
Ii—~ AD AOTb 372 ARMY MISSILE COMMAND REDSTONE ARSENAL AL TECHNOLOGY LA• FIG 17/7
GIMBAL PICKOFF TECHNOLOGICAL STUDIES. (U)
AUG 79 A RODGERS

UNCLASSIFIED DRSMI—T—79 81 NI.

I



TECHNICAL REPORT T-79-81 ,~ r’~ ~~~~~ //

;. 
,

•~~~~~~• • b~~~~ j
•~j  ~.a

GIMBAL PICKOFF TECHNOLOGICAL STUDIES

1 Aubrey Rodgers
Technology Laboratory

c~ I
W

i I
Augu 5t 1979

=
C-,

2
~~~~d~~tar o Ar~~en~~I, AJ~~b~~m~~ 38809

I 
Approved b r  public release; distribution unlimited.

7 9 11 09 006

~~ 1021, 1 JUL 79 PREVIOUS EDITION IS OBSOLETE



—~ 
—

(1

DISPOSITION INSTRUCTIONS

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT
RETURN IT TO THE ORIGINATOR.

DISCLAIMER

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN
OFFICIAL DEPARTMENT OF THE ARMY POSITION UNLESS SO
DESIGNATED BY OTHER AUTHORIZED DOCUMENTS.

TRADE NAMES

USE OF TRADE NAMES OR MANUFACTURERS IN THIS REPORT DOES
NOT CONSTITUTE A N OFFICIAL ENDORSEMENT OR APPROVAL OF
THE USE OF SUCH COMMERCIAL HARDWARE OR SOFTWARE.



UNCLASSIFIED
SECURITY CLASSIF I CATION OE THIS PAGf (*?..n Dat. l~nt.r.d)

REPORT DOCUMENTATION PAGE 1 E3EF ORE COMPLETING FORM
~~~~EPORT NUMBER 12 GOVT ACCESSION NO. R E C I P I E N T S  C A T A L O G  NUMBER

1—79—81
4. TITLE (a.d Sobtlit.) S TY PE OF REPORT & PERIOD COVERED

r ( 
~~ 

G IMBA L PI CKOFF TECHNOLOGICAL STUDIES , ( ~~~TE~HN I~ AL ~~,

1 . ~€NFeNMme-eNe. -Re -44~M$t& -~~~.‘

7. AUTHOR(s) . B. CONTRACT OR GRANT NUUBER(.)
-

Aubre)/ Rod~ ers I~ ~~~ ~~~~

S. PERFORMING ORGANIZATION NAM E AND ADDRESS ¶ 0 . PROGRAM ELEMENT. PROJECT . TASK

Commander A REA & WORK UNIT NUMBERS

US Army Missile Command __

AflN : DRSMI—TG (R&D)
Redstone Arsenal, Alabama 35809 ____________________________

It . CONTROLLING OFFICE N A M E  AND ADDRESS ~...— .12.. REPORT DATE

Commander “7/ ) Aug ,J 79Command 
~~~ ~~~~~~~~~~~~~~~~~~~~~~

Redstone Arsenal, Alabama 35809 21
14 MONITORING AGENCY NAM E & AODRESS(I1 dl U.r.n t lroa. Controlling Olfic.) IS. SECURITY CLASS. (of this r.port)

Unclassified
IS.. DECLASSIFICATION /DOWNGRADING

SCM EOULE

IS. DISTRIBUTION STATEMENT (of this R.port)

Approved for public release; distribution unlimited .

17. DISTRIBUTION STATEMENT (of h. abstract snt.r.d in Block 20 . II dluf .r.nt f ros t Ripen )

_______________________________________  

DRSMI-T.79_8 1 
_______

IS. SUPPLEM ENTARY NOTES

IS. KEY WORDS (Contimna on ro~ .ra. aid. ii n.c.aa. ,~’ osd ld.ntify by block numb.r)

Fiber Optics
Polarizing beasisplitters (,imbal Pickoff Technology

\ Radiant Energy Sheet—type plane polarizers

Pickoff Concept Detectors

ABSTRACT (Cos~~~.. ~~ 
,~v s  ~~~ if ..~~~~a..sty osd idsnfli ~ by block nu.,b.r)

• The purpose of this study and analysis is to employ more sophisticated gyro
gimbal pickoff component technology to replace existing pickoff designs. The
existing wide gyro pickoffs experience gimbal wiring and slipring torques,
potentiometer wiper lift off during flight environment , noise, increased
friction, and assembly cost. The goals of this study are to gain a better
understanding of the pickoff error mechanism and to utilize the major
advances in component development, materials, and manufacturing techniques
as applicability to the design of inertial instruments.

DO ~~~~~~ 
J473 EDITION OF I Novel IS OBSOLETE UNCLASSIF

SECURITY CLASS1FICATIO OF ThIS PAGE (WItan Data ~~~~~~~

~~~ 4~~1
-. — . 

_______

L ~~~~~~~~~~~~~ -. ~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ i-—.- -— . .



CONTENTS

Section Page

~~, 
Introduction 

2. (iimbal PickoiF Component and I echnological Studies 

A. Radiant t nergv Source’. 

B. Fiber Optics 
C. Po lar i t ing B eamspli tt crs  8

I). Ihin Film or Sheet— I vpc I’lane I’olan,ers 9

F. Iktcctors 10

3. (iimhal (‘ickoff l’echnologica l Mechani,ation Studies 10

A. Radiant Energy Pickof i Concept 10

B. Thin Film Plane l’olar iicd I ntCfls it~ Pickofl Concept II

4. Conclusions and Recommended Program to Prove Gimbal Pickoff Technology .16 

-. - ----

i’
i n U~ cd

i~. .~ 

• 

~~~~~~~~~~~ 

‘

~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~~~~~



-. -- ~~~~~~~~~

I .  INTRODU CT I ON

Ihe purpose ot th is studs and anal s is Is to emp loy more soph isticated gyro gimbal pickoff
component technologytorep laceexis tingp ickoltdes igns.The existiflgWideaflg legYrO PiCkOffs
exper ience gimbal v.iring and sl ipring tor9ues . potentiometer w iper lift off during flight
environment , noise, increased Iriction. and assembly cost. ‘the goals of this study areto gain a

better understanding of t he pickoll error mechanism and to utilize the major advances in
component development , materials , and manufactur ing techniques as app licability to the
design of inertial instruments..

The purpose of t he task is to study. analy7e . and recommend a pickoff concept that will
satis t~ the fo llowing minimal requirements:

• Operate in an environmental range from 100 to 1 500 g’s.

• Mission time from 35 to 70 seconds.

• Fast reaction time less than 100 ms to minimize user ’s exposure t ime and allow maximum
rate of lire.

• Wide angle gyro mechanical degree-of-freedom and pickoff range from ±45 to ±65
degrees.

• Small volume and light weight for projectile or missile diameter size less than 155 mm
0.1).

• Cost effectiveness as an equal parameter with performance, a major criterion for the
subsequent tec hnological concept studies.

The objective of this task is to fulfill the concept requirements and potentially rep lace existing
gyro designs that are used in high velocity, small missile systems for the 1980-90 time frame.

2. GIMBAL PICKOFF COM PONENT TECHNOLOGICAL STUDIES

A. RA DI ANT ENER GYSO U RCES

The performance. reliability, linearity and threshold current of laser diodes have improved

substant ially in recent years. It is now possible to produce a laser diode with a threshold current
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that emits .t minimum of t is  c niilliss a t t s  of ptts% ci ss ith a pied icted lifetime of over tO years of

operat ion

I hese ch.iractcrisl ics make it Jc.ii t hat  l.isei diodes ss ill he a dominant radiant energysource
in fu urc t ibet optic desigiis Quanti s demand ~ ill allos~ production of laser diodes at cost .

. t l I s I s t c I l t  ~ it h those of curient semi-conductor components.

I emperat nrc ~ a t t  .11 enS ii msncni I hat a I fee t ’ .  the reliability of laser diodes . 1 0 minimi/e

t his ct lect . a heat s Ink matci ial is deposited on the laser chip. l’he heat generated insidethediode
is dissipated immediatels into the Lii gc .11 ca of high thermal conductivity for efficient heat
ext tact ion.

I aser thresho ld curieni is t S pica lls about 100-300 milliamperes . its risetimeol radiant f lux is

about 10 picosecond’.. the operating lemperatu ic is from 0tob5’~Cand t hestoragetemperature
is from - 1% to 140 C. Ihe source is usuall~ mounted in a hermetic ‘10— 5 pac kage.

(ia lti ..m—arsenide (GaAs) 01 ga llium-aluminum-arscnide(( iaA lAs ) laserdiodesemit radiant
energy at f ixed wavelengths at $O( ) to 9(8) nanometers . Ihe laser diodes emit incoherent
rad iation when elect ricall~ energi/ed s~ ith low power.

As the input power increases , a threshold is reached above wh ich the diode begins to emit
coherent radiation. Abov e the threshold, the opt ical bandwidth becomes narrower than for
incoherent light , and the coherent light increases sharp ly as a funct ion of power. Combining
laser diodes increases intensi~~. hut only at higher cost and wit h lower beam quality than for a
single laser diode.

A typical laser diode that emits 5-mi ltiwatts of continuous radiant energy at 850 nanometers
can produce a relatisely narrow beam spread . ±5 degrees. in one parallel plane. This narrow

output beam produces a well-defined radiometric cent m i d  when reflected by the gyro rotor

surface and intercepted by the detector.

l.aser diodes can launch considerably more power into a fiber optic bundle, but are more

costl y and require more complex drive circuitry than fi ght emitting diodes (LEt)).

A good radiant source for fiber optics is a small. bright , fast , monochromatic and reliable

unit. A small energy source is efficient. h igh radiance assures that plenty of radiation gets
cou pled intothe fiber optics. A narrow spectral line w idth helps keep the dispersion in the fiber

low. And, of ’ course, the radiation source must have a lifetime of thousands of hours.

- . -. .. ~~. .~~~~~~~ ~~~~~~~~~~~~~~~~~~ - ~~~~~~~ _______________



I .isct diodes and I I I )s 
~i ic  nos~ lwi tig des eloped ss it h I actoi assembled I iber piglails

.it tached to as oid the need t ot  a fig n mciii of Ii bet to des ices s inai lei than a gi .iin ot sand ( )nls a
simp le so urce- ti her -seils~ Ii iii c r 1 ace is i C~f uit ed I he I I I) . .i dependable solid state des ice. is

~~pabf~ of Ii .ifls n hl t tin g niinfei’atc opt rc~ii poss ci at niodtilation ta te ’ .  in the t ells of ineg.ihctli

B. II Bl R UI’ I k’s

I ihet opt ics is based on the .i hilit~ of smoot h s it  and’. of ii anspare nt mater ials to conduct
i ad ia Hi enci gs ssiih high ef I ic icnc~ I he’ radiant enei gs conducted h~ a t i her is ref lected f rom the
ss .iils h~ tota l intei tia l reflect ion made s it uallv loss less h~ coating in cladding the ss all’. ss it Ii a
rarlsparent laser of matci ial has ing a loss ci re f t act is c index than that o f t  he fiber. I he cladding

pi otect s the fiber interface t unit set atches and dust and also pies ents leakage of radiant energ~

Opt ical fibers ~ ~ made ~it glass , optica l plastics , or fused sil ica. Glass tibet ’ . are used in
app lications rce~uirIng i ad iant et iet gs t rans fe r cit het in f lex ible htindles or in rigid fiber optic
face plates. \ face plate is ma de fro m a large number of short fibers aligned side by side an d
fused toget her to form a solid plate. I his t\ pci’. used to transmit coherent radiant energ\ images
that can he s ieved under bright , direct light) . Plastic t ibet’ . are used in loss —cost illumination
applications. I used silica fibers arc used as loss—l oss transmission lines.

Bundles of t i bet’ . w ithout an~ systematic alignment of the individual fiber ends , called light
II ai~ ,~ui le i . ai e used to transmit i adiant energy along flexible paths for various distances
depending on the attent iat ion properties of the fibers , ,.~~ was e guide that consists of cladded
fibers grouped toget her is known as a non—coherent hundleand probably is the most widely used
of all liher optic components. I he diameter of ihe indis idual fibers varies from approximately
Si) to 200 micrometers . I he bundle iss er flexible. ss’ ith minimum hendingradiusdetermined by
the pi oteet is e cladding rather than the fiber ’ . lhe terni stt ’p—in de is applied because the index
of refraction o f t  he core is c0ilst~tflt ss ith radius and is I to 5’~.greater than that of ihec ladding.

Because ot the princip le of total internal reflect ion, rad iant energy is retlected at the
core cladding interface and thus guided through the f’ihei’ . Common types are:

• Sil ica—cladding silica—core (the lowest—lo ss , hi ghest—bandw idth) .

• Pf.i’.t ic—cladding silica—core ~suilahlc for moderate distance ) .

• l’Iastie-cladding plastic-core (high loss) . Special h u e d  silica and modified silica opt ical
fibers hase attenuation ’ . as low as 2dB km in the near infrared portion of the spectrum.

c
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Attenuation in ei t he rt~ peof f i ber is caused h~ absorpt ion principally duetoimpuritie s inthe
core materia Land by scat te r ing ducto inhomogene iticsand inclus ions inthe core. An important
consideration in the manufactu re of low-loss g lassf ihers isavo idanceofwater absorption asthe
glass is processed. In a modified doped-depos ited-s ilica process . hydroxal- ion content is very

loss: the resulting iittenuat i ’ii is ser ~ loss . t~ picailv 6db km at 850 nm or fused silica f iber
having 20 to 100dB km.

It the fiber core is free of inclusions or defects sshich can cause radiation scatteringand loss, it
wi ll disp lay an intrinsic scattering caused by density fluctuations.

Attenuation of fiber optics is customarily expressed in decibels, and is usual ly normalized to
one-k ilometer reference length. Thus, from powers transmitted and rece ived over a lengt h off.
kilometers.

I

P rec ’d
Att enuat ion = 

10 log10 P trans (dB/kin) . (1)
L

Optical-power loss cii n be thought of in the same way as the ohmic loss of conventional wire.
for which the linear resis tance is known and the potentiaJ drop is easily calculated.

Attenuat ion of a particular fiber is a lu nction ofthe transmitting source ’s opt ical wavelength.
In comparing fiber specifications a designer should consider loss figures for a given wavelength,
such as 850 nm.

A radiant energy pulse entering an optical waveguide undergoes an increase in bandwidth
ss h ue traversing the length of the fiber. This is due to both material properties andthe geometry

of propagation. described mathematically as modes.

Bandwidth is limited by the broadening of pulses being transmitted through a given fiber.
Such broadening occurs when different modes arrive at the sensor at different times. This model
dispersion is due to the unequal mode velocities and obvious path-length differences in step-

index fibers. Step-index fibers are those in which the index of refraction is constant in the fiber
and has an abrupt “step” at the surface. Some fibers available are:

• M ult i-step: having more than one abrupt change of index of refraction.

6
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II

• ii .ideel-i itdex I iht’ i . in ss hi~f i nd.’ . of c’f i ,iet t~ il ‘. , t i  es in the t ibe t , usualI~ deer easing
.ippi oxiiii~itels pai .ibolic .itls Ii inn i Ii~ 1IIi. ’ I.’ t i~ s i i  .~~ e I lie pai ah i i t i c  i cli .ict is e—i i ie fe s
pr c it uie ol .i ci .idcd m ete’s tihei gi c , i i  IS i i ’ ,] iic~~s ~Ue ’h ~J spei s ion .i net , . m s a  result , a gra ded— indes
iilx’i ~.iit has e’ suhst ,inti,tils gi eatei h. i i tc f s~ idth . misualls ‘.esei ,il hundi ed ntegahert~ lot a I km
i etet enee lcngi it

• .\ not het itnpoi ta lit optica l ~‘.i I .1 met ci ot inte r t’st is the nit t il er ical aperture. I he numerical
.i~’ci h u t ’ \ ui ’ . .u ine.isu: e 01 i ite uit , i \ iiltiiiihiccs’pfailt ’i’.iu)ci ( ’ L’i light pu opagalion in the fiheu .
at angles tat get than this , the’i e’ is no Itirig et tot a l intei ii,il etlect ion

NA s in :~ -

I
ss here 0 — one half of the input co t c anefe

it index of te l t  ~tct ion of cot e

n = index of r e t  i act ion of cladding.

I hi’. is the sine of the half -ang ie ss it hut ss hteh the t ibet can accept ot iadiate etse rg~. 11 igh

numei ica l aperture in ipl ics gi c,uci coupling ett ’ic i cr tcs bets’. ccii the radiant soutce and fiber
I bus .u high \ \ tibe t can he used ef fec t i~ ef ~ ss ith an ine\pt’nsis e loss —hr ightt tess 1 Il) f lo s s es er .

\ ‘\ i’. .i function of the co re r o-cladding in dex dii let ence. I oi this reason , an increase in \ ‘\
usuatls is accompanied hs higher ahtenu ,ution arid loss er handss idth.

i ,tei i .u i i t cnerg~ si .ii e guide applications . i t t ’ .  possible to rnodit ’~ the end conf igurations to
.ins dcs ii ccl geomet i t ea l t o t  iii ~ itet u,it is eh .cine bundle nsa~ bed iv ided imtsscs c ral hranchesto
pros ide ses ci .ul t adi,int enei gs cliii p it t ’ . In such arrangements . only t he t o t a l ar ea of ’ the fiber
hit nsf Ic in ust he rn,i i iii at ned .it hot It ends of t lie ‘.~~ stem since the itis i iv idual f i  hers a rc of u nil’o rm
s i,c

Once .i suitable energy so urce and the fibe r optics end geometrical form is seIcc t~d , the
pi ohkm noss becomes one of elf is’rent 1% co up ling the energ~ fr om the so urce o the fiber o pti c ’s .
.urtd then ex t  n.uct tog the enci ~s In ciifl the f i ber and coup f ing ii t o a sui t ah ledetec t ot . I or a gimbal
pu ’ k o ff meeh.in,,at ion, an o pt ical lens int er t , iet ’ is pi oposed Simple tense’s .itt ’ used bets’. een the
soni cc and I ihe’r and t he tibe t and detecto r t o m c i  c’,ise t he coupling int o and thu of the fiber. In
the sour cc . the st.indat ci optical formulas at e ’ used let select a lens and t o achies e spacing
elt st.urie ’es t hat ss ill focus the I F I) or laser diode radiation on the fiber end with a converging
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I

beam that matches the acce ptant e’ .iut glc of t h e ’ f iber I. )n the receis t ug end , the
dis ergi ng hea in ot rad mat iou f t  out t he t ibet us cale -ui Ian ed .i :id a u ut ahlc le n s chiose’n to collect
his cuter g~ and eoinpletei~ I ii~ ii ’ . it onto m lie s ensmi is e.ti ca c I t  the detectoi ‘s ote t hat losses due to

t he reflect ion It out the ends of the I ih~i s ‘.5 ill still ,iee’n I

I ftc dutfer ence hct~ ccii the uad i ,it uc i r i s o u r cc poss ci es ci and t i le ’ p055 er Ic ’. c i t  c’e~tt ired at the
dciectoi lot .i go en s ign a l— n 0— noise ’ n .ut 10 ‘ L et  med the ~‘o~i~’ i I lentents of this budget are the
input coup ling losses . t iher at tenuat ion , at id out pun coup ling losses Each oft hese elem ents can
be e’st imated and their  turn cornp.mred t o  the Loss budget no deter mine link feasibil i ty . ‘\ usual
conclu sion Ill .1 f ink anals 51’. i~ .1 s a lue liii tihei loss ri d B km for the gus en distance.

Pres e nt l~ , the f i be r opt i~~s appe at t o  he on the brink of a technolog ical explosion tn t he field of

~omrnunucj n ions. Recent hre’a kt hroaghs r u m producing loss - t i’.’. Opt mcal t~bers .11 c approaching
cheoretic. it  units In nii lut ,ur~ ~m p p l i catmouus . the eh i ,tt ,tC tt ’t IS I I L S  ot small ‘.uie . loss sseight . rio
emit ted radiat tori , in ter fere n ce u mmii nit~ . , u  rid rad iat ion hard ne’s .ure important . l’he
rep lacement 01 mu It mpfe gi in hal ss it e’s .m nd slip ii r igs se it ii .m sing le f t  her hutid le ts cost sas trig’. atid
actualI~ itupress e~ rcIiahiIin~ . Opt cat t i her s ar c completcl~ no n—u nd uctis e and non—capact ise.
s hield rig a nd fi l terin g ,i re eli mu flat ed

Mea nsi hile . des elo p ment s in rad iant ens erg~ sources , fibers . polat i/lug beamsp litt ers . thin
film pol ar iie rs . and inte ns it ~ position sensing detect o rs are making ititegrated optical gimbal
pickoft concepts look ser ~ feasible.

C. P01 ‘~RIilNG BE \NISI’L.li’FFRS.

Po Lurmiing cube heamsphtltc rs consist of ,u riutr ~if identical right—ang le prisms, wit ft
h~ potenusc faces cemented together with a special mult ilayer of dielectric film vacuum
deposited upon one of the hypotenuse laces.

lhe cube heamsplitter has several specific advantages oser flat-plate heatnsplitte rs and is
widely used because (if thes e. It deforms less in responseto ex te rnal mechanical stress or inertial
load, and most important ly, it is I’ree of ghost images . If gus es excelle n t performan ce over wide
ranges of angles of incidence, is rugged. eas~ to mount, and ideal for beam superposition
applications.

Monochromatic unpnlari~ed radiation, w hich us orthogontallv incident upon the external
faces of t he cube and internally incident at 45 degrees ttpon the multi laver . is se parated int otwo
polari,ed beams whic h emerge from the cube through adjacent faces and in directions whicfsarc
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c i i  l i Ck  IMi ~l~’~ rcc ’ .  ,mp. m t t I he i’~a m n r  te f i l e  ii ~‘.msscs s t i  , i it ’ht t h u oug ir t i l e cube emerges il,ut ie

r~L .ui .~ d t~ .m ru it ’ . ~~ ‘C ’  c c t  ~~ ~t~~i s~ ~t ii th e t i ta n ic ’ ‘‘~ I f it ’ e lec t  ~ tic ’lel C c i o l  p~ui~m iIe ’l id
t h e  1i1,i,ic ’ c i t  l i l t  t I t us  ~ cle ’ t i i i ~ t I 1 5 h i t  i i iuu l t u l . i ’ .  t i  t i hui I i/ e ’ciI I lie he,uint CC 111111 e’t llCl Cc ’ s

I t c m l  t Im e ~uhe .11 1 im ~il t .IiiClc ’\ r ot is llicitle ’ui t ti t’.uiii . fi. m s l ic be’cui mel  le’c t e d  hs t i le ’ t nultul,is c i  t i lt i i , is

.m ls t ’ 1u 1.i ,mc roI.li ‘~ d t O  .1 1 i ( i l  i t ’ .  ,~~ 
1~~\ lic i c  t’ f l t  t il f it’ t t t ’i I h i s  tu lle’ t h e e’ tc e ’t i  it luc Id \ e ’ct ei t

,ii t t i ~~~c iii,t I to t t ic ’ pLmri e ’ of ~ic tl~ ns c us 1h ’ Irrme d f o r t h e  inu lt iL ms ci h int I ’’ s ’ pc if ~mn uiecf I

I om uit pc il,ui ‘ ccl uiioir~’hr oiti ,It i~ muipu t  an the initeumded ssas e’le’ngn ii. .mulc t si it bout t h e  usc cit j u t s

is. ’ t , i i t t t ’i , these hc~ui rrs p h i t t e ’ ns .mlm e a s s  ,ichl ie ’s c .1 C i ’ .  ,i~’c i J i , i t e ’ I I t ah i t i  ie ’g~u ic ihe ’sst ’ f he’.m ntsp l i t tet

c m t l~ ’ i i t , i t i d iii

I) I lIl\ 111 \I OR SIll I I l \  l’l l~l \“s l  1101 ~Rl/ l  KS

I lie enter gciit I ,ici iat it i ti  t i  cmi i i  t h is ’ c u b e ’ be’.uiiisp lu t t e ’ t  is pLit~e’— p ~~au i /Cd  I he pol~ut i/ i t l g

1fui Cc ’ t ic it i is ~‘ ‘ i.mhhishie ’~l cliii m u g  t lie uti~m trmmf. ic t mui  itig pi O c t ’5 5  t it t ile’ ~‘ubc ,uiic l n lie’ heat iisp litt cr 5’. ill
c it i ls t t  ,tt isrllit ‘‘ ii ’ jmol~m t uia t 1 ini ,mi icl t e’f t e ’e’t ‘‘ ‘. polai i / .u t ror l  I he’ unas,utiiuni at itout it ci t t ~m ciuati t

c’ r iei gs , t h.mt is t ime ’ i t i t t ’ u l s l t s  , si hiuch ~‘,m t m be pol.iu tied i~ mist ha lt the uinpol~u u ute d ine’uetei it e’ t l e’i gs

If the nnci~feii t he’.mm is ut ipol.ui i,’~ ci ~itic1 t he’at ig Iet~ is de’ti i ie’cl to he t h e ’ ang le bets’. ee’ui the plaits’s

1if the ’ p i ef e i  ie ’eI ‘‘p polau l.’ . it ic i rm ol t ’ .% o polar ui e ’r ‘ .icitbe pof.it iie ’l antcf t hin h I m  pol.t t uie’ t h  in near

~‘ot itact . it c,mn be stiose ii t hat t h e ’ “p” pol.it i,’ ,mtio ii r t i t ensut~ I s a n t e ’s ss it h th ae’co ieimnig Let

I — K
1 ~‘. s in  ~ + ‘~(K 1 + K~ ‘I ~‘os t5 . t.t i

k ,untcl ~ ,ui e’ t lie’ p r iiic ’ ip~il Lu , i i i s i i t i t t t ’i s ot t h e ’ j ic m l , i t  i !c ’i s , ,mtid both at e’tut ic tuo t s s  cit ss , m s elc ’t i g t fi
is ,mIss ,is Se m it ic ’’.’. hat It’s’. ii,uut miii it ’ . , a rid k . at ’.’. .ms s has sottie suita ll hut t iot mic t 0 5

1 bet c lout’, t he Li at is iui t t cd “ p” poUt ‘ ,mt iott uult e ’iisit\ of t he ii.uii is appu c ixmnia ted h~

I — I 0$ 1,1
at

ss here I .. is thit .’ niaxitliuitu ‘. ,iluc of t he n i .mn i s r l m i t t e c i  ‘‘ p” pol~iu m!ation ut it e ns it\ 5’. hen equation .t

e’qui~mls I .~t ~ K ’ I ~‘os~0 l iii’. t it t i u r  ‘ .55 lien t tm ~ po l,i’ i.’ ir lg thu ee’t uons cit both polarizers axe ’s
• a te pat .mlk’ l \1 mu mu un “p” polai i . at lc ~ ul is t t ansnuittecl ‘.s hen t l ie’ t’.’.O poLun ile’r s a  ses a te ’ ci osse ’d

l ilt ’ degree’ of polarization is s i t t  u,ulls itidept’nde’tit of t he mn cn cienc’e atigle. I utie’at po lat u /ens

rur ,ts he’ u sed, therefo re, in hig hI~ cmsn ’ .etgc’nt cii di’. ci gc’uit ht’atiis ,mnicl still piociuce unutctrtn
pol~it izaf ion

C)

_______ I .
~~ ~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I

Pnesenr t i c c  l rum ~s I~mg. auud i,m hi ic,i t i , m l i  i cc  imumiq i u t ’s ind icat e ’ , icc e 1mt ,mhle pci for  tuat ice ten n hu nt f i ln ir

pe ilai mlet

1)1 II i’ IORS

\ chm .’ t ec t e mi  senses e’lect r o n iag uie t ic t , t c f ia tuoul . ine’ hmu dir mg , i \ C i  lig ht . ,uuicf j m i oc luct ”. c hect t  ic’,ul

output that is pro p0rt ic i r1~ml t o n h eo pt i e~u l  input I hm is e lec t i  c a l  s i~~ii.it t ,tIi he’ meas ured d ire’ct l~ c i t

used to clii’. c electro n ic cii e t u i t i s  I tic des clopineuit ,muici prodmm ct iot i  c it ,ull t~ pes of s isuhk .mnd

trial i u i fua t t ’d detecto rs .ui e a’ . ,trl.m hlc Som e’ ,u i  C

• 
,si lid .oti

• (
~ old-at it it t iot i \  eici~ t’tt gei nman iiti t i t . ii R pc

• I cad sulf ide .

• I el lurium

Mc sst  commerc ial semiconductor sources eui’uit at ~0Oto900 tim. \ sigut itucan t t renid . liosses er ,

is des elcm pmeuit of em itter s ,mnei detect o rs fo r I ,20t) to I .301) rim spectrum portion ss here t h e

att e ntuatuo ut of fused-s ilica optical fibers is very low. Mes t  niatiutactitrers can tailor detector s

to requi re’ntienits to n  s i/ C .  speed of response . optical triuiiniinig. noise equivalent power , and

packag ing.

3. GI MB.\ l PICKOFF 1TCII NOI.OGICAL MEC UAN 1Z .’\ lION

S1U1)IES

.\ R \l)l ,~\ I I:NFRGY PIC KO }:F (‘oNcI: Pr

~ gi m bal p ickof t con cept for ss ide angle’ tw o_ degree-of- f reedotu g~tos us proposed using a

con iibiut ,mtm oni oh liherophucs and radiant et iergv source dctect or s f o i  low torque gimbal hotusinig

position inl’orntat%Ot i. the  mode of operatiout b r  the gyro  ccsticept is a sustained rotor altitude

ty pe instrument.

1 he pickoff concept can he used on any two—dcgr ee-of ’-t reedoflt gimbal g~ to.  i’he ads an t age

cii the rac li an it eu le r gv pickoff ’ concept is that ut eliminates gimbal wiring torques. [he gimbal

potenhioufleler t~ pe pie koff ’ and s lip ring designs have beets pro hlct n areason pres ent gy rossu c h

~ iper l i f t - of f  durinig flight e ns  uronnient, t iouse . increased t’rict ion. anti ,issenshl~ cost ,

10 

—rn- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _____



I lie’ es i d e ’ au ug fe g’. t o  e’cmu lce ’Iit I I l ,u.,’ ll ? ’ I) e’ oui s i s l s  tII au i i i n mt ’i m’ ir i i hial Iranie 1 I). spun heariuig
s f u , t f t  12 )  ili,it is ~uttac l i e ’d t e l  t hus ’ uui i i e ’ u ~u nutb ~uI Ii , i i t i s , t tOo t I ‘ I ’ . ’ .  hitch is cl e ’coupled fron i the shaft
t hu imug h hc,ii iutg s (4 ) .  imu t c i gui ri hal Ii ,uune’ Ot es hi ic ’h is elcc ’t tui p led ft  ci t ri housing (i) t h roug h
ginubal bean trig ’ . ( 7) . I mim i cu grm ni bal ii au nt ’ I l i i’ .  de’c’~mtip k’~f In l I r r u tuu t e ’i giun u hal f rame( S)  t h mtnagtt
beau ings 1~~) .  Re’f le’t’ti ’ .s’ u u t i u t ie f lc ’et is e ’ pa tte ’i il l IW i’ .  f , ih iu  ca nce l  i m t l  n o t c h  Of external sur face.
h ubeu optic ’s 1 1 1 .1 I .iic l o ca t e d  c’o t ie ’ t’ u l t i  is ’ t in ought a hole’ out oute t gi m bal shaft ax is( 13 )  lot
t i a i i s n n itt eel reflect ed enie ’ t g ~ p~it hus h o u r e’uie ’ug\ sdi i i ie ’t’ to uot o n neh hs ’e’ t t ss ’ non—n ef lectise
pattern and back to st ’iisoi 14 )  Refe t  d i c e  i i it t milie ’ u ( I) pm ov ielcs c rle ’u gy source and data
p i ~ ee’ sso t  se’nso i / d ccl i l i t l i c ’ s iou ntinei gimbal pucko fh posit ioti seur som . Outer gimbal shaft ( 16)

pros tiles ~u met Ice’t ive that s i t i  has ’s’ 1 17 )  for uutc ’m girui baf pos ition se nse. Refe rence niumuh en ’ I ~
)

Pt 0’. tel~s e ilerg\ soul cc auid data pu oeess uurg sc ’t isoi e lect tonics lou emitter gimbal reflective
situ face t 7~ posit iem t i inte ll igeure ’e. Refe’ u euie’e’ urut iibe u t 21)) pu ov ide’s gimbal housit ig cage and

gas e’nre igv h e ir t otor (3) s pu r t—LIp ReIe ’i e’ne ’e nut m rihc ’m 2h  provides ‘.1 ored gas e’nie’rg~’ for rotor
13) sus tait i supp ly. Rs’Iei e’utce’ nunibet ( 221 us ati ope’ui shut salve lot the sustainer gas bottle.

I sp losis e’ t ics ice ~23 h i s  used to act u s ate t o t c m u spi n-u p au th to utm cage gimbal I row housirig(ô .
lin e unc’age’ act isat ton opens sa lute ’ i22 ) I hi t is ue ’he ’asing et letgy to susta in uot e m i (3 ) anti
autoniatucall y e’losiui g ei it iai ices to spuu i—up hurts ’ ( 21)).

Ihie opci .utuorial cycle of ’ tI me ’ itier n nal unstrum eust is described : ‘\ ii act ivated explosive device
23) eneu gizes rotor (3) to required angular unouiieiit urn. I s tiat usted spin—up gas supp ly retracts

gas liuie 20) t tit us unc uug ii ig gimbal ( 1)1  rom housing (6). I he unc iug ing act ion opetis sal’ . e( 22) of
stis ta in bottle ( 2 1 )  aurel ~utu to uiua t i eal lv closes sp in—t ip line’ eiltuaiice ( 21)). Gas bottle (2 1  ) pros aIc’.
gas energ y n hrouug hi Si iii ha I ( I I spimt—U P rio/I ks to nra intL a in req ni ned s tusta i tied i miei’I j ul rc’f ’t’ience
m pin. Ni iss u e’ hotly niot iou coup led t hroug ht Ilous iiig(6) is seitsed by t h e  niierlial reference patter ul

10) and giiiihal shalt ref icctis e sur lae’e ( 17) . Radiant eniergv transmitted tro u t ( 15) 1 hrough

tibet-opt  it ” . t I I )  and ref lected I rouur pa(tc ’rn ( 10) us ret iii ned through f ibe r—opt ics( 12) onitoeuieugv
s e ’ i i sdh t  e’lcct I c h i l i e s  I 5). l Ire’ processed radfiuu it du el gy data repiesenits a diguta l fort u ofthc inner

gimbal angle’ bet ween t he in e rtial referetuce ’ (3) unti l hoius imrg(6 ) . Reference nu mber( 18) pu civ ides

transmitted rad iant energy onto rcflecbive surfae’e (17 ) arid returtis to energy
sensor electronics ( 18). Processed ( 18) rai lmant eiierg\’ chita repi’esents an autal og signal of ’ the

oil Ier g iut ih iu l angle between the stabili zed iu ierti al mefe u ’enc c surface ( 1 7 )  and housing (6). Ib is

conce pt provi des nu iss u e hod attitud e iuif ’orniation by utilizing hod~’ tuounited radiant energy
s ottrces and se n is o rs to itteasutre the atigle between t h e  inert ial u’el’ei’ence (3) until uiiissile hoel~
(6 1.

U. I IIIN I”Il Nl ,) I,AN,: I’OIARI/I- ’l) IN I ENS, fl l)Ic’Kol:l~(’oN(’Fpl

I lie t h u r  f il m platte poi;iu uietl u t t t e ’ ul s t t \  piek off coutce pt u s e ’s a stabilized plane of poiaruiecl
riuf iauit ens’rgv to uneasure angul~iu posit iomr ahotm t ii stab ilized axis , Ihis gim bal pk’kobl ’eouicepf
iS ~~i opo’.e’tI hot low—cost design ttsing optical teelimtoIog~

I I  —
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Figure 1. Sketch of the two-degree-of-freedom gyro with radiant energy
pickoffs .
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I he ss ide-a uig le t hut I iliti pla nit’’ pcml.i u uied pick ci i I concept i i n ,i~uri ’ 2) consis t s of a stab i li zed
git ith.uh Ii ss hiut ’ lt is de’e’oup le ’eh It c m i i i  i i c i i i s i i i ~ ’ i2 i  t hi icmiiehi he,ut umrg s ( 3 ) .  A u uut pohau tied ma di au it

e’ncig’ . so u ic ’ c ’ 411 ’ . see’uu ie el t im ht c iu s iu i ~’ I .~ I \ tihe ’n opti c pa ihtOf is nicm uu inesho nstah uhued girnhah
i i  \ polam i / t u g cube Iie’.iut i s h ih i t te ’i ( (m l  us ,itt ae ’h rs’cl to stabi l ized git irh al ( I )  I b it t f i l m po lau u/eu
,iii~ul~ 1cm ii I ,uirel au intc ilsit ~ s’uis - u 5’. se’i l s c m u  1 ,ir c iiiou ui tc’d on hr o ui si ui g 11. Set ise m u (9) usused as

a gimbal posit iott dir ee’t t o il i t i e f It’atot t isuu ig t he ““
“ pcml au u/at ion It omit bcannsp litter (6) .

I lie opei at tc ’ uia l c~ e’lc’ cml I Iti’ platte ’ pcml ai u/eel pickot f s’oulcept is clese’r ihed in Figur e 2.

(;imiibal I) stahil i,anioui ~ e’ t t ’ .  ate’ . iaduant t’ncu’g~ souuce’ (4) .  I Ire uuipoluriicd euicng~’ is

Ii ,uumsur iitted from ii s ciut cc 4 ) t  him cntg hi the’ I diem -opt uc ’ pal hi S t c i polart ,er (6) . 1 he radiauit energy
eilie’t giuig I mo ult polaruis’i (61 is “Ii” plat t e—polar i zed.  I f t c’ polai’izing diu’ectinn us established
elu rut rg t h e  uiia iiiulactutiu ig p1 cict’s’. and asse m bly. l’cmla u w et (61 will I rans ni i l only those was e—

Ii , u i u l ceiuim pou ie nts ‘.‘.‘hose’ elect t ie ’ ‘ ectoi s 5 ibrate p~iuuIlt’I to th is diu’ect iott until wil l absorb I h ose
that v ibrate at right auig les to t lii’. direct ion. l Ire initc irs ity of the “p” plane—polarized energy

i ,unsiiiittetl thro ugh aui a lv ,c ’i ~ s ar ies accorduiig to Mains I ass . l’htat is , t h e  t uax ins um

i u tt e n i sit y oce’um s wheut this ’ polarizing direct icmul of polarizer (6) antI anal y zer (7 ) are parallel. If

am ia ls /s ’m ( 7)  is rotated abo u t t h e  eli uect non of energy ~ u opagatidin. t here ate two positions at

ss hic’h t lie transmitted eile’m g~ im m ensit Y us ;ilt nems t zero; Iliese are t h e  positioits in which the

polarizing direct iou ’. of Polarizer (6) and aiialvie’i ~ are at u ig h mt amigks. 1 Iiercf ’ore, t he inttcnisit%’
cml

’ this’ transnrit ted “p” polari,ed ent’t’gs’ It curt polaruiei (6) t h rough analv,eu (71 sa n e’. with the
ang le’ cit ioI,it ion according ii

— 1m Cos 2 0 , (SI

i tt ‘.s hichr l~ is the uiiaxumuuiii s att ic ol t ire tr~ut rsuliut t ec 1 intensity.

I o uchtie s’e a lineai intenrsit~ se’a le fa c ’to i u ange fion i null (a lmost zero ititenisity) to ±40
clegi’ees . a spec ial destguied analv/c ’m’ t “ ) i s  ue ’qnuunn ’ il as shown in / ‘igur i ’,& l ’ hc ree ’x i s t s immnnal ier

a certain ch aracterist ic polarizing direction as shioss it by t lie parallel himics in Figure’ 3.’I , l’Iiis
pimhuniiirrg direction us estab lished ch um uuig the uniunuiiae’t iii ing process h~ eniheeld ing cerfaiui
Iong-c’haiut molecules m i  a flexible sheet airdl the n stretching (lie sheet sot  hat the tiioleeules are
a hignc’d pan alIei to each other. Phau te— pumla u’wcd energy Ia lluirg on a nalv,t’r (7)’ .’ . ill I ransiflul tinily

• t he parallel electr ic s ector counpotleitf i . A ttal~ zer (7) u ses a concept that removes a t25 degree
pie—sh ape are a ukmng tfne zero inmtcutsi t ’ . a Sus , / igure3f l . amtalv ,e r ( 7) parts mre rejoined at thecu t—
out houuiclan ies. Iliis design .ullows (lit’ null looccu itat 4 2 5  ekgre’e’s f r o m t h e  light utuighe axis . l’he
transmitt ed energy imitenisit~ at tttuhl us tiow abou t (8 pcn~’enh cml tile ntaxiniiiintt inhenisit~’
tran sm itted w heir polarizer (6) and analyzer (7) are paral lel.

I .;
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FIgure 2. Sketch of the thin film plane-polarized intensity pickoff concspt .
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1 uu’ure ’ 4 ulldist rates t lie pu cii uctesl untc i is it% sea Id a c t  or cos en uig a 4() degree f t near ranrge I rum
untIl and a 65 degree lion- hi n ea m u angc I tmteuisu t~ sc uustm r ( ~ I, m /“i~t,’ure 2). electrical output s ignal
cor uesp umur ds to the initc ’ uu sil cm l t hut ’ t u t u  g~ transu umi tted hs aui ah~ icr ( 7 )  which is a fu nct ion of the
anaI~ icr auig le re lati se to t he stabil i ze d po larizer (6 ) .

4. (‘ON(’ l EJS IO NS A Nt )  RFCOMMI:NDEL) PROGRAM ~l~O PROVE
(iIM HAL. PICKOL L- I R HNOI.O(;Y

A decade front no’.’.. most ball hearings wi l l  look arid perform about the same as those
currentl y ava ilable. I bough materials wil l probahl~ differ from present analyses, improved
processing w ill he developed to keep penlormanec the same, A major assumption is that a good
port ion ot’ the metal-alloy mater ialscurrently used ingvrogimbaland bearintghousings may fall
under the domiuiance of ness developments in the pro duction of new plast ics, powder
metalluugs . and lightwe ight composites . It is recommended that these areas be studied, to
explore and identify feasible exotic unatenials for gyro metal-alloy replacements.

Meanwhile, the gimbal pickoff analysis concludes and recommends that the concept using
the pulse duration modulation pickoff design proposed in Figure 1 be devetoped as an inner
gimbal wide angle pos ition sensor. For the ou ter gimbal, it is recommended that the thin film k

plane polani~ed intensity picko~ concept proposed in Figure 2 be developed as a wide angle
pos ition sensor,

the stud y conc ludes that the plane polarized pickoff concept will be less expensive than the
curved su nf ’ace sen s o r (18 ) concept shown in Figure I, In practice , sheet resistance is prob ably
the most difficult characteristic to control and probabl y wilt be the dominant cause of
nonlinearities. It is concluded that the sheet surface control for a small flat surface such as
required for sensor (8), Figure 2. w ill be easier to contr ol and lower in Cost than for sensor (18),
/~gure I .

It is recommended t hat the next step in the progression toward a feasibledemonstration ofthe
gimba l piekoff technologs should include the following areas of investigat ion:

• I’he recommended gimbal pickoff concept should hedesi gned and fabricatedtointerface
radiation fiber optics sensor to show demonstration of its feasibility, performance, and cost.

• Radiation f iber optics sensor should be optimized for maximum power transfer ,
p crh ’orniauicc. and low cost,

16
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I

• \ c u t ’ .  pickof t pci lot m.tur ~ e iii cmpcu at ung aurd s t c m t  .ug~ e’ut’ . ii onnients .

• II ~ hind elect r on it p.ie k ~igu utg s tr o ut Id be’ di’’. elo ped

It is furl fti’, I econi urrcnded i fiat ,u lcas u hie uirodch of t h e ’ t sco .u Ses stabilized opt ucal gimbal —

pickof l hedesugned. f ,ihnucatcd , auud au ral~ icd to ’ .  i’m uf ~ It s  teciriioIog~ in des elopimig a s~ stem iuulo
practical realit~ to  achics e f ut utu e gyro meq u irentents .
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