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Y - 35 -Inall these prior- art systems, however, comphcated and costly mechamsms are’ -~ 35

required to compensate the damping ratio for changes caused by temperature variations.
In contrast' with the prior art, the present invention seeks to ‘provide electronic means
for directly compensating the output signal in proportion with damping variations
: caused by temperature and thereby substantially eliminates the pnor art need for tem-
40 : pmture or damping compensating mechanisms. 40
- In accordance with the invention, there is provided md:catmg apparatus com-
prising a device having a second order transfer function, said device comprising a mem-
ber whose movements in-‘response to an - input are damped and means responsive to
movements of said member to provide a first electrical signal; and means responsive to gt
45 - said first electrical signal and to indications of variations of damping for provndmg a 45
second electrical signial indicative of said mput and substantlally unaffected by varia-
tions in the damping of said member.
In order that the invention may be bet:ter undcrstood, an embodiment thereof will

—



caused by tenperature and thereby substantially elimnates the prior art
need for tem 40 . perature or darrpl ng corrpensatl ng rrechanl SIs.

com pr| Si ng a devr ce havi ng a second order transfer functlon sai d device

conpr, a mem ber whose novements in response to an i;nput are danped
and a' responsive to novenents of said member to provide a firgt .,
el ectrical signal; and neans responsive to 45. said first electrical

signal and to indications of vari ai’smof danpi ng for provi di ng a 45
second_2lectrical signal |ndicativ aid—input—and—substanti-al-y
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signal [err]? Tadlﬂi vige] signaks Jhig \/'?GBAE e 30
conpensat ed &% Wﬁ% gof t he
{oPh delnodwdatere? oduficgzancel the

transfer fu ; op'éls léaqmj,gm _
vari ablg poI es:vhﬁcﬁ dbda aotsfomo pait. afrtdelnva;imt Bnis&t&rdmmﬂxéarCfcumatfman TH& si gnal

hdt 18 1 ts,
conpensat or @%I’é@me is Wkﬁ%ymgammﬂ mumys,b@ notms:ﬁ hrl abl e) pol es
' modulator 6. In this background the signal voltage ¢, will be referred to in the speclﬁ- -
cauonasbemgtheoutgutsxgna]ofmesecondordusystunorrategyrosoo 5. :
50 As nioted above, the output signal e, of the rate gyroscope 5 is influenced. by varia-. 0 - 7

tion in the damping caused, for example, by changes in temperature. The: s1gnal com-
pensator 1, 2. shown in Flgure 2is deslgned to compensate the rate gyroscope’s 5 out-
put signal e, for such influence and, to this end, it provides a compensated output signal
' €. which_is .indicative of the rate mput 7 and substantially independent of dampmg/
55  temperature variatiops. .. - ) 55
P The signal compensator 1 2is deslgned to have a transfer funot:on G.,, ie.a rano
.which relates the compensated -output signal e, to: the rate gyroscope signal e, by the’
relationship Go=e€./6 having component-terms. which compensate for changes in the
damping component-terms of the transfer function G, of the rate gyroscope 5 such. that
60 the transfer. function Y, of the entire system;/network comprising the combination of 60
: _ the rate gyroscope 5 and the signal compensator 1,2 remains substanually constant with :
dampmg variations. The transfer function of the entire sysnem can be sunply repre-
sented by the followmg relauonstup _

£ty
2

Y.=G..G, | - (14)



35 of the second order system determne the total systemresponse to
any input 4. 35 Reference will now be nade to Figure 2 which illustrates
t he -prefer+ed—erbedirent—of—the—present—rventen—The—preferred enbodi nent
of the invention uses, for exanple, a si ngle degree-of - freedomfluid
danped rate gyroscope 5 as the second order system 3 depicted in in Fi e
40 1. The rate gyroscope 5 is a:type of transducer which responds&%
an angul ar rate input 40 7 (radian/sec) to provide an output electric
signal . Thi Sy output signal is an A C vqlstﬁgg which by its anplitude a§1d
phase, ‘i ndi

t he novabl e rrenbuherﬂ)ﬁ’. ;smenméwndf k@m@pmlmgﬂerﬁdly of the
rate gyroscope 5%P (E €°“EPF‘“%F°’d’e £Y;§“ﬂ§m I

denodulat or 45 hﬁfﬁuﬁw e{ﬁrm phg mgg/,eg,g % s used
to renove the A @etéh@élﬁﬂu&l’mﬁhl’t&-dam g rdanse ﬂasd;hé-e t has -
ot her egbedi ment &rred embiedimient\of e L tong) [seheqr 2system;
not ehploying a t ’E@d“ €at or
A backgrouéi‘W%@ S i mﬁ%ﬁéﬁq b
specifi-. caoi on &s aioﬁgrhiclneariamv mesﬁmdmarodenhsyamt em d@
rate gyroscope 5 Pe5suchthatthA§mn€9t Ctab efth ;@ﬁw r] of
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1,2 shown ite Fi gmﬂmr@lm ﬁeﬂeﬁad ﬂatrﬂ)edinems.aRm Bp® s 5 1sut -

put signal e, fossus @HEOEM‘I#? dé?ﬁcfe & Ve Kilv V‘é’ﬂd '
conpensat ed outp er&o ?e?h t 7 and
substantial ly i ngg e y compr lmﬂ{ogtn; p,,nﬁmf@m 2as. . .
.. 55 Theosi gnadpaonm'@er&ahbafé&acleoonieaio msa \onerax amlsliﬁens lﬁ,unct i28n
[err] i.e. aratllblmvé F”é‘? ’ !

rate gyroscope sfinig g‘&% %ibs‘ ";l ,

whi ch conpensat e ahglis GénaFanip

function [&5r] ofl’hft hepultaml Mmﬁo@ep@%ﬂtﬁmpltﬁmm xseoupled vmhaamblrhmfer 25

functfon [err] thet%tnp‘gé‘ ﬁl‘@% ition of
ermv :

60 the rate gyro
substantial |y comsgtipai. Cdpati mn&fpaﬁer t2/edatsi on of

the entire3Byst eimvetng ihpt. Jindth V@Bsﬁtmfb ratipral mmgm ti onsAi p:

[err] 3 via reslstor R, to the mvemngll(;;p;; ::id og;ratxonal am 1 -mvemng

3 where [err] i s PR e a5 ds e 1 A, Le’l,%; %E% b @Rahi p wi | |
be nore fully expﬂeﬁtxmﬁnhmmﬁ@ama@pkdamkwmhniehmg bpepaticiabuplifieono,l, 2
shown in FB§ure #nd aBiyingithefoilongng relatiogshipaesisit i ons in the transfer functidd G
are dependent upon the tenperature of the fluid danping systemof the rate
gyroscope 5. The relationshijpRef=B, .| Ry4Rg fempR,afufe with the danping
factor nmakes it desirable, i ~ddhce—-w-thithe pre 5 ferred enbodi nent .

of the present invention, to jugiligela. dagﬁi on) sensor 2 which
ure’ og’ z g&énﬁ% '

IS responsive to the tenperat eB’FthTd system in order to
make the conpensating transf et esponstye to change in the
danmping ratio of the rate gyro&mp@wﬁ’“‘fhv@m 3 effec‘teH by providing the
signal conpensator 1, 2 with 'a—t+ens +et+—Ftret i on which varies

wWth tenperatureg,in erﬁk as h transf of ..t he rate 0
gyroscope 5 such;::@fff"(y,éﬁ.ﬁ ¥‘flmg§n"}s’f H'(J:tlohe"#lmhmp Moot on of the
rate gyroscope 5 with the signal corrpensat Qr 1, 2 renmaips substantlally

constant over a wi de tegpéra ur nge.” Fhe ¥hie' al B’n“pen_ or 1
i ncl udes an actlve mt?r) ang LEJﬁ’rdn&gg qq:]qbsflagéginsl NES S(%P

40 where S is the Laplace Opmtor The signal voltages Y, Yy, Y. are coupled to the in- 40
_verting ifiput of operational amplifier 14, indicated by a minus sign, by means of re-
sistors Ryy, Ry, and Ry,. Tespectively. Resistor R, is a feedback resistor which couples
- the compensated output signal e, of operauonal amplifier 14 to the inverting input. The
arrangement of resistors Ryg, Rys, Ry: and R,a with the operational amplifier 14 forms
45 a Summing Amplifier. The voltage e~ at the mvertmg mput of operational amplifier 45
14, as is known, can be represented as follows

Y.,+Y,,+Y,g+e¢
4

e = . (1C)



15 active filters are known in the field such as is described in U.S.

Patent No. 3,987,370 15 issued Cctober 19, 1976 to Alan E. Schutz, and in

" Active Filters——Wretess—Vbrtdi—Mareh—1970, pp.—134-139_t hey

therefore, will not be described in detail herein._ Briefly, however, the

acti ve@r includes three operati'onal anplifiers 10, 11, 12 con- nected.
osgd

inac | oop configuration which conprises resistors [err] and 20
capaci err] and a feedback connection 13. Each of the operatlonal’

anplifi rs 10, 20 11, 12 have an |nvert|ng and non-inverting input
i ndi CW”MQnPM Lvel. AVAS _The resistor #er r]

coupl es the oufl'putiampm_gnarhnmpn)os‘ensbhmwxﬂ&mgwsﬁﬁkpﬁmdﬁstaomhﬁ&mavert| ng i nput

of oper at i orfEPonsiFlqmentefor egmple|acth edatlvv ere\éﬁeﬂiﬁentoperatl onal
anpl i fier 1¢ 0 colPEdn: ﬁ%fﬁm 2 “Fﬁggfl‘;?put of

oper at s5o0nal niagsled efﬁ&xdelol ‘the case of E'Fa 55' gna vePrage err] o

oper ati onal anjghe¢ #lglel vcmger ) S uonhpbamt\ufapdraﬁmramplﬂeeu Is doGpled2ia t he i nvertr ng
i nput of Opéfmﬁv{:% r drrapgoment ress freal  bet weerd't he
out put of om%r@ﬁurtﬁ §E§§:§a§w=¥$ sug:a m;f:»'{tkey stor [err]
and capaci t@crrm[aerorta}gearvﬁielc ee, at 0

oper at i onal opemsional anaplifiér 14 samcbe rdpesented @féollows: N |nput Capacr?%lr [err{ is
connected fromthe output of operatignal- anmplifier 12 to its 30

inverting input. And the outputg sign vol tage [err] of operational
anplifier 12-is coupled 30 vra I eSRSILRY [err] to the i d¥ ting input of
oper at i onal arrpl i f| er_10. The non-inverting i nputs of operational
anplifiers Yhere t] 2 are nected to ground potential. Wth the

feedback connetPPoR 1PEES stﬁ ftlire 2, ie. with the output of the
operational anplifier 12 coupl ed back toq-m,he i nvert| ng i nput of operational
anplitder 10, 35 - and a¥su¥intehe fold-oWi ng rel ati qaBhi ps exi st :

35 [err] then the signal voltage [err] RitBene out put of operational
amplifier l@.&ath &Gﬂmﬁ&hi re Sis the
Lapl ace @ekmprwm age@Le[Le‘\rﬁrﬁfmgzre 8]5‘:1%?’!&&%“0“} e in- 40 _
verting input of operational fier dindicated by a m nus sign, bys
means of re- sistors [err] r1e§ ec L Ve +T-B§§|stor [err] is a feedback
resi stor which coupl es &he . corrmemsﬂt,,e output signal [err] of operational
anplifier 14 to t heG 1ﬁ\rer=t|ﬁg—|—ﬁ:gu-t——¥he—a++a-ngerrent of (xpsi stors [err] *
with the operational arﬁbl i'fier 1Ty hd ¥ . a Summng Anplifier. The -
vol tage e- dhe inlaie O thb Bemerddi? ok (1) HAPELAdrd ep@,rgg,{lméﬁer (45 14, as is
knownZ0 can mmm%magmin&uﬁa greot 2

1, 557, 528 ¢ rate gyroscope 5 is a sec ordersysr:em,ntsrransferfumcuonem 4 The

danpi ng (varrlglfr orﬁd?mqw?bééwﬂ%gm%tor [err] which is a
temperature responsive element, for eganple, a thermistor having a negative
tenperature coefficient, |nGme-aJe—ex-eha.nge_Le.Lat| onshi p (jndicated by -
dot-dash line) with the tenperdi+# BS+Ha+Ht ui d danpi né ans of the rate
gyroscope SyneRResi stor [err] can be affixed by conventional 5 means
either inside or outside the case of {he rate gyroscope 5.

5 The?signal voltage [err] the oukput—of operational anplifier 11,

coupled via resistors [err] to the d&Bping (variation) sensor 2. T |s

arr angenent is iR Sidddniped fhnidal 'f | ¥€ t resistqQrs [err] being
connect ed tl@ﬂleﬂsplmmpdrﬂ&eh?zd% i e i %ﬁg‘%ﬁﬁgﬁ:‘,’mﬁl gn, of
or '

operat | onal’ EE““ er 14 |n such a rranner as a vol tage i

di vi dgr net u s & \leA tht'eetwbmuomthemwertr ng. i nput of
10 oper at i @@h et @Hméwm igure N
| - 142D, T, S+ Tg S '
T142D,T,S+T#S 142D, T,S+TAS :
where: D, = ——— -2 s Do = —-..:- - and - T: = Ei
R‘ Tg 2 T' Tﬁ :



[err] [err] Anplifier 14 operates to nake [err] [err] Equation (lE) may be
conbined with the three quations of (1B) to obtain the transfer function
[errl—af_the signal conpensat-ori—t-oiti—the—ni-ddle—termin the numerator of
(1F) has a tenperature-dependent coefficient be- 20 cause the
resistance of [err] is included in the resi,stane Rb.

20 Since.the rate gyroscope 5 is a second order system its transfer =
function [err] can be represented mathematically by the follow ng equa@n

25 rr]

55 is the a.l | " E1;557ﬁ&§ | | . oot |5 _

rate gyroscope 5 Stmbemmmwoomuﬂnﬁmnhmgdalcm samtlamflmwwrequency

(signal) gain ofGH‘PE : : %"&B magnpglw ‘ﬂ“ﬂ’?@?%t i onshi p

(1A, and with tgéh BRSE TS sl kb R.andRc and
(1G, the tsansf@rmefwnﬁtdfm & thesibistdr Mo IHesk Pératuid ifcr@de, e 3052
can be eépr esent&yehltb;tm&m(ﬂ,llmmgndﬁpbmmﬂmmal[teﬂnﬁammnglfw@dhom seen
from expreéssi on %Tﬁ&h@l’@‘“‘fﬁ%em %M satl rlg transF) r.function G can
be expressed as ggf sﬁﬁ,hﬁeglﬁ, avi ng nurre o yno“r%ma v%?cﬁ?wﬁs'ecorres

equal -t0 the dermnl nator pol ynom al of ththransfer function G of the rate
gyroséﬁope 0 when [err] is equal t%%Wm—ef-pre t he resi(smance valges
of [err] and [err] are selected in reéf* 515 {0 the val ue of. [err]qg a
t herm st or whose resistance decreases at tenperature increases, 5 such
that the factor werD, kmmﬁmm&mmmamhgyammaneehmbﬁmdanpl ng

factor [err] ove?or efrcatl@k@mp n the termlJerrl]
mai nt ai ned exactgag %" df}#‘rg f( I ifies
to: [err] yhere Dgk ki enlb?ﬂﬁ@ﬂﬁ t and edu arrpl g ratbo

for the entire system11, 2, 3 or ap romseraDlep,)O 7 of crltlcal danpi ng.
When De is only approxi matel y equad tire system{tBansfer
function Y. has an equival ent danpi ng rgf??);;'%Err] where the deviation
[err] fromthe (i nvarlant)' 15 [err] .is given by the formula

15 [err] The si gnal Tieosigpainompasatet 1sshowm ini Righre Quprevids e avsuhles\clm mesults

i ndi cdted in tabg?&s zﬁ-‘?ﬁ?‘g" '&ﬁ@ﬁ‘m%ﬁh@mﬂ%ﬁ@%ﬂm%

sel ected enpiric culation) listed in table 1. [err] The
thermstor [err] materi aI has a negat ipggpggqnperature coeff|C| ent of
2 00

approXi - matelyf= ._.,%giigleg-ﬁ-eea- %@ﬁ—dﬁ@‘-e@—@——v&! ' t—at—sel-ect ed
tenperatures ar¢ v nin tafl &2 Such’ hem sRﬂorslarzg %ercial (y

avail able from f%_gggqﬁr_p&e, V&L 65 gt nerm ﬁyDOI CoL ROJ AR! 0Bg kfohdn 51 de,
Cal i forni a. ' : R -

Ty = 4.9 m-sec. | C = 0.25 mfd, Ry =By =R" = 20 k-ohms

Rate gyroscope (with deniodulator) R, = 11.014 k-ohms
Mfg. Timex Corporation o - o

Model # SD-000 Series
: ) R, = 0.523 k-ohms

The themnistor R material has a negative temperature coefficient of approxl-

mately -3.9%/°C @ 25°C. Values of Ry at selected temperatures are given in

"table 2. Such thermistors are commercially available from, for example, Westemn
. Thetmxstor Corporation, Ocecanside, Callfon’ua.




6 1, 557, 528

6 TABLE 2 [err] [err] [err] -40 22.00 1.90
-4 7. 42 1.185 32 2.85 656368

1.22 . 387 100 . 620 . 266 140 . 290 -

. 195 5 . 137 _ . 160 TABLE 3 [err] ferr] [err]
[err]éS .09 -40 1.9 1.8 '-.03 - 4 1.18 1.22-, .02 .98
- 12°% .05 32 .66 .59 -.08 .45 .09 668 ..39 .38

-.02 .33 .10 100 .27 ;27.1257’5.290 .23 .06 140 .1@5 . 185

-. 02 —H65——B8+185 +60—1+32—05 Referrrmg—to—Frgore—3—a graph is

o mra:
shown by way of exanple.to illust¥ &€ how wel l the circuit of Figure 2
conpensates for tenpefature-}nduced danping vaxizations ina 5 rate
gyroscope. The enpiri gal oy deterim ned d i NGTERE Ve, fwith a [err]l 1%\

tol erance 5 band, ,sh[)\?\ljls_J F]ha lﬁﬁ%ﬁbﬁ?go 1 '_ensa.tled—darrp'.ng ratio [err] _nq\A
vary (see table 3) frpm-a hipgh value of| 2.3 at -RMoR to a | ow val ug af 132
at 185 degree F. The pad-dves—pt—fer+rt—rprt "béc 2—ate plotted in Figure®3
as small circles, andjt h’é'9 ale %g,.qo withjin t'neotol erapce band of [err] 10
.The values of [err] flomyable 2 pave been usgd in the formula (1J),
together with 10 - f,557,5p8 - - o 7 Y%
val ues of [err] at the bddndpri es8%f the tol eét8nce bpnd, to calculate ™
deviations [err] fronjtheggnom ngl,danpijng ratige [err These val ues of
[err] appear in table]3; and|they have fal.so been added to 0.7 to obtain a
new tol erance band, ap stwownjin Féxgure {3, for2éshe

140 )} 0 L2900 o195
185 B | A 160
. TABLE3 ,
“t(°F) D, 'Dg. AD ' .
2.3 .09
~40 1.9. | _
. . 1‘8 . _—003 . ®
~ Ttz | .02 o
-4 1 118 . _
: 98 | -.12
' o 1) .05
32 .66 _
45 .09 -
. 668 .39
38 | -02
b ) 331 a0
100 <} .27 |- -
C A 27 =00
o] .23 .06 - )
140 . CJa95
.185] -.02
.165] .01 ¥
185 .160
132] -.05

Referring to Figure 3, a graph is shown by way of example to illustrate how well -
the circuit of Figure 2 compensates for temperature-induced damping variations in a :
5 rate gyroscope. The empirically determined damping curve, with a <=10%, tolerance 5
band, shows that the uncompensated damping ratio D; may vary (see table 3) from a
high value of 2.3 at —40°F. to a low value of .132 at 185°F. The values of D, from
;:bl;toBre plotted in Figure 3 as small circles, and they are all within the tolerance
. n - o '
10 ~ The values of D, from table 2 have been used in the formula (1J), together with 10



entire conpensated system As shown, the danpi ng%%oj;me entire

system5 I s confined between the extrenes of 0.58 an . '

5 Figure 4 shows a sinplified cut away drawi ng of:a Si ngle degr ee

of -freedomrate gyroscope. The gyroscope conprises a cylindrical case 1. 17
{

in which is mounted a first end housing 16, a second end housing and
beari ng hol der7 17 and a SI gnal gener at or f&ﬁ‘%‘ 18. The rotor of the sig

generat or, shown unuer te—refereree—t0—ig ted-10 on a shaft 2@
rot at abl y mount ed Aelp aFP? "Faj@rtheomleand bl S ABuldté deviditns AT @6m €Nd
10 of shaft 20 is &4

oth Sy %ﬁ}ﬁe il spryics e Yjut e dave
n‘?bl axially Oéntifehﬁmﬁﬁﬁa&d]s 16 BP} &é‘F 3»2f$r1hs

et el %f i | edngﬁgnedlbygh@ushefekm | e c saranc ()
eX| sts befween the op @ simplifiedooup awax dsa\dtgroftacsmgleﬂvgrd&f-maagrr&e of
danpi ng. The asse @%’mmmﬁg Wﬁrsh!swuntedaﬁrst
| nsi de t he C)él i Ndestatgt 118 E‘hehﬁtbs th@-s%ﬁ& L ﬁ“?ﬁs o8 N
el ectrijcal | 15 dm oonmd)inmlﬁe %n@ﬂ\dd@oﬁ&ﬁtlﬁﬁsm TRk 10
electric drive. Thgé 15 ﬁﬁdlt% ip walled floer qudbra Mrmmoxpﬂﬂetaxﬁny &&hﬁo t hat
al | torsional for CRivedlesrahes G %ﬁﬁ?&:ﬂmﬂ & with viscowffuiisothan at e
gyroscopes are Weldegrk:nﬂ\d&mpﬂg ﬁ, “b%‘dﬁé%eli"}"#eﬁj :
further herdPn. 20, Inside the cyliider2ly ie h s&lfm&r&:d tuimﬁf?&&@%m,a knopgn
(mcrosyn) signal (GERErar P‘“’°t°'7-4 astaméSthleyrdeband&-wa Tie ok 201 igpa!

generators are al Similifle B rhstop % Y%? préﬂmnd)ed
herein in d all fBtheehdrgin. however, e mCros ‘?‘?aﬂ‘ey dscribad o
el ec- t rorra et i C valFF%IEI éslroe'b @ciuawilﬁed dawinge:ftahlai‘owxpr(m§ %Mgr 20

vol t age proporti o i fena. epneratons peergiso welbknbwn mcrlm,ﬁeklhﬁé;tm(lrnat e
i nput) rotation anfdmegetd ki ,.u R o=Tolk :- ““fc;‘myns‘ tqy dsantefecrs been
descri bed an_i rrpr@hﬁadmiuct&tw&ndaai&ﬁsh,mr(u

e
capabl ¢ of @Pectrgnl é%;ﬁﬂ“%m mmmm%% W rﬂﬁneag
é ou

to provide a conpepsi the output dignad fithp lhmmeheﬁponse
is unaffected by ppﬁcsmh E%W@Phaﬁﬁmmm been
described ap, i rrprovea'hm S0l bekmnfeeti e

el ectroni calty co %"I% %ﬁMfmemm%pdﬁﬁﬁﬁﬁﬁgn 30
hﬁrp‘x%

out put sig- 30 na ithAnges in wmpdrdteret ed by
changes in terrperamnﬁg “g?.%‘l’(‘? @&-has an
el ectronic ¢jrcui tpring 1 erw?dsclopgw fﬂelsodblepwtaclﬁévgflﬁlo 5 ﬂure
dependence danﬁpﬁwﬂ' 2@ @aavg Vegja [e@périthrelifige bfdpProgiithtaly COPE
which is able to achieéve gsn iIF kgepin @FF’(S‘I“FHW&‘E“‘@FO%M appr oxi rratel:;/5

0.7[err] 0.2 of criti WHATMRBILAGMQSRL a tenperature range of approximtely
35 -45 degree C tg H.d& ae@p@atuv\/mmpas:k@eﬁevmg ha\mg dbond ddder it

constant. VAT °§° MPrisipg, : smcepqnﬁeltslaﬂgnpat vice

havi ng a second og aﬁ&ﬁ@fﬁi t° u}c > ﬁl‘mehgnalrrerrbm
" whose novenents | tipns esmmg fblOp:aﬁdlhg‘lD o,far ALl ﬁ%ﬁiﬁ aﬁ&s

responsive to nov# P%lysmaﬁsmd@ymm@wdmemmgdma @l € eCltnFuC 40

i ndi cati ons of vatinaz skb

si gnal ; anmmeansvahgg@@ﬁ a3 CF‘P’F d4 whereincthe Itrerafer $ingtiva lof saidimésms
s@gﬁu °’ R Pt &evsceeb &0 meinr i cal 45
si gnal*.i ndi cat i veiampmsal d i nput and sugst antia f"y dh ‘éct d"a58HP8 i1 at i ons

in the danmping of_sat Pli’fé'ﬁ‘ﬁ clai q:ramuaf dtimc] o ZyBitlertifd e InddvéRedes obVNET €1 N
t he transf eo func:fohp&éﬁa co andsa‘dm ri$ RIPORSiYY by tempeyatas varire second
order *transfer f uheéin®ih @i o pi teﬁ‘ﬁﬁgt §§"h’auﬂﬁ°-°°ma15t°t‘amoas 50
substantial |y const énbpnwatsad ﬂamEcain&faBﬁsivuﬁaﬁ ﬂ?:%&td Va1 Wemppfd! | L1 ONS
in danpi ng. 3. ét’g%‘ ”&Wl"alfw finst mﬂwdhm ObarisdleLifBir defén %w— V\/nerei n
the novenersss of gl gﬁnm e ﬂP‘IdGPdS toanﬂw&:dﬂmn
responsive to tersq&lezteattblbﬁwmlailcan ted sfmsa&E @'1 Syl Slempent B?"ﬂ!er t 33
conpensate said F!ngfﬂlsdgmadramm proportion to Varratl one Ve FPeP8f T wi ¢ h

t enper at ur e f or Q{rgu.'traﬁg“?m?ﬁ algxgtgm;pngﬂ Wherein the zeros of the signal compensation

ction are caused t
function of said device. usec to vary as the poles of the second order transfer

60



4. Apparatus as clainmed in claim3 wherein said neans conprises a signal
conpen- sation crrcurt responsive to sard frrst srgnal and having a

vari abl-e—6 Freat—exchenge g L T-S&atd
fluid so as to vary mnth changes in the 55 fITnd'tenperature sai d
signal conpensation circuit and said circuit eIe ected
provi de a conpensated signal which is substantiall g‘"ﬁmuﬁﬂ“"sulmﬂ vari
tions of fluid tenperature. 5. Apparatus as clainec i’ clkaim erein t
zeros of the srpnal conpensatron circuit gggﬂgﬁer function are caused t07

vary as the potesofthesecomd—order—tTansier fOnCTT.on OT Sal a
devi ce. values of D, 4t the boundaries of the tolerance band, to calculate deviations A C
L M | 7the nommal damping ratio D,. These values of AD appear in table lgg

been added to 0.7 to -obtain a new tolerance band, as shown in

7 values Qf [err] aénnfehramb@u&daysteﬁsmﬁhobhehet@h@ﬁgmlemamn ofm m%e;udemte

devi ations [er¥] fr@mnﬁm és Sﬂ!dtOrSQ err va}l u s of [err?
appear in-table 3, an ¥‘1‘i‘é§fﬂr‘r‘3§/ 2% 1
%ﬂ“ﬁﬁ‘“ ’”

tol erance Bahd, as - bﬁmgn{ogep
shown, the darrpr ng mrrn fo]ror f the glaEancriitﬁr, ﬁieﬁﬂeﬁﬂierefermbﬁsl%ﬂmﬁmméd

bet ween the. el r emeen pthaf) 2068 mthebea olderonendhorusm 17. The other end

Fi gure 4¥shows a si @ﬁ%ﬁ%“ xeedom
rate gyroscope. TheS Gass eGh 1S
mounted a first endddgﬂuaflmp Th@as&ﬁB blﬁbﬂglceﬁﬁrdzb.earl ng holder 17

and a signal gianeratorlnsdtatocylm@rzfﬁaéouseﬂmtooindtmaéwmpr elecricallys howds
under the reference%‘%‘; M ammzfzomgﬁérg'ggi‘:d%g‘- 3 . e
in the bearing hold %?fédcﬂﬂ fiefd! ﬁ ey WillPdot Be dacki
fixed to a thin vvaltuﬁﬁiarflheﬁl cylinder 21 which |s nmoveabl e axrally of the
core 15. The 2®ace qut AotV t(efcyosyn) | sleps .
viscous fluid and aﬁe ’

and the case i'n Or gkl heidk ' v pﬂﬁl?&d Dkt ol
bal anced by four baﬂﬁmmeudnuianaﬁzxdt&mn,_stmft (ratembiil$lrd:&10ﬁhﬂex

housed a rotoRSand gi nﬁ@!ﬁ%ﬂtus besmdescrilic MP@P@EW\ISGHWP Wnﬂ
gyroscopic rotor 24 g “%Wgﬁﬁ* Wmﬁt 20
is pro- vided with W,@gr i lvisebuit toPsron orces are

taken up in this area. Tﬁlmehwlelsabées dsf:nlsdrrahlmradwed gijcomsdampelsra® rggrosvape] caen own

inthe fiéld, $® the I*“FR? allyecomrst '%walffm Wﬁ‘%‘f sig- 30
Figure 5 shows a si I rator.
20 Since the det ai | %&?the .

field, they will nokpring rdesmdrﬂae (T pr whmhrusdueao hclueﬁranemxyl,l perfommance of t he
m crosyn signds gen tef Ehv%f? rwmmeroérmwe@
devi ce t hat produces BU-‘[}% P FTBIS ©PF Y he product of
current excitation, Shwi-)tA'[(WEmAILMHIL)- rot ation and excitation frequency
25 Ther e hasl. tlhd,l@tl@smams compliging @ devic u!sedecwdsm

inertia guidange intom g (FRIPRTisiEg, eﬂ?l‘“é“dfh% &h:%

the output -signal of idns Ydbibivel & 'ﬁéim Bt arial gnaI
whose anplitude and tiftl @6 ariyiefon proviting u ‘gnapnﬂmti%efsaiaamesnd n
fluid viscosity. ThMMM@M@M&MM vr s;:ous danped

rate gyroscopgecap- 302 Apparats, ‘Ih§/ Wnal
o he ayrodesnt ulf i O ot i sy W AT T
phase response i s utaigigct ed by changes in terrperature The |rrproved rate
gyroscope descri bed abbv@m eiﬂwlmfbrwbwﬂw 7 the
out put signal ghor t %ﬁ‘m @,ﬂ/ﬁﬂgﬁg Qf‘ $hT 2k

spring re@strained r

per f or mance of -4, Apparatusas cla:medmclarmSwhmnsaxdmeanscompnsesasxgmlcompen—
) sation circuit responsive to said first signal and having a variable circuit element dis-
posedmheatexchangerelaﬁonshpmﬂxsaxdﬂmdsoastovatywxﬂxchangesmthe .
55 fluid' temperature, said signal compensation circuit' and said circuit element being 55
selected to provide a oompensaned slgnal whxch is substanually unresponswe to varia-
tions of fluid temperature,
5. Apparatus as claimed in claim 4, wherein the zeros of the signal ‘compensation
circuit transfer function are caused to vary as the poles of the second order transfer
60 function of said device. 60
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35 approxi mately 0.70.2 of critical danpi ng over a tenperature range
of appr oxi mately 35 -45 degree C to +85 degree ' V\/ni | e keepi ng t he

conprrsrno a devrce havrng a second order transfer func- t|on sai d devrce
conprrsrng a nenber whose novenents.in response to an:input are 40

ve to novenents of said nmenber to provide . a first
¢t mllmmmllﬁﬂlﬂﬂﬂd means responsive to said first electrical signal
an 8to |nd| catl‘ons" of* vari a- tl,ss';szs)f danpi ng for providing agsecond

ele Tidicat i 7 1 19 ffected by
varratro ' 3 Wblnskdh ¢ (0§ *® clainmed in claim
1, wherein unctlon "of sald means 45 varies inversely as

"the second order transfer .functi@ of said device in order to mai Nr~45
tain a substantially constWransfer function irrespective of
vari ations in danping. 3 B3 aé claimed in either one of gl&fnms 1 or
2, wher eitidrelsiig ciitait@RRE: Sausds m&&myaq\ﬁmmm&d@mawf&ur d, and sdid
means i sangesofitemperapwe.t 0 t enper at ure var|a- : t|ons of- saroﬁflurdrn
‘order to cc7 EIHP&‘H“F%E'“‘;%‘Q T“FF ¢ &riations 5Q
therein mﬁi&% q;,dggugyé, e&g ls 4. Appar atus*as
cl ai mred t Jthe/\bimbat | relativel mamaisiag,cmmm&mvﬂiatgﬂakcunonpen- sation

ci Hcui t mgtsmeedtloheamhmerslauwmmﬁmaoqmm wvarmmithbe cl¢ cuit

L SRR T e U T
conpensatxis(p&pmdrcdwm itey s dfapml iIiCresponse to mlaemntat&myungmd whéreisel ected to

- pridvi de siddiswpient ipeagorspng ralthwmg% phthe gimbq ponsi ¥e to varia-

o e im4, wherein the
Zer 0s Of substafii mping  Gdbell by vaiaSions spdrdrir®@N are caused to

vary as the.p, : seéclauheilsan;oondobnmtnsr4tbr8avhstkmrthe€‘s@ml compdtsumct ion of said
de¥} ce. ing means comprises an active filter circuit having a first amplifier with an input 20 60

upled to receive said first signal, a second amplifier having an mput
1,557, 5& tofsaxdﬁ:stamphﬁeragln{dathudamphﬁerhavmganm g aratus as ¢l ai med

|n erthqrutmmécofdmymﬁa f Eupled 10 Qaid BPRof bl lﬁr&raﬁ:phﬁél-dl ng the fi rst
nal heaa desedr lngps fonfigufagions ta damping (yiristian) semsat r@pmm to téﬁt Ement causes [err]

: ® |
v SETATAE R ER A L v

devi ce isared sig@lr o- scope having a housi ng cont aining-said fluid, and
wher ei n sailg Ambeﬁwshmgdﬁmil:ahmﬁg rgpmmmd’ammmlnosaid _
hothi ng,f“‘}‘@‘a‘ns providing .a firstgsignal in response to moverment? of the
gimbal relative to the housing. -and wherein said variable circuit 10
el enent is disposed .in heatt+@DmaRg®,:? usel ati onshi p with the housing so as to
vary wt O .changes in the fluid te erature araa%us as clained in
cl ai m7:&@i“@m BT @ P%‘P’E? gr ee- of - f reedom
rate gyroscope and ferel N sal g| Ts rotatable about an axis
perpendicular to its axis. arfrzsl))'l‘m+ﬁ,'rse$ponse to an angular rate input; and
wherein 15 . said firs Woportlonal to the angular :
di spl acenent of the ginbal; +ak £fetn 15 the si gnal - conpensat i ng neans
| S35 €S PGihede e dagipig i( %tﬁ@ﬂ?k@@rdﬁ%m%wwgqﬁﬁﬁﬂvﬁﬂyrast signal to
provi de Iy m&rtpmtredndngmalselemmmmm\ﬁbmpng fmaftknmmbmm ate input and
subst ant°F§‘F e &g ; : variations in
t enper atu W [ ey LG 0 8 wherein the
si gnal - WWﬂtcoupled to the primary wmdmg and producmg an output stgnal which 40
' varies in amplitude and phase as the magnetic coupling between the . primary and- ¥ -
secondary windings varies with angular “displacement between the primary and _
secondary windings, said angular - displacement being damped by a _ temperature

influenced damping means,
45 " 12 Apparatus as claimed i in claim 11, wherem the device is a mlcrosyn of a rate 45

"13. Apparatus as claimed in claim 11, wherem the device is a mtcrosyn of a rate
integrating gyroscope.
14. Tndicating apparatus subsmnttally as herembefore described with reference to- .
50 Figures l and 2 of the accompanying drawmgs , o 50..



20 ing neans conprises an active filter circuit having a first
anplifier with an i nput 20 coupled to receive said first signa
second/ayhllflnr having an input coupled to an output of said first

sai d second anplifier and an output coupled to said input of said first
anplifier.,in a.closed | oop configureation; a danm“munmjmﬁu'lﬂ sensor
responsive to the tem 25 . perat ure of said

anplifier havrqg a first |nput coupled tOleﬁ% '
25 out puts of Sard—frTsts—Secomd—thrrd—amnprrtrers—ant—a—secodTITput
coupled to said second anplfrers TEVENS :?«@TTi RERKINSi i on) sensor, and
an out put providing said conpen- sate ‘q \ par at us as claimed in
claim9 wherein the rate gyroscope has achtau, &de, 30 function: -

30 where [efr] is the danprng factor of Lhﬂmuavezgyroscope and varies with
t enper at ure; .and the signal - fer functron -

[err] 35 ~4 wher opaxy Pee)by SieTonter

substantial |y equal ghﬁ%m MY %‘;sig, ﬁﬁ?%ﬂem&}é‘f’% d‘]B f’?‘]‘ is a
sel ect ed~const ant danping factor of the combination of the rate gyroscope
and si grfal - conpensating means. 11. Apparatus as claimed in any one of
claime 3 to 6 wherein said device conprises a prinmary w nding connected to
a voltage/current source, and a secondary w ndi ng 40 magnetical ly
coupled to the primary wi ndi ng and produci ng an output signal which’ .40
varies in anplitude and phase as the magnetic coupling between the Prinmary
and secondary w ndings varies w th angul ar displacenment between the primary
and secondary w ndi ngs, said angul ar displ acenent being danped by a
tenperature influenced danpi ng neans. 45 12. Apparatus as cl ai ned
in claiml1l, wherein the device is a mcrosyn of a rate 45
gyroscope. 13. Apparatus as clained in claim1l, wherein the device is a

m crosyn of a rate integrating gyroscope. 14. |ndicating apparatus

anplifier, and a third anplrfrer havrng an i nput couoled to an out- put O&i::)

substantially as hereinbefore described with reference to 50 Figures 1
and 2 of™the- acconpanyrng dr awi ngs. :
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