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Deseription of NRL Gravilty Gradient Stabilization Experiment

Tatroduction
Many experiments %0 be flowa in both military and eivilian spacecraft

may best be accomplished with one axis of the orbiting spacecraft aligned

vertically. In an effort to have vertical aligmment capability in Navel
Researeh laboratory spacecraft, the Satellite Techniques Branch has
scheduled a gravity gradient stabilization experiment to be leunched in
Decembsr 1963. '

It is the opinfion of NRL enginecers that the optimistiec results of
studies performed by CGeneral Electrie Co., Bell telephone leboratories,
NASA, AFl, and others, coupled with the suecegsful gravity gredient stadilie
zation experiment launched by APL prove the feasibility of stabilizing
satellites with gravitationsl torques. However, NRL fecels that no system
has been sufficiently tested to be accepted as “state of the art”.

In general, the stebilization task breeks dovn into three major
problem aress; 1, redusing sll sstellite turble and aligning the payload
10 the desired orientstion, 2, extending boom or booms to give a large
ratio of pitch and roll axis moment of inertia to yav axis moment of inertia,
end 3, damping the satellite librations to orient the vertical axis within -
tolerable oscillations. This experiment does not attempt to resolve the
initisl attitude problem since there $s no preferred direction of the plus
or mims & axis of the NRL payload along the loeal vertical.

Test Payload
The stabilization system will be compateble with a payload described

by the following paremeters:
Weight -- 65 15 1b.
Center of Gravity - 1 #1 inch below geometric center
Moment of Inertia <e
1, = 0.6 £.1 Slugeet®
Iy = Iy = 0.5 £.1 Sug-ft®
Dinensions -~ two 20" hemispheres separated by a 33"

equatorial band
Magnetic Moment ~- unknown, but expected to be small
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The stabilization systems parameters are:
Boom length -= 15 £t.
Boom erection mechanism wt. =- 1.75 1lb.
Damper dlameter o= 5 inches
Damper Weight - 11 1b.
Total stebilization system weight -- 14 21 1b.
The total test payload weight is 80 35 lb. and after boom extension
the I, = Iy moment of inertia vill have increased o 77 slug-£t=.

Zest Conditloning
The greavity gradient experiment will bte lsunched om a thrust aspipted

ThoreAgena vehicle from PMR on 2 scheduled launch date of 10 Decender 1963
vith @ 10 AM to 11 AM launch vindow. A 70° prograde inelination, 500 M
eireular ordbit 48 the desired launch trajectory. On orbit mmber 6 over

the:md station, or orbit mmber 8 over the | |

ground station the boom and damper weight vill be extenfed by command. The

| |emd| |ground stations vill record tolemetry dsta on
all visible passes until the initial oscillations have been damped to 8
small amplitude (lees than 5°) or a relisble ewrve has been plotted to
desoribe the satellite motion. HEL 18 negotiating to Secure additional
ground station coverage Guring the period required for stabilization.
Rerfornance data will be monitored dsily thioughout the life of the
satelldte.

Descri Stabilization

The use of an extendadble boom mechanism to change the satellites uwass
distritution in ordit 1s common to all the proposed stabilizetion gystems
reviewed by NRL. This is normally accompliched by the extension of & mass
attached to an extendable boom mechanism. To date the only source of these
nechaniens is the Special Products Division, DeHsvilland Aireraft of Canada,
It4. NK. has had s great deal of experiemce vith several models of the
Deliavillani extendable booms in ground tests and considers these unite to
be flight vorthy. Plight of DeBavilland®s mechaniems as boous and/or long
antennas by Airborpe Instrument Laboratery, the Canadian Qovernment, APL
and JRL hsve proven that these units vwill oyerate successfully in orbdit.
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The other component common to all the stabllization system reviewed
by NRL was the demper. The damper must remove the energy of osecillation
80 that the satellite axis of wminimum moment of inertia will stabilize
along the local vertical. All of the systems reviewed by NRL utildzed e
different and elways unique damper component. The damper selected to be
flown on the NRL stabilization experiment is the magnetvieally anchored
viscous damper designed, built and pre-lavnch tested by the General Eleetrie
€o. This damper was selected for (1) simplicity in ground hendling, (2)
anticipated high component reliability in orbit (3) computer studies indicate
good damper peryormance (U) desirability of testing a systém other than
the damped spring and mass system successfully tested in orbit by APL and,
(5) the General Flectrie Co. indicates thet they can deliver a damper unit
vy mid November. A detailed deseription of the boom extension mechanism
and the magnetically anchored viscous damper are ineluded in this report.

In the NINL experiment the damper will be extended on the end of a
15 ft. boom. The weight of the damper will serve ag the transferzble mess
necessary to greatly increase the piteh and roll moments of inertia. Figure
1 shows the stabilizstion system im launch configuration. The boom extension
mechanien is vounted inside the satellite skin and attached through a hole
in the skin to the damper.' The damper is clamped to the satellite skin
during lsunch and the vehicle-satellite separation modes of the f£light.

After separation the satellite will probably have some tumble
resulting from separation tipoff and vehicle moticn. Even though the boom
is unextended, the damper will remove all the tumble energy as the bar
magnet tries to stay aligned with the earths magnetic field. The tumble
rate is expecied tc be a maximum of 3 degrees per second and completely
decay before the sixth orbit. By ground command the damper will be
released and the boom deployment process will stert. The boom extension
will take spproximstely 8ix mimutes. AL the time of boom deployment, the
satellite attitude is arbitrary. Therefore, in the worst case the paylozd
mst be rotated 9f)° t0 be ecorrectly oriented. If the worst case is assumed,
the oseillation cbout vertieal should be decreased to 33° in approximately
10 orbits after boom deployment. In orbital configuration one time constant

s
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is 10 orbits. One time constant will remove 37% of the initial oscilla~
tions. Since the best satellite aspect resolution is about 50, slightly
less than 30 orbits will be required for the satellite attitude to
sppear as steady state.

Deserdiption of Yompex#

The masmetically anechored viseous damper, see Figure 2s; consisis of
turee elementa: {a) viscous demper, (b) megnetic anchor; and (¢) magnetic
sugpension. The devige is ccupledely I&aﬁg&e; requires no externel sources
of power lor operation, bas no xukbing parts end is ldeally suited for
long life relisble operation in & spece enviromment. HNone of the elements
sneorporsted e presemts an advenee in the slate of the art or represents
bagiesliy new and untried concepis.

Th- viscous damper consists of two concentrie spheres with a2 vissous
£luid hebween them. When there is o difference in angular veloeity, thetle
will he e viseous shearing setion vhich resuiis in a dissipation of energy.
In orier to produee a difference in amgular velosity of the spheres and to
be apsubed that they do not eventually "lock-up™ on each other; the imer
sphece is fixed to the eerth’s £ield by the megnetic anchor. This is
achieved by & bar magnet attached to the inner sphere, vhich acts essentislly
s/ o compass meedle, alusys aligning itself parallel to the earth's magnetie
fleld. .
In order %o sssure the concentricity of the gpberes and to preveat
any possibility of rubbing under operating conditlons, the spberes will be
sereratel magnetieslly. This seperetion will be attained by a magnetie
suspension in vhich o dlemagnetic material is repelied by = magnetlie Lleid.
The ouker sphere vwill be made of a diawagnetie material, and the magnetic
field will be produced by permenent magnets attached to the inmer spherxe.

Pemping will be obteined by the relative motion of two concentrie
sphexes whlch are separated by a viscous flmid. The eoncept of utilizing
the wotion of eoncentrie spheres to produce demping is not new in the stete
of the art. It results in a small, 1lightweight, and most important, a
coupletely passive devite.

# WKL Bxperinsusal Damper Proposal, Sept. 17, 1963 General Eleetrie
Company, Velley Forge Space Technology Center, Fhiladelphia, Pa.
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The magnetic anchor serves to hold the inner sphere fixed while the
ocuter sphere, vhich is attached to the spacecraft rotates. The magnetic
asnchor locks the inner sphere to the earth's magnetic field by means of a
longitudinally magpetized bar magnet attached to the inmer sphere. This
bar magnet acts as a magnetic dipole which will be torqued by the earth's
field. The perturbing effect of the bar magnet flipping as the satellite

~crosses the earth's poles will be unnoticeable since it is less than the
So' aspect resoclution. The use of a magnetic dipole to orient a satellite
is not & new concept; it bas been used successfully in Transit 1B and
oA, where aii Alnico V bar magnet L inches long, and 1 inch in diameter
was used.

Boom extension Mecuenlem™

The boom extension mechanlsm s deplated in its basie form in Figure
3. The boom elemente are Lorwed out of stxrlp wmterial, heat-treated into
& natural cireuler section in such a manner that the edges of the msterial
overlap by approximstely 90°, giving the tubular eclement a stremgth which
is slmost equivelent to that of s seamless tube of the same diameter and
wsll thickness. The boom elements, when retracted, are stored in the
strained, flattened condition by winding them on a drum. ' When the beom is
retracted, the tubular element is contimicusly transformed from its matural
eireular segtion to the flattened condivion by passing it through a suitable
guidance system. The boom may be extended or retragted simply by roteting
the storage drum in the eorrect direetion. It will be apperent that retraciing
the boom involves supplying strain energy to the boom materiel as it flattens
from its circulsr section. The coiled boom, therefore, has a natural
tendengy to self-extend, thus providing low powver extemsion, the drive
motor acling mainly as a governor to limit the extension veloeity. %The NRL
boom will have no in-flight boom retraction capability.

The|5 feet of boom element is stored on a drum end is led through a
guide sleeve vhiech supports it as it forms from ite strained, fiat croas
section to its natural tubular chape., Mechenical power transmizsion to the
drum from the elestric drive motor is by a spur gear train. Boom extension
is sutomsticslly stopped when full leagth is achieved by the action of a

#Propogal for L0 f£t. Extendable Anterma for Lofti Satellite, DeHavilland
Aireraft of Canada, Ltd., Dowmsview, Ontario
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miereswitch in series with the drive motor being actunted by & slot cut
in the tail end of the boom.

Throughout the design of the proposed gystem, elose atienvion hes
been given to compactness, low weight and, in particular, extreme relia-
bility. To this emd, the design has been simplified vherever possible and
use made of proven bardvare snd vechniques. It 1s considered that the
proposed sywtem represents a carefully balanced compromise between the
above requirements.

The following sectioms describe some of the major mechanieal festures
of the boor mechanimn:

Boom -
The boom element consists of |5 feet of specially heat-treated
Beryllium Copper sirip, processed %o retein a high elsstie limit siress.
Each element vill be 2.0 in, wide and 0.002 in. thiek, the thickness
being determined by the stresses imposed upon the element as it unfurls
from its unstrained eireular condition to the flattened condition
for storsge prposes. ‘Ehe strip vill form into a tube of approximately
0.5 lu, dlameter with 90 overlep. The boom element has been
deaigned so that jhhe flattening stresses are sufficiently below the
elastie limit stress of the material to emsure a virtually uniimited
element fatigue 1ife. Structursl smalysis reveals that boom material
of this size will easily withstand the bending moments generated by
the specified change in vebicle spin veloeity. '

Drive Motor:

The drive motor is a 12 volt D.C. psymanent magnet type, with
& 3/% in. freme size. Xt is complete vith en integral precision
gear head providing a 150:1 geer reduction. A finel gear reductiom
is pinde Pfrom the gearheed output shaft to the boom storage drum by
external nylon spur geers providing the des:!,red boom extension time

of 5.1 1 minutes.
The motor bea.ringa ara double shielded, stainless ateel ball-

races and are ]n‘brs.cated by G.E. 300 low vapour pressure greaae,
as is the gearhead. This type of motor has undergone extensive

©6e
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: testing to pwove ite ability to operate in & spsee enviromment and
DeHavilland experience with this type has shown them %o be entirely

' sati‘si"aetoxy. Tests under thermal vecuum conditions up %o 200 hours
have ghowm no deterioration in parformance.

'Guidanee System;

" fThe boom material must be guided very precisely as it tranafoms
from the stored condition to its twbular shape in order to ensure
smooth relimble extension. Over the years DeHavilland have developed
a simple, lightweight, guidance sysbem vhich exhibits these properties
and will be used in the proposed design.-

This guidance system employs tangentlisl element teke off, with
automatic compensation £or the decressing drum diemeter as the ‘boom
element is extended. Spring belt temsioners are used to raestrain the
element on the drum.

Structure and Haterials:

The boom system is comstructed from two fibre glags side plates,
correetly located by magnesium and stainless steel spacers. The

" boom storage drum, guidance system components, and the externmal spur
gesrs ere made from myion. All materiels used have a proven sbility
to withstand s space enviromment for long periocds of time. Aluminmum
andma@esiumpartswﬂlbeanodizedtomoa&5andmm17
respectively. No other materisls used require surface treatment.

Satemfe Barth Aspect Instrumenietion
It vas decided to £iy a MAGS System &3 & research and development

experiment whose performanee would not affect satellite operation. Due
to the short lead times involved, it was decided to fly an optieal
instrumentation system of limited resolution but eovering deviation angles
from the local vertical from O° o 90°. This instrumentation gystem is
of guch a nature that quick look date reduction is possible without
naethematical ealculations.

The chief disadvantsge of this system is that espect date is available
only vhen the satellite sees the earth fully illumipated £rom horizon to
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‘horizon around 360°. Wius, when the subesatellite point i at 3.,0@1
poon for any spot on the earth, aspsct data is seourate. . 4
' . e %o vehicle problems, it is not known whether the satellite o
stabilize top up or top dowm. Theref‘ore, it vas n:eeessa.ry ta instmment
the satellite for ei‘che:t‘ ;goasi’bz.lityc.
It was decided to use'six optical sectors of five deteci;crs eagh,
8 total of 60° wide loceted symmetrieally 3120° apart on the’ to} and
botton hemispheres of the satellite comcerned. The esrth‘s horcon &b
the degired albitude i6 at the cemter of these scetors (the 60° regle)
for an esrth stabilized satellite.
' " Avedlable logiec ejreuitry in the Batall:.‘be mekes it mactical o
: segzen‘bieam awii;eh B pouea:' t0- each of the aix sectors. The w.tpmx
of these sectors can then be connected together and to the five commn
Jevel detecting devices (Schmidt Triggers). Thus at sny perticular tim:
N one seetor of five sensors {or detestors) has pover applied to it and
b ‘has its outputs routed o the level detectors which are followed by
mixing resistors, switching cirevits, and a pubgerrier oscillator. The
basie bloek disgram is shown in F:;gar h, & cmnp;l.ete frame of data is
avallable every four seconds. : o

The Earth Aspect cutout has six diserete levels of “o”v, 1v,
2V 3V, '1& V, or 5 V vwhich is changed ‘o corresponding frequency
variations by the bmb@mier oscillator. Given an output reading at a

partdealsr time, the output vill ineresse by 1 volt for each sensor thet
is {3iviinated. Phat 4s, esch of the five sengors increases the output .
read:.ng by 1 volt vhen it ia ilivminated 'by reflected light from the earth.

The deteiled optical ,geometzw of a sector is given in Figure 5. Bach
sestor is 1/bY wide, end mounted on a 207 sphere.

By regerding the earth from horizon %o horizon arcund 360°, it appears
as a dise of a particuler size at s particular eltitude. In the same manner the
hemisphere of the satellite with the three segtors mounted on it can be laid
flat and Gimensioned to the same meale a3 the ecarth. These piane surfaces
ere shown in Figure 6. '
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Congidering the inside of the earth eircle 11t wp, one ean loy it
over the satellite template and aove it relative to the satellite template.
Any gensitive porvion of a sensor $ims illuminated will add 1 volt to
its own sector reading. Thus the cubtput reading of a seetor will be
1 volt times the mumber of iis semsors that sre illuminatel or partially
illiminated. Ry measuring the distance beiween centers of these two
eireular templaites and using the lengthwangie ratio necessary to make these
templates, one knows the engle from the loeal vertieal to vhich the astellite
role 13 pointed onee thiee gestor outpuis are Imovm. Once these templates
are made, one can determine all possible sateliite oubdputs for e particular
aliitnde before the satellite I8 4n orbit. A tentative list of 500 nautieml
miles follouss '

Possi’blg Barth Aspect mt@ata for 500 M

Cutput © Min 9 Max
YoIts 6% Frequency Toarees Tgrees
333 0 >
233 5 b1
33k T T
234 7 16
224 9 7
134 16 30
Lo 16 30
120 18 18
225 18 22
125 19 33
135 23 30
115 24 39
olsls 30 b7
03h 30 56
035 31 ks -
nas 32 5%
015 35 63
005 ko 90
o2h 55 62
-9 -
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o @ Max
‘Fol'%%%t‘ﬁ‘requency %é%ﬁ%es Teprees
C33 56 - 62
o1k 62 65
023 63 65
022 66 67
ook 6é 75
013 67 )
603 &8 2.
012 € 59
002 T 0
001 TL T
01% ™ TL
000 T2 g2

It is to be noted that this Llist is ten‘hauve, arsangement of the
oubpub readinsﬁ makes no difference; end there are both redundant end
overlapping cutputs. Depending on orbib results and longth of time in
orbit, the position of the se,tellite will prohahly be kuown to better

then 50,

Indepenfient sun SCRSOYE are 2180 provided 1,0 de‘kerui.ne whieh emi of " .
the satellite is pointed earthward and therefore vhich uet of th;ee seetqrs

%0 read dets from.

Doteci /2 e

Patrick H. Cudrore
S8atellite RF fystems Seetion

llbod 7 el

Robert T.. Beal
Satellite Stme.'m:re Design Section
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' O . Expém%éon Bellows
Separation Plane - /
‘ {

Separation Clamp

Extendable Boom

- — 80
o
e — 90
"Payload Electronics
‘ 34"
Power
. Supply
< |
Figure 1
- Gravity Gradient Stabilization Experiment Payload

Satellite weight - 65 %5 1b.
. 'Stabilization system weight - 14 %1 lb.
" . Total Satellite weight - 79 %6 1b.
Dimensions - two 20" hemispheres separated by a 3%
equatorial btand
Before boom extension
Center of gravity - 1 -1 inch below geometric center
Moment of inertia :
o I, = 0.6 .1 Slug rt.2
I, = I, =0.5%.1Slug ft.
After boom éxtension 5
I.= I, =717 t5 slug-ft.

2
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