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platform performance demands and endronment, versus the increasedMrquj.n& 

and rougher environment for the conventional. sensor when mounted directly 
I 

to the vehicle. As a c 

at MarsJm3.1 Space FAi&hti Center to the slng2.e axis g;latform systern wMch 

romise approach, considemL.lfi0n is being given 
I A 

I 

allevlates the strapped-down gyro performance problem while providing many 

of the advantages of the etrapped-down system. 
I 

The use of one sensor package and computer for both guidance and autopilot 

functions has been considered for launch and cruise vehicles over the 

years. The strapped-down inertial package, operating directly in vehicle 

body axes, offers interesting possibilities for achieving this capability, 

A decision to implement this approach would favor sensors having good 

rate measuring capability as well as inertial quality drift rates. The 

laser gyro, which has the potential for meeting these req~irements at$ 

w e l l  as the ability to withstand severe launch phase envlroments, could 

be of interest for such an application. 

1 would like to mention one final item in the launch vehicle area. The 

availability of very lost cost, smaU inertial guidance systems could 

improve the capability if relatively inexpensive rocket probe vehicles. 

It is fortunate that here as in other areas, military and NASA objectives 

tend to require similar capabilities and current military missile guidance 

programs may contribute to eventually achieving this capability. 

Spacecraft navigation and guidance systems for manned and unmanned 
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applications hsve understandably taken different paths in their development. 

Unmanned spacecraft have depended on pound-based radio navigation and 

guidance corngutation ays%ems, wi%h on-board infsrt;is2 sensors usedroxQr 

to control t h m L  direction and magnitude for mldcourse m~lleuvers. Manned 

spacecrafi systems are being designed for a complete on-board capability 

under astronaut control, supplemented by the w e  of ground-based tracking 

information to improve accuracy and provide redundancy. 

The lunar and planetary unmazuzed spacecraft flown to date, because of 

the short period of operation for inertial sensor drifi; rates to accumulate 

during midcourse correction, &d need for simplicity and power saving, have 

used low viscosity flotation fluid in their Wros and eliminated temperature 

control. In Mariner N, 

where the possibility of lasing attitude reference existed during the picture 

taking portion of the mLssioni if the Canopus Tracker Lost the etar due to 

Gyro drift rates have been typically about 0.5u/hr. 
I 

reflected light firam Mars, lower drif't rate gyros could have provided an 

attractive alternative to the celestial reference system during that phase 

of the mission. 

Recognizing the desirablility of continually-improving the lifethe and 

reliability of gyros, &d need for providing a capability for on-board 

guidance for atmospheric planet entry and soft landing on the planets, 

efforts have proceeded at the Jet Pzupulsion Laboratory to develop gas 

bearing and electrostatic gyros for potentid applicatlon to unmanned 

spacecraft missions. 
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The first s l ide i l lus t ra tes  typical requirements for  gyros on unmanned 

* 
spacecraft f o r  future planetasy. misrti~ns. The reqwlrtsrnents range f r o m  

fo r  capsule maneuver guidance for planetary entry. The lifetime 

bprovemen-l; requirement applies ' to aZ1 of the mission Rznctions. 

k r t h  satellite spacecraft are  entering the era of long-term useful, l i f e  

requj.rements along with more demanding requirements for attitude reference 

accuracy. While sol.ar, celest ia l  and earth pointing techniques w i U  be 

primary, gyros are  required for  short term memory during occultation of 

the sun. or reference star, for  acquisition of new target stars for pointing 

schientific instruments and for  damping horizon scanners. The goal of five 

years of reliable qe ra t ing  l i f e  for many application satellite missions 

and the desire for  low power consumption, provide challenging gyro 

technology requirements ' Goddard Space J?light Center has injitiate specific 

efforta towards achieving this  five year lifetime capability, w h i l e  general 

technology efforts on gas bearing, elecfrostatic and no-movin g part  g y ~ o s  

should contribute t o  reaehing th i s  goal. 

The nadgation and guidance system concepts 7jeing implemented for  ApolI.0, 

'based on a complete on-boar& capability using a sextant-telescupe, 

computer and inertialmeasurement unit, can be expected t o  s e t  the pattern 

f o r  manned spaceflight planetary missions. 

for Apollo, the IMU and &nnputes have now become the primary at t i tude 

It is interesting t o  note that 

reference system. 

the at t i tude error t o  develup control signals. 

The computer derives att i tude rates and sums these with 

Strapped-down iner t iaJ  
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measurement units, presently Wed only i n  the LE24 Abort; system, can be 

expected t o  receive farther consideration, takbfj  s l t o  account the 

of the guidance and navigation system as the primary at t i tude reference 

system. 

both ra te  and position measuring capability would be an asset i n  

As mentioned ear l ier ,  the use of strgtpped-down systems having 

performing this dual. function. 

A typical s e t  of requirements for  inerkial sensors for  future manned 

missions is  shown on the next slide. 

frequent realignment from navigational sightings, the perfonrr;bance figures 

shown here may be somewhat stringent. 

Keeping i n  mind the capability of 

However, the MT13F requirements 

will continae tbdncrease as 

The most c r i t i c a l  phases for 

planetary mission are planet 

longer missions 

ine r t i a l  sensor 

entry and Earth 

are planned. 

3erfomance i n  manned 

reentry. Even, with 

reasonable mcertalnty i n  knowledge of the planetary atmosphere for  a 

Wrs mission, the Fbrth clapture maneumr phase i s  the most diff1cuL.t 

for the navigation and guidance system because of the higher approach 

veloc3ty. However, the use of a Venus swing-'dy return for  

seduces the Earth approach velocity t o  an rxcceptdble level  

system and possibJy p i lo t  controlled guidance. Simulation , 

such a mission 

for automatic 

studies at 

Ames Research Center have shown the need for  velocity, acceleration and 

al t i tude rate information for  the p i lo t  t o  perform the c r i t i c a l  capture 
I 

maneuver. Durlng reentry, where camnulications blackout may preclude 
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the use of ground-based updating, there is need for  an i ne r t i a l  system 

t h a t  will provlde reasonable performance with high re l iab i l i ty  at %he 

The development of the "true" free rotor gyro, typified by the electro- 

s t a t i c  or  e lectr ic  vacuum gyro makes stramed-down systems particularly 

interesting for  spacecraft application. 

the rotor suspension voltages during zero-g mission phases, reduces power 

Ability t o  drastically decrease 

consumption requirements and should improve performance. 

maneuvering periods, the elimination of need for  rapid precision torquing 

provides potential for  an effective strapped-down system implementation. 

Present electrostatic gyros, however, do not have adequate rate measuring 

During 

capability, and would probably require the w e  of derived rate ae used i n  

Apollo for att i tude reference . 
An interesting concept for  an optical-inertial space sextant has been 

supported by Ames Research Center and is  i l lustrated on the next slide. 

This concept uses two free rotor gyros, strapped t o  the sextant base, as 

protr&ctoors t o  read and Runish i n  d ig i ta l  form the measured sextant 

angles. 

demonstrated, i s  capable of narrow and wide-angle tracking modes. 

tracker has not yet been integrated w i t h  the gyros. 

The off-axis v3dicon tracker which has been fabricated and 

The 

The gimbals shown 

serve only t o  f a c i l i t i a t e  the celest ia l  tracking function. Since the 

gyros provide the angle measuring capability, neither precision angle 

readout nor highly r igid gimbals are  required. 

device could, conceivably, be tethered outside the spacecrafi, eliminating 

The self-stabilized 
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the need for even coarsejattitude control of' *he spacecraft during 

eightings . 
n 

The subJect of unique uses of inertial 8ensors In space for ex%remely 

Low-level force measurements has been very well treated in a payer of a 
I 

year ago, "Measurement of S m a l l  Specific Forces in Space" by Draper, Bey, 

Sapuppo, and Chapman, published in the Astronautics Acta Series, As noted 

in that paper, the use of accelerometers for measuring very 8 m a U  forces 

for  a number of navigation and space experiment applications has been 

considered. 

propulsion systems and the use of active gravity gradient attitude reference 

These include guidance for spacecraft having low thrust  level 

systems, 

and a pure gravitational orbit satellite to perfom:.a gyro test of general 

$ace ewerbents considered include detection of hpravity waves 

relativity. 

Measmehent level8 as low as 10m12g are required for some of these 

applications. Assuming that it m y  be possible to measure such forces 

in space, the design and testing of the instruments on Ea&h Is a 

f omidable problem. 

A number of novel low level accelerometers have been proposed and 

modifications of existing sensors have been considered. The electro- 

statically suspended accelerometer, whose support forces can be reduced 

in orZlit to measure low accelerations, possibly as low as 10aL2g, is Of 
interest for this application. A flight experiment using this type of 

accelerometer will be pepformed later this year on a Saturn as a Join$ 

undertaking between the Lewis Research and Marsha3.l Space Fzight Centers. 
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This w i l l  provide some insight into whether the accelerometer will suspend 

under near zero-g at  low voltages and hopefully obtain some insight into 

the capability t o  measure very smaU forces. Other sensor concepts,using 

@%%G @#eg@nrJforr 

displacement are  being investigated. 

The pure gravitational orbit sa te l l i t e ,  proposed and under study- by 

Stanford University through NASA sponsorship, would be used t o  perform a 

gyro t e s t  ofGenera1 Rel.ativ3ity requiring the measurement of precession 

rates i n  the order of seven seconds of arc per year. A gyro d r i f t  ra te  

I 

of 0.01 seconds of arc per year i s  desired for  the eqeriment. The 

approach being pursued ut i l izes  a solid quartz sphere, electrostatically 

suspended at a superconductive temperature, i n  a zero magnetic field. 
I 

London moment readout is used t o  track the angular momentum axis of the 

sphere. 

The iner t ia l  sensor can 'be seen t o  play an important role i n  many space 

missions. 

mission application. 

The performance reqyirements vary greatly, depending upon the 

In  addition, the unique environment of space has pa 

created interest  i n  wausml. iner t ia l  sensor a@ications &hat did not exist  

pr ior  t o  the space era. 
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