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• V ~~((b~ET 
Desctiption ot NRL Gravity Gradient StabiUzat:ton Experiment 

Introduction 

Ma.ey experiments to be :flown 1n both m1l1tary and civilian spacecraft 
may best be accomplished ·with one axis of the orbiting spacecratt aligned 

vertieally. In an effort to have vert.:tcal alignment capability in Naval 

Research Laboratory spa.cecra:ft, the Satellite Techniques :Branch has 

scheduled a gravity gradient s'tabilization experiment to be lawlebed in 

December.1963. 
It is the opinion of NBL engineers that the opt1mtstio results ot 

stwUes performed by General lllectr.l.a eo., :Bell teleJd:lone Le.borat.ories, 
BASA, APL and others, coupled vith the suecessiul. gravity gradi.Gllt atabl.ll• 

za'tlon experiment launcbed by .APL prove the feasibiliq, ot etabU1dng 

satellites with grav1tat1ona.l t.orques. Ho-wever, NRL feela tha't no apta 
bas been suff'icient~ tested to be accepted as "state ot • the art" .. 

In general~ the stabilization taalt bre8lm down into three ma3or 
problem areas; 1~ .reducins all satellite tumble and eJtgnSng the P9¥load 
1D 'tbe desired orientation, 2, extending boom or booJlls to give a Jarse 
ratio of pitch and roll axis m.ament ~ mertta to yaw md8 moment t4 ta.ertla, 

8Zlfl 3, damp!Dg the satellite librations to orient the vertical axls w1tldn • 

tolenbl.e oseillaticms. This experiment doee not attempt to resolve the 

lm:lUal attitude problem since there ls no preferred cU.rect1on ~ the p1ll8 

~ ldlms Z axle ot the ImL pe,yl.oacl along the l.ooal vertical. 

Teet !!,yloacl 
9ie stabilization system ld.ll be compatable w1 tb a PQ"l.oaA descr:l'bed 

b¥ -the folloWing pare.meters: 

Weight -- 65 t5 lbo 
Center ot GraVity -- l ti illch below geometric center 

Mament ot Inertia-• 
Iz = o.6 t.1 Blug•ft2 

2 Ix= Iy m 0.5 t.1 Slug-ft 

.D1mensions •· tw 20" hemispheres separated by a 3½" 
eqtXatorial band 

Magnetic Moment .... unknown, but expected.to be small 

Encl ___ (_ _ _fo NRL Ltr .5'/'?t1- ?/ e/d.'JS 
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'Die stabilization systems paremetere are: 

:Bcom lellgth -• 15 ft. 

Boam erection mechanism wt .... 1.15 lb. 
Damper diameter ... 5 1nobes 
Damper Weight - ll lb. 

Total stabilization system weight •- 14 t]. lb. 

9le total 'test pqload weight is 8o i:5 lb. and after boom e&tellslOll 

the Iz • X,. 1ll0lllent or inertia will have 1naeaGed to rr eJ.ug-ft2• 

!'en eonatgcmse, 
'Die ...,._. pulient ~t vlU be lmacbecl e a tb:rust aadsted 

~ veh1cle frolll am on a sahe411le4 lMmeb date of 10 JleaeJINJ' 1963 
"1th a lD AN to U AM la1mcb W!Daov. A 10° progra4e 1DeJt11atSoD, ~ 11M 

a1Mals:r orbit Se 'Ille 4es1recl 1aWleb trQJectory. On orbit mmber 6 aver 

th•~~~~~~_Jpocmd station, or orbit IIIIIDl»er 8 over the D 
lfOUll4 etaUOa tJae baan 8lld c1amper veisht will be edea4ea b,J oomnand. '1'be 

8114 Daroun4 statiolls wU1 reC01"t teJ.eraetry data OD 
~~~~~~___J 

a11 'ViaS1tle psases UDtSl tile Sn1t1al. oaoillatlou 'baw been 4amJe4 to a 

aa11 8111Pl1t114e (lea& tllaA ,0) or a reUa'ble cnarve bU been ~ to 
deaol'lbe tba sateWte mt1on. m is neaotiaUr,g to 8IGl&N aMStsonal 

fJl'GUDI atatloD csoveJ'889 4urtns the ,erto4 J'eCll1ift4 ~ etabWaatton~ 
~8 data vlll. be mcmStored ~ ~t ·tu Ufe of tbe 

SftelUte. 

Dtaol"IRH:e ot staldUr.aUGD. aystem 
file use or aa extelldable boom mechmdsm to ct1aage tbe aste1Utu DUe 

<11etr.lmtian 1n orbit la C!OIIIDOD to all the Pl"OP)Ged stab.11:tza~ aptems 

rerieweci b7 BBL. ends 1a DO~ accompli._ ~ tile eaenatcn of a 11888 

attaobe4 to aa eztenaable boom mecbantem. '° aate the OJ11¥ source of these 
meohanlams is the s,eota1 Pl'oduets Df.vtston, J>eBav1lJaa4 A1l'Cl'8ft or Omeda, 

w. BRo llas ba4 a great dea.1. ot ex_peri~ vS.th sevem1 modela ot tile 

DalavillaD4 extenaable boane SD ground tests 81111 ecmsidel'S these llld.te tc> 

be 1'l18b' vm-tlW• Pl:lgllt o:t Ddavilland • a nechaJd.ams as booma ua/or 1oq 

8Jltema88 1,,r Airbcmle Instrument laboratory, the CaaalUan Oovermmt, AH, 

aa4 DL lla'le poven that these utts vtl1 opwate. sueesdall¥ la orb:lt. 
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The other component common to all the stab$.lization system. reviewed 

by URL_ was the dam.per. The damper mu.s·t remove the energy of oscillation 

so that the satellite axis of minimum moment of inertia ·will stabilize 

along the looal ve:z·tica.i. All of ·the systems reviewed by N.RL utilj.zed a 

different a.nd always unique damper component. The damper selected. to be 

flown on the NRL stabilization e:tperiment is the magnetically anchored 

viscous damper designed, built and pre-launch tested by the General Electric 

Co. This dampe1• was selected :t'or (1) simplicity in ground handling. (2) 

anticipated high com:_ponent reliability in orbit (3) computer studies _indicate 

good dam.per performance (l,.) desirability of testing a system other than 

the damped spri;.1g and mass sys·l.em successfully tested in orbit by APL and, 

(5) the General Electric Co. indicates that they can deliver a damper unit 

by mid Novembe1· o A detailed description of the boom extension mechanism 

and the magnet.1.cal.:cy anohored viscous damper are included 1n th:ls report. 

In the NTIL experiment the damper will be extended on the end ot a 

15 ft. boom. The weight of the damper will serve as the transf'erable mass 

n.ecessa,:cy to g1.•eat:cy- increase the pitch and roll moments of inertia. Figure 

l shows the stabilization system in launch configuration. The boom extension 

mechanism is ».ounted inside the -satellite skin and attached through a hole 

1n the skin tr> the damper. The damper is clamped to the satell:I. te skin 

dur1J1g launch and the vehicle-sa.·~ellite separation JIIDdes of the flight. 

After separation the satellite td.11 pl'Obabq have s0111e tumble 

resulting from. separation tipoff and vehicl.e motion. Even tbcmgh the boom 

is unextended, the.damper will remove all the tumble energy as the 'bar' 

magnet tries to stay aligned with the ea1-tbs magnetic field D The tumble 

rate is expeci~ed to be a maximum of 3 deu.ees per second and completel,y 

decl\V before i;he sixth orbit. By ground command ·che damper will be 

re1eased and ·the boOJII. deployment process will start. The boom extension 

will take -approld.w1tel_y six minutes. At the time of boom deployment, the 

satellite attitude is arbitrary. !rheref'ore., in the worst case the JJB.7load 

must be rotated 9fp to be correctly oriented. If the worst ease is assumed, 

the oscillation ::.bout vertical shoul.d be decreased to 33° in approximate]¥ 

10 orbits after ·ooom deployment a In orbi ta1 confisun,tion one time constant 

... 3 .. 
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is 10 orbits. One time constant wil.l remove 37'fo of the initial oscilla­

tions. Since the best satellite aspect resolution is about 5°, slightly 

less than 30 orbits will be required ror the satellite ~ttitude to 

e,ppear as steady sta.te. 

'J!kie ~ti~.1ly enr>ho;i.•ec"i -viscous dJ?,mper:, see Figure 2, consis~s o~ 

three el.eziw:nts: (a) vis~s damper, (b) ~tic; enehor; and (e) magne-~ic 

suspension.. The devlet;? .is completely pa~~ve, requires no external SOUNee . •, . . . . . . 

of' :powe1 .. for operation, bae no rubbing pa.rt19 end ~ ideally sui~ for 

long lit'e reliable ope.ration in a space ~~nto None of the el~tJ:l 

incorporf.te« i·e prese:trts ~ advw.iee in the sta~e of the art or represents 

basieal:i:, new and untried con.cep-is .. 

Tb.! viseo'Wl dampe.t" consists of t·wo $0D.Cen~ic spheres with a visrwus 

fluid ·11etween themo Wn.en there is a difference in angular velocity., tlleI'e 

will 'ba a visoous shea:t.'ing ae?-tio:n i,mich results in a dissipation of energy. 

In oriter to produce a difference in aIAgU,lar vel.oci ty of the spheres ~d to 

be ar.aured tha;t they do not eventual.zy 11].oQk ... uptt on eaeh other, the inner 

sphe·_-e is fixed to the eerth Os· field by th~ ~rftic anchor,. 'lhi~ is 

acld.eved by a bar magnet attached to the inner !Bpherej 1-tb.ich acts easentis~ 

ru- a c.'IOillpa.SB m.>edle .:i tllways aligning itself' parallel to the earth O e masnetic 

fJ.eld .. 
In order to asmtre the con~entrici:ty of the spheres and to prevent 

au.r possibility of rubbing :i.,nder opera.t~ .cond1t:1ons, the spb.eres will be 

sere.rated magnetically~ This separatS.on will be a:ttained by a magneti~ 

aumpension in ,;-fuich e. diamagnetic material is ·reP.9J.J.ed by a magnet:1.e fteld., 

The outer sphere will be made of a dia:magn.etic ma·terial, and the magnetic 

field l-rill be produced biJ permanent magnets attached. to the inner sphe:reo 

·DampiflG will be obtained by the relative motion of two concentric 

spheres wb:lch al."El separated by a viscous tluid o 1'he eoncept of utilizing 
the 1110-tio:n of concentric spheres to p:i.-oduee damping is not new 1n the state 
of~ art .. It results 1n a small, light~ight, and most impo~t, a 
complete]a passive cleviCeo 

* rmL Experimental Dam,per P.l.'oposal, Sept o 17, 1963 General EJ.ectric 
Com~, Val.ley Forge Space ~dmol.ogy Center, !hiladelpbia, Pa. 
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The magnetic anchor serves to hold the inner sphere fixed while the 

011ter sphere, which is a.tte.ched to the spacecraft rotates. The magnetic 

,mchor locks the inner sphere to the earth's magnetic field_ by means of' .a 

longitudinally magnetized bar mgnet attached to the inner sphere. Thia 

l,ar magnet actl;J as a. magnetic dipole which will be torqued by the· earth's 

c"ield. The perturbing effect of the bar magnet flipping as the satellite 

. crosses the earth• s poles will be wmoticeab1e since 1 t is less than the 

5°·aspect reso1ution. The use of a magnetic dipole to orient a satellite 

~snot a new concept; it has been used successfully in Transit 1B and .. . . .. . 
2A, • where· an Alnicp __ V bar magnet 4 inches long, and l inch 1n diameter 

was used. 

BoODl extension I~:tem* 
The boom e%bens:ton mec-h&n:tsm 1s deptcted in its baa:La fol'Dl in Figure 

3o !the boom elemento are formed 0111; of str-lp material, heat-treated into 

a :natural drml1.er section in such a manner that the edges of the material 

overlap by approx:lmatel.3" 90°, giv1ng the tubular element a strength which 

is almost equival.ent to that of a seamless tube of the same diameter and 

wall th1clmess. The boom elements, ·when retracted, are stored 1D the 

strained, flattened condition 1JT wimUng them on a drwu. • When the boom 1• 

retracted1 the tubular element is continuous}¥ transtormed from its natural 

oireula:r section to the flattened condition by passins it tbrottgh a suitable 

guidance system. anie boom ~ b.e extended or retracted •~ bJ' rotat1Dg 

the storage drum 1n the eo:rrect direetion. It will be am,arent i;ha.t retracting 

the~ involves suppllins s-'.;rain enera to the boom material ea it tla:t;tens 

from its circulal" section.. ~e coiled boom, therefore., has a na.'L-ural 

tendenoy- to self-extend, thus provid1ng low pow-er extension, the drive 

motor acting mainl;r as a governor to limit the extension velocity. !hem, 

boom will have 130 in-flight boom retraction eapabilityo 

'I!b.eJ 5 feet ot boom eJ.e.ment 1s stored on a drum and is led through a 
guide sleeve 1lbich supports it as it ~oma from. its strained., flat oroaa 

section to its natural. tubular shape. Mechanical. po1rer transmission to the. 

drum b'Om the electric drive motor is by a spur gear train. l!oom extension 

ia automat1es.1..'.cy stopped when full leDgth is aehieved by the action of a 

*Proposal. f'or 40 :ffh Extendable Antenna '£or u,fti Satellite, :D!lfavilland 
Aircraft ot f'-anada, Ltd., Dcnmsvie1r, Olltario 
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microswitch in series 'With the drive motor being $Ct'usted by a slot cut 
in the tail end of the boom~ 

'fhroughout the de~ of the proposed system, close attention bu 

been given to eompac~ess., l,.ow ,reight and, ~ parti.cular, extreme re]J..a­

b:Ui~. 'l'0 this -end., tlle design has been ~f:ted wherever poi:,sible a~ 
use made of proven hardwre and technique~ .. It is considered that the 

proposed syatem repr~-~~s a o-aretul.l¥ balM9ed _compromise between the 

a~ requirementsr;i 
The fol.l.om.ng sectums describe soma ot the major meellald.cal feature~ 

of the boom mechanism: 

Eoom - '.lbe boom el~ consists ofl5 feet.of special.l,y ~eat-.treated 
:Beryllium Copper str:tp, processed to ~ts.in a high elastic limit stress. 
Ea.eh element will~ 2.0 ino w.l.de ~ O.OQ2 ino thick, the tbieknees 

being de~d by ~e s~sses impt?aed UJ.)OJl·tbe element as it ~ls 

f'rom its unstrained circular condit1~n '.to th~ flattened cODdition 
for storage ~esg 'l1h.e strip w.Lll fox,n ipto a tube o'f appro¥imate~ 

0 .. 5 ho diameter ~r,1,th 'so0 overlap. !file b®m element has been 

desigiled so that the .flattening stre.ssea are .suttiaien~ be1ov the 

elastic limit stress of1ilie material. to en~ a~ •rnlfflited 

eJ.ement fatigue life.. stNctu-Ta! ena~is reveals that boom materiai 

o~ this size 'Will ea$il;y witbstend ~e ben.dillg tnC!ilCts generated by 

the spec:lfted ~e in vehicle spin veloeity. 

Drive Motor; 
!he drive J119tor .1JJ a U? vo1t D.C. permanent magnet type, with 

a 3/41nCI f:rame ~ze .. It 1s complete with·an integral. precision 
gear head providing a 150:1 gear reduction.. A tinal gear reduction 

is made :tram the ga~e.d outpat shaft to the boom stora«e drmn by 

external JWl.on spur gears providing the desired boom extension time 

of 5ol :ti m:S.mites .. 
!he ~ ~ are d011ble ~~eld~, ~a,nle,s steel ~ 

races tmci are l_ubri~~ by OoEo 30p ~w ~~ presaure grease, 
aa is the ~he~o !J!Jj.s type of motor has umeraone extemdve 
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testing to prove its ability to operate in a space environment and 

peHavilland experience with this tn,e has show them to be ~~ 

satisfactory. 'l'esi:ia under thermal vacuum conditions up to 200 hffl,.lrs 

have sho.'lnl no <leterioration in peioformance. 

·au1~81:'1ce §ystem: 

The boom ma.iieriaJ. must be guided very precisel_y as it transforms 

trom the stored condition to its tubular shape 1n order to ensm-e 
smooth rel.iable extension. Over the years DeHavilland have developed 
a simple, lightweight, guidance ~ ,micb. exhibits these properties 

and will be used in ·the proposed desip. •• 

'l'his guidance system employs umgential element take ott, with 
automatic compensation for the decreasing drum diameter as the ·'boom 

element is extended o Spring belt tensioners are used to restrain the 

element on the drumo 

stru.cture and Materials: 

~e boom system is constructed from tuo fibre glass side plates, 
correctly located by magnesium and stainl.ess steel spacers. 1'he 

boom storage drum; guidance system components, and the extemal spur 

gears ere made _from f\Vlona All materials used have a proven ability 

to 1d.thsta.nd a space environment ~or lorJg periods of t:1me.. A]mrdm,m 

and magnesium parts will be anodized to NILJ.-862; and Dov 17 

respective~ o No other materials used require aurfaoe treatment a 

Satell1te Earth .Aspect InstrWnen.ta.tion 

It 'HU dee1ded to fq a MAGS f\ystem as a research and developnent 
experiment 'Whose performance irould not affect satellite operation.. Die 

to ·the short lead times involved, it ws decided to nv- an optieal 

instrwmmtation system of limited resolution but covering deviation angles 

from the local verrc1ce.1 from o0 to c;o0 o 'J!his inatrumentation ~tem is 

of sach a :nature that "1,lick look aata reducticm is possible without 

mathematical calculat10DS o 

The chief diaadvantqe of this syatem u that aspect.4ata 1s available 
oDJ¥ vben the satellite sees the earth fuU1' :f.ltum:Soated from horizon to 
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~i-iz?n. aroUlld 36o0 ~ !.thtls, when the sub ... sa.tellite point 1.~ $t· l,ocal .. /· 
~ for eJJY" spo•ii on the earth, aspect data is acourate. 

·DD.e to vehicle problems, it is not known whether the &\telliite 'will . . 
stabilize top up or -top doY.an. Therefore, it was neeeasary- t-, .~t 
the satellite for ei~iler possibility,. _. 

· it was deeided ·oo u.se.·.six optical sectors of ave detectcrs each, 
a to.ta.l of ·6o0 vide loce.~d eymm.etncsll;r 120° apart on .the· :tel and 

bottom h~spheres of the satellite co~ernaci. ·The emrth~s hor..i.~on at 

.the dee~ altitude :i.s at the ~enter o-f ~se. r:iectora (the 60° 1.t1gl.e) 

t'or an earth stab;i.lized satel.l.ite. 
. .. • • • Avsilabl.e logic circuitry in the satelli~ makes ii. ~tical. \i~ 

·Qequentiea]l~ switch ;B{- pot-1e.t>···oo.eaeh· ~f tlie··s1x sectors •.. ~e outpi:·~1 

of-these· seeto~ can then.,be connected together. and to the fivecommu1 
leve1 detecting dmces ,(Sehmidt Triggers). ~ at any partieular t.\n~ 

one sector o'Z £ive s~nsora (or deteeto~a): has p;~1e;- applied to it- an4 

.has its outputs routed to· .the 1evel. detectors ¥bieh a.re follol-red by 

mixing resutors,,. switching circuits, and a subcarriar oae.Ulator. '?be 

bflllic block diagram is _l;lhown in F-J.gur 4. A complete frame o.Z data is 

available every four seconds .• 

b Eerth ~~bas six diserete levels of"<>" V, l v,· 
2 V, 3 V, _4 v, or 5 V wiqh is changed to ~sp,nding trequene.y 

vari.ations by the· ~~ter oscillator. Given ·au 01.ttpttt reading at a 
J.)art:1.eular 'time, the output id.U. increase by l ·volt for eaeh sensor that · 

1Jij illimdnated. 2hat is., each of the ftve sensors increases the output 

reading by l volt when it .. is ilium:tnated b,y reflected light from the eartho 
!flie· detailed optic.al geometry of a seetor is g.i.ven 1n ii'1gure 5. Each 

sector is l/b}' wide, .and mounted cm a aoir· a»bere• 
1"" regarding the earth from horizon to horizon around· 360°, it appears 

as ~ din of -a particu.1.e.r 9'.ae at a par.t1eu1ar alt;J.tmle~ In the same manner the 

hemisphere of the satel.Ute ·w~th the three 8'~01"8 mounted on it can be laid 

flat aua dimensloned to the same ua1e as the earth. bae ~ sur.taoee 
.are shown ill Figure 6. 

- 8"" 
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ConsideriDS the inside of the earth eircle lit up., one can~ 1t 

over the satellite template~ mmre it r.elati.ve to the satellite template. 
Atty sensitive portion cf a sensor thus :.Ul.uminated ,11u add 1 vo1t to 

i'i;s o-wn see-t;or reading,. Thus the output reading of a ·seetor w.Ul. be 

l vol.t times the mmber of. its sensors that a.re illum:inated or·•part1al:cy' 

1lluminated. ~ measuring the distanee bei.."lveen .eeJriiers of these t,ro 

e:treular templates end using the length~engle :ratio neeessar;y to make these 
templates, one kno't-18 the angle from the local verti.eal to \lbich the satellite 

P>le is poin·ted. oncm three aecto1" outputs are known.. On.es these ~s 

are made, one can determine all :possible satellite outpu;ts for e. part.icular 

al:tit.wle before the sa~elUte is tn,-orbit~ A tentative list of 500 nauticBl 

mi.lea tollous: 

Possibl:~ ... Earth ~t Ou!i~ts for . ~ BM 
Olltl?H:t Q Min 9 Max 

Volts or :Drequeney ilesrGes Sireee 
333 0 ' 233 s 14 
334 7 

. -~ , ,· -. 7 
234 7 16 
224 9 J.7 
134 J.6 30 

l.114 lo 30 
J.2Ja. ,._a J.8 
~ 18 22 

12; 19 33 

135 23 30 

1lS 24 39 
044 30 47 
034 30 56 
035 3l 45 
oa5 32 '' 0'5 35 63 
OOJ 4o 90 
oa. '' 62 

- 9 -

Approved for Release: 2021/04/20 C05025730 



C05025730 
Approved for Release: 2021/04/20 C05025730 

• . -..........,, 

Q lY.d.n Q Max .21-lta~ 
Volts or Frequency De~es De,wees 

033 56 • 62 

014 62 65 

023 63 . 65 

0.22 66 67 

oo4 66 ·t5 

013 67 i>9 

003 68 '(2. 

012. 69 ,59 

002 70 ·to 

001 1l Tl. 

011 71 71. 

000 72 9i) 

It is to be noted that this list is tentative, ar.!'.al18emellt 0£ the 

ou.tpu.t rea.cl1np makes no difference, and there are .both. redundant ~ 

ove.rlappmg outpu.tsci Depending on orbit results mid length of time in 

orbit, the position at the satelli~ ·will pro~~:q be lmo'Wll to better 
~ ~-

than • ' . ...... ... . ....... ' .. ' .: " . < . '. .. , . ·• '• ... ,. •, .. 

Independent ~ ·sensors are also provided to deter.uine whieh encl of . . . 

the satellite is pointed earth.-w13.rd and therefore 'Wbioh uet of three sectors 

to read data :from• 

.... · .· 

ff?~~o/.~ 
Patr.tclt a. Cudnore 
Satellite RF E:,stems Seetion 
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Gravity Gradient Stabilization Experiment Payload 

Satellite weight - 65 ±5 lb. 
Stabilization system weight - 14 ±1 lb. 
Total Satellite weight - 79 ±6 lb. 
Dimensions - two.20" hemispheres separated by a 3½" 

equatorial band 
Before boom extension + 

Center of gravity - 1 -1 inch below geometric center 
Moment of inertia 

Iz = o.6 ±.1 Slug ft. 2 2 
Ix= Iy = 0,5 ±.1 Slug ft. 

After boom extension • 2 
Ix.= Iy = 77 ±? Slug-ft. 

___________ ......_ ___ Approved for Release: 2021/04/20 C05025730 

\. 
I 

34" 

.,. 

. ,, 

i' 

/, 

r. 
' 



C. 
' 

·Approved for Release: 2021/04/20 C05025730 
!~ t l ! ) ,J . . "'-.v' '- ~ 

BELLOWS· 

5TRucrul(AL 51-/EL.L 
SHELL 

BAR MAt;.NEr 

. CENTEJtiftl,c;-· -lY'ACrNET 
{TYP.:_-~_\Pf:.A--CE;~) .. • DAMPIN(i- ,FLUI.D .• 

FIGURE-2 

MAt;NE~l'T:CALLY ANCHORED Vl SCOUS DAMPER 

I 

.Approved for Release: 2021/04/20 C05025730 



C05025730 Approved for Release: 2021/04/20 C05025730 

1~_ STORAGE 01?.UM 

GUIDE ROLLERS I 
I 

-MOTOR Pl'IION 

DOLLED / FORMING ~ ~-

FIG.3 
E.XTEt-JDI BLE ·_[LEMENT, 
11-JTEGl<AL SPRING DJE.RGY AtJD MOTOR. , 

A55tST EJECTIO~· PRl~CIPLE. 



C05025730 

l 
-I 

__ ,_: -.- :. :_ ___ Approved for Release: 2021/04/20 C05025730 __ ~-·--------......:..------~ • . -

SCHMJP7" 

Tl?IG<;.cR 
s. r: 

SECTOR 2.· 
( BoT,()/vl) 

' "' t>-i ._,. I,, 

·V 

S"ec7t)R, "T 
(80TT~M} 

.._ 1\/ M 'V- ½: 

. . _C.Q.IY../.!1..£.C.T...EP_ -lN.. ~?.A R.ll.L. k.£1., . 
• Wt-r=H- -SEC7"01f ± ·-a-urpvrS 

_s, r. s.· -r. S, T 
" 

$ 

_____ _,_ __ s_· w~,T·--C-/I_I_N_G!..,..... __ C_I_R_C_l/_l_T..!S------~~----~ 

Sf.ID- CA'fitRJFI?. 

o5C/L,!JA,PR. 

X/V'IT R. 

FARTH ASPECT .INSTl?l.l/vJEAllAT/ON 

C 

. , . • . I 

-~. ·_; '-: • •• - 0 .-,~ ~-'.~"7 ~{''?;_:::.~¼?::-~·,Z:;~'..~;':)F°'i.;::Approv~d for Release: 2021/04/20 C050257307: :.0-=::::";r;::- •. ;. ~--·,-,: 7"""." -~-:--~---. · • __ • __ ----! 



C05025730 . 

I· 

l 
j 

' j 
l ---- ---, 

i 
l 
I 
I 
l 

I 
l 
I 

1 

J 
-1 
i 

i 
1 
l 

.. ·o Approved for Release: 2021/04/20 C05025730 
,0 

roll: 

I 
I ~-------! 

__ SEc-roR G--EO/l,-:11311? y ------------------------

Approved for Release: 2021/04/20 C05025730 

' '·.' i.' 

. /;:-. .. 



C Q 5 Q 2 5 7 3 Q •. ,_. ____ .... ,.: ... ~:: .. : .. _::.:a:~-:-_. :_~::;~~~~~~~~~;·~~-~~!7f~;~~t~~g~li1~~~~L2:~~+::•i.:•:c'.;,{~':_;i<q.S •:·\. 
I 

£ART/I AS?£"C1 
,' 

!. ' .. 

Approved for Release: 2021/04/20 C05025730 •:.: • • 

__ ::·._: .. <·1-;:----··, ·1 
~-~ •. .. . . , 

•·· . 

' 

J. 

I 

., 

,,,..- '\ 

t 

r 
l · 

I 


