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[ This study was conducted under contract DAAKT70-83-C-0168
"Low Cost Gvrocompass."




LOW COST GYRCCONTASS
INTRLDUCTICH

This study of a low cost gyrocompass was initiated in FY 83
as an exploratory developrment effort. The objective was to devel=-
op a design concept and associated error budget for a portable
low cost gyrocompass that would tolerate significant base motions
such as those present on a modern battlefield., Studies and tests
were performed to evaluate the features of the design concept.

This report is a summary of that effort, including findings on
gyrocompass performance capabilities under operational environments.

EACKGRCULD

Fortable gyrocompasses preserntly in the Army inventory do

not meet many of the required characteristics concerning precisiorn
r.easurement of azimuth in the presence of base motion (vibraticn),
base tilt, and base tilt rates. The proposed systen appears to
have the reguired capability.

IIVESTIGATICN

CLI 001 of the contract reguired that a study and report be
rade on the perforrmance of a gyrocompass under a set of operating

conditions defirned in general in section C of the contract as follows:

The first three standard conditions called for oreraticn (a) at

ary latitude between the arctic and antarctic circles (+67°latitude),
(b) in clirates listed in A£R=70-38, (c¢) after handling and transpor-
tatione. The new requiremert called for operatiorn or a tripod or

as rart of a2 wearon system subject to vibration and other motions
imparted by engine idling, wind, personnel moverent, etc. Rerre-
sentative cperationsl environments include

(1) Low frequency (o1 Hz.) wind motior (trailer) .0015'" peak to
peale

(2) Wind induced motion at trailer resonance (4¢5 to 6 Hz.) 008"
peak to peake




(5) ZIrnzine idlinge

(4) £ lavel tilt up to +10 .

(5) Tilt rates 1,2 miliradians per minute about zany horizontal axise

(6) Ability to maintain azimuth reference when rotated or =moved
after zyrocomrpassirz.

Additional requirements related to portability included
Zize = 350 cubic inches.
seizht = & pounds,
Fower = 24 V 2C, 15 watts.

These rcrtability requirements are well within tne state-of-the-art
at this time.

DZSIGH COMCZET

The basic aprproach takes advantage of the principle employed
in the design of vibration-measuring equirment such as the seismo-
grapn used to record earthquaxes, The natural frequency of the
spring-zass=dazrer assembly contained witnin the device is made at
least a factor of ten less than the frequency of the vibrations to
te measurede. In that case the mass suspended on the spring does
not move with revect to inertial space and therefore movement of
the tase with respect to the mass could be reccrded by a stylus
attached to the mass writing on a graph paper on the frame of the
instrumente. The important feature applicable to a gyrocompass is
that the suspended mass (gyroscope) is not disturbed by vibratory
motion of the base,

zZarly Approach

Tne initial design approach employed an inverted pendulum to

support the gyroe The low natural frequency required was achieved
oy valancing the sravity torque acting on the inverted pendulum

mass against the stiffness of a flexure suspension at tne base of
the pendulume Dynamic analysis revealed that while the gyro did
rnot share the translatory motions of the base, the gyro did however




rotate about its input axis because of rotations imparted to the

vendulum by the vibratory inputs at the flexure suspension. At
«008" double amplitude and 6 Hz. the angular rates into tne zgyro
Nere intolerably highe That approach was therefore without merit.

Zew Design Concept - (Rectilinear Flexure)

In the new design concept the gyro is now mounted on a flex-
ure supported platform that forms the upper norizontal arm of a
varallelograme Spring loaded flexures are the vertical arms of
the parallelograme The result is that the gyro can only translate
under vibratory inputs and therefore the gyro remains parallel to
the base, The rotations present in the early design concept are
entirely absentes The required low natural frequency is due to the
large compliance of the flexures. The same aumber of parts is

vial re-

e

involved in both the early and new designse <Cnly a triv
arrangement 1s required to obtain this desirable result,

ol ="
foRv

cropsrietcory details are ziven in avvendix & of this rercort,
ADDITICIUAL ILVZISTIGATICHS

“inile the prime focus of the study was the desizn o
n

&)

f
susctension system, additioral investisgations ware dirscted 2t oths
ea f e

pasic features of a practical syrocompssse Tne results o
efforts are summarized in the appendices. These include orelicina
designs for three servo systems, zyro drift stability anzlysis,

analysis of gyrocompassing in the »ressnce of tilt, znd alwman fil

ter desizn,.
PARFCRMANCE UNDER 2TIRATICYNAL ZNVIRCHMZNTS

(1) Low frequency (e1 Hze) wind-induced motion (trailer) .C015"
peax to peak., The new rectilinear flexure suspension and zZyro
mass will have a natural frequency of about .01 ilz. due to tkre
relatively high compliance of the sprinsg loaded flexurce. Thus the
ronslational input to the gyro will be about «5% of thic 001"
displacements Iiowever, the corresronding angular displacement of

the rectilinear flexure and gyro will be negligible (less than 1078

@ .
radians), The corresponding angular rates are less than 001 /hr.




(2) Wind-induced motion at trailer resonance (4.5 to § Hz,)
«008" peals to peake, Again the rectilinear flexure comes to the

aid of this designe. The gyro translates less than o1% of the
«008" displacement.s The corresponding angular displacement of the
rectilinear flexure and gyro due to tolerances is again negligible
(less than 16‘radians). The corresponding angular rate is less
than 012 /hr.

(3) Vibration inputs due to engine idlinge The frequency of the
linear disturbance is several orders of mzgnitude grester than the
rectilinear flexure suspension and gyro rass assezbly. Thus the
gyro moves (translates) a very small (less than ,01% of the distur-
bance) amount. The corresponding angular displacezent of the flex-
ure due to irperfections in the mechanism (tolerances) is less

than 15-radians. The corresponding angular rate could epprcach
.O6c/hr. This is well within the capability of the FKalmen filter
to suppress down to <006 /hr. or less.

<
(4) Off level tilt (ur to 10 )e The forcer and flexure systenms
. . . ©
are capable of measuring case tilt arngles in this range (210 ) to
-4 .
an sccuracy of 10 radiens (20 arc secords)e. The corresronding

rorth seexing error is
-4 - 4 o ..
10 tan)\: 2e56 * 10 radians or o2 milliradiers

(5) Tilt rates 1.2 milliradianc ver minute. 2y reasurirn

slope of the tilt &engle versus time curve by lesst sque rro=-

LI & i

re
cedures, the tilt rate is estazblisheds. An accurscy of «05. of
. - < 4.
rate has beern shown by analysise This corresponds to 0025 /hre
or +25 mils north seeking error.

(6) Ability to maintain zzimuth reference when rotated or noveca
after gyrocorpessirge The gyroart mechkanizetior utilizes & two
degree of freedor dry tuned gyro. This permite use of one axis

as the "east" or north seeking axis while the other axis is used
ir an azimuth stabilization loop for maintaining azimuth refcrence
when the systerm is moved or roteted in azimuth,

\r
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Accuracy of a simple rnorth-finding gyrocompass that is bacsed
on a pendulous gyro susvensicn 15 scverly degraded by cxternal
linear vitrations., Any displacement of the point of support of trne
pendulum results in ansular rotations of the suspenied gyroe. Zor
typical vibratory inputs to be found in a battlefield environment
the induced angular rates can only ve suppressed by Llong averasing
times that are not compatable with tactical applications,.

The current desisn concept for the “yroart I ermploys a rara=-

llelogram-type suspension for the gyro., Thus, vibratory inputs
oroduce conly small translational inputs to tne gyro withnout any
rotaticon of the suscended gyro. ~This is a significa:t craai-
through in simple yrocomrass design for battlefield use. xternal
angular vibration inouts to the syro are also heavily attenuatsc

oy a crossed-zpring flexure on the east-west axis of the ~yre,.
Syrocart @ will o c £

erft c
firze under oupected vattleficid cnvirormonice
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1. Brief Descrirtion of Gyroart M~chanism

Figure A-1 depicts one recert version of the Gyroart mech-
aniszs, The desigr has evolved in several stages through a contin-
uing process of refinement, The gyro (Kearfott Conex) is mounted
on rectilinear flexures via a pair of rotary flexures. Isoelastic
springs provide the compressive loads on the rectilinear flexures,
Tension loads are applied to the rotary flexures.

Tilt of the main housing is measured by a centering servo
system that consists of a pair of LVDT's amplifiers ard electro-
ragnetic forcers. The current through the forcers provide & nea-
sure of tilt angle since it measures the force regquired to hecld
the gyro asserbly centered in the inner housinge.

The Conex gyro provides an azimuth torgue €igneltg provide
azimuth stabilizatiorn c¢f the inner housinge. The Corex gyrc also
rrovides an ecast-west sensirg axis that is usecd to perfornm the
north~firding funrction. £&n electronic capture locy arourc the
gyro east axis provides the required signalse. Thus, there are
three servo looyrs; tilt, azimuth stabilization, anra esst axis

capture 10o0Te. relirninsry desigrs for these servo 1lcors arc
givern in aprerndix Z.
I1. frnalysis of & T'cw Rectilinear Susrensiorn for the Syrc

zarlier study indicated that the rercdulous gyrc suszernsicn
dces not isclate thrhe gyro fronm external lateral disturbarnces,
“hile the gyrc reass does rnot trarslate urder the vibration irputs,
the perdulum forces the gyrc to rotate at rates too Lhigh to te
absorbed by the telrer fi

lter, ‘owever, by raking a simple change
tc the basic gyrc susrercsio

. syster, the gyro mountinz surface

is r.ow nmede to execute purc trarclations rather tharn rotatiors
because c¢f lateral vibration inyutse This elimirates the angular
rate inrute to the gyro alnocst conpletely. The figures orn the
followirns page show both horizorntal and vertical cross-cections
through pairs of flexures to illustrate both the problen rererated
by the pendulouc suspensiorn and the elegant solution provicea by
the rew rectilircar-rarallelograr suspension.

£=1
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Eorizontal

4 Cross=Sections
Gyro
—~ ’ Syro
flexures Vertical — 7
. |
2 and 4 Cross=icctions // ?
i1' flexure i 3% flexurc
ot “ivots p' “Iivot P! a‘j&ivot
fige (15 fige (T)
Yer.dulous Zusrensiorn rectilinesr=Taralleiogrer Susryoncion
(forner desigr) (current desigr)
In fige (1), rotion of the Ir fige (%), motior cf the
rivets to tle left (-x) toc i' cau- pivots to the left (-x:) to !
ses the gyro to rotate through Q causes the gyro to rerely tralc-
with disasterousiy large angular lzte but without rotatior. Tihc
ratess (Ilexures 2 and 4 absorb gyro rlatforn rereirs faraliel tc
rmotiorn in the x directior.) the basce. (Flexures 1' ardg 2!

absorb rotion in the x dircctiole:

° 3
Thus, tre sirtle act of rotatirg the flexures 9U with resyect to the

base has elirmiratec the induced rotatiors of the perndulurn,

wrLile tre corntract syecifications for the gyrocorrass only
refer to tilt rates of 1.5 milliradians per nmirute, we must assume
that there are also argular vibration inputs present ir a real
vehicle scerario. To accorodate this disturbance, the gyro is
mour.ted to the rectilinear flexure by low friction bearinges throuch




tue center of gravity along the east=-input axise. (Angular vibra-
tions about the gyro spin axis are not important to system perfor-
mance so provisions are not made for these disturbances,) The low=-
friction bearings are made of cross-spring flexures, thus the natural
frequency of the gyro about the suspension axis is very low compared
to the frequency of the angular vibration inputse. Thus, the gyro

remains nearly fixed in inertial space as the frame rotates around
its Steady '"DeCe'" earth rate terms are transmitted to the east-axis
of the gyro via a the cross-spring gyro suspension vearingse.

The rectilinear suspension was examined to determine the effect
of dimensional tolerances on suspension effectiveness. The length
of one arm was varied in steps of 001" and the change in platfornm
level of the gyro platform was then computed for a 1°rotation of
the armse The level (tilt) did not change more than 1OJradians over

the 1°rotation, ‘The following figure 1lluotrates this result,.

_’,.——"7

/ o A\ - o0 to wtom
e < 10 / )
’}\ [ th Q - g

The rotational de-coupnling of trhe gyro provided ty the low
friction, low natural frequency bearing was also analyzede. IOr
a 10 to 1 ratio of excitation frequency to suspension-natural fro-

quency, the gyro remained stationary with resvect to srace withn
only a 4% errore (99.5;% of the frame vibrations wore filtered cute)

[Ile Isoclation System Design Description and Aralysis

The siesmic isolation concept uses proven techniques which
have been applied in a wide variety of engineering proclems, ihece
range from wind tunnel model mounting systems to sravimetric devices.

The result of rlacing the rate gyro on sucn a suspension is
to detach it from all periodic disturbances both lincar and anzular,. i
Cnly a "DeCs'" rate is transmitted through the mountin-: .eans unin- '

pedede. !

The physical implementation involves the use 3f a linear iso-
lation system to a fixed structure which filters out all linear '

1=5




vibrationse. Mounted on the linear icolator is a rotary isolator.
The function of the rotary isolation system is to provide a fric-
tion=free suspension about the cast-west axis of the rate gyro.
Because this axis 1is completely unconstrained, angular vibraticns
about it cannot affect the zyroe.

The actual mechanization of these ultra-low pass mechanical
filters is simple and straightforwvarde. The relationship between
the amplitude X of the imposed periodic motion and the relative
displacement of the suspended mass Z is given by the expression,

X
_ L R e
Z -Q&at_] (1o Damping)

is the natural frequancy .r of tne 3usuension avrr

relative motion of the suspended mass becone

to tho irrcsed motion {e .ne mass romains d 1

Imunsed zctien arnd thsrefore the syro which 15 attacned to It i3
r

ot affected by disturbances anzlizd to the cuweo

ol ol [ I S -~ - - - . < - -
T ouce of tne "ateporod LotM o constructicn farsmits tne ule
~f vory o o f‘r\\'u“\‘ vl 1o avyo $F - tras cosoivility R R R e
- w L il N, PO PP NN = A g S S b L O SN AR Vi R i Dl

to make the susgension as s that 1is, int
atively snort, trne "uilur loads

t c
“2cause the fleoxures are conca
o} es r t

e

(suckling force) vely largzce.

Tharmal effects are reduced tc nil by virtus orf tuo Iact to-t
the materials uczed in the construction of the rfioxurcs and the
icading ooring dicplay a constent clastic modudus over a wide tonmi-

2rature rangee.

Cy

To isolate vericdic base motions in both side to s5ide
front to back dirsctions the sicsmic susrension 1o arranced in a
rested fashione. I[ne suspension which igsolates troe vro rfrom sids
to side motion carries a second, ortnogonal, sucronsicon assombly
wrich elimirnates tne offects of frent to back base iisturbancas,

The linear variable differential transforoors snich detect

A=




ortliognal components of bace nmotion are arranged to elininate the

effects of interaxis cross couplinge

In addition to the systen just described which effectively
eliminates the effect of trarslatory disturbances on the gyrce
L rotary suspensior supports the gyro on its east-west axis tc
filter out rational vibratisnse. 1n the cross spring pivot which
serves as the east=-west bearing for the gyro, a sirirng i useaq
to lcad the flexures in ternsione. The relation of tre bendirn:

3

roment about the center and the axial force 1s showrn ir the Zlgur.

below.” )
.-,ﬁ_’i
] A 11
2 i |
. i E 2 | ik
// L]
L/ 4t
Ll } T 1T
[ .
The ordinate is tre quartity o hag
q Y s 1

M -
!jis the torque rer urit of anrusar rotaticen

t
. ~— - . ~ - . . - .
lergthe ~ is the product of tre monmeornt of lrnertis of tic tlacacc

ard the roduius cf elazticity of the wia.: rotericle Trhe &hc_Tio

ig —=57= where N ic tre rormsl load on tne flexure ypivete The
sigrificant point or the curve ig ito irtercejt on tre ro-etive
abcissze [t this roint recisternce to pivot rotstiorn boclincor ZErd.
For 2 value of the abcigsa egusl to one, tne croccec pivet cerrocos

a corpressive load equal to tihe juler or bucsliiig lcade.

From the figure it ca: b ootiat 2 yroveriy coenioier oo

C e
loaded pivet will exhitbtit sntetic benhavicr under a tencile irc.occa

1
9]
o
e
(]
= O

which is less than twerty 1e the conmiregsive tucsailins locd.

The suspenscion lceairs cyring eyrliies a force which 1o ei.ut
twernty tires as great as the weight of the gyro end asscciatec

mounting plate so that shocl: loedings and other extrancouc forcce

*(Takcer. fron "lote or Frictionlcee kearing for crall Anpusar
Deflections" by JehAe :zring - Jou:tel of fprpiied Ik
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rave a diminichingly small effect on the structure. The rugzed-

ness and simplicity of the construction recommends it.

In summary, environmental vibration can be effectively fil-
terad throuzh the use of a low-cost umechanical suspension system
which exhibits the astatic property (zero friction and infinite
ccmpliance)e. There are no "srey" or questionable areas in the
design since all of the concepts, materials and fabrication tech~
niques involved are proven and witihin the state-of-the-art.
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le Capture lLooy Aralysis/Tesign

The pendulur capture locp has been refined to improve its

rverforrance in the presence of static and dyrnamic disturbance,

The table below shows the steady state perforrarnce of the desirrn

ir. response to specified exrected disturbarnces,

Disturbance fanc=0ff fnele Lang=off fngle r-atc
Corstarnt Tilt lorne lonc

1e2 rr/zir tilt rote 2.6 - 10 rac None

-3 . -4
1447 * 1072 &+ € cps 1e26 * 10 rad & 6 cypo «01 deg/nr = 6 ¢

-+
*

~,. i, SN TN N .
-re bleock diarran telow illustrstes the currert co- iruration,.

‘:ev‘ﬁ
: T v .‘\;QI‘ .
—_—y -rertias e Ce Fy )
”R rail Cl1l /Mrgle)
[CIp—

creinr

murcticn Tlen=lIf

0

wrerc o= 272.8/8 volt/rzg
AT Ze75/142 ir=in/volt
A= ZDv/v

\ = TECoe
’];: « 3025 sec,
- o -2 .
L 1 = 1525 * 10 in-lb-sec,

with tie fregusrey variari :
obalo1reguls 2riat T Cticy A e . .
Y veriacie furcticr KGig beirg Loricmentod oo folsow
i Ca

.




2n2 advantages the current desizn offers cver the initial desizn
include
ae.) ~limination of steady state hang~off due to fixed case
tilt angle,
ve) ~limination of coanstant rate of growth nang~off angle

in the presence of constant casz tilt rate.

Ce.) Crders of masnitude reduction of induced angular rates
in the presence of norizontal linear case vibrations.

I Aziruth Servo Analysis

“~a e

As initial design of the azizuth servo has been generated
from tre standpoint of isolatinzg the sensing gyro from azimuth
angular disturvances., ror this initial design effcrt, the goal
was to acnieve a reduction of an arzgular disturbance of the azirzmutn
mutn zizval by a factor of 100 in 1 secondse. The mechanization
considered uses the gyro azimuth axis to sense the disturbance
and provide an error signal to drive the gimbal torquer via the
stavilization and driver electronicse The following oblock diazram

dernicts tnis configuration.

+ g i ‘ T AL,
0, _7®~ T He T2 EG(s) T TIs ¥ DA -

&: slcx=GET inzle K,= 675 volt/rod
a8, Gimball ~nzgle Chansge ¥,.= 3243 oz=in/volt
f‘ﬁv;) D = .0i2 volt/(rod/sec)
I = «03 cz-in-sec?

Tne transfer function relatinz pitK-oif angle to an input
azimuth gimbal angle disturbance is S) 5 (S + D3<Mv'l\
0o ST Din T S Kp R Y
sithout compensation thne vasic system is hisghly oscillatory and
iigntly dampeds To provide a rap.d and well damped reduction of
the input disturbance the follcowing stabilization function wzs

arrived at

KGs)y= 1 +7Ts ,

B=2




WE-—-—'—-"——'——‘

Lith tnis compensation, the time solution for a otzp input is

9

ZPit) = /.395 e
0

Tams T _¢¢~x.{ 3495 % 434,50

o
ard at the end of «1 secs, an initial angular c¢rrcor is reduced by
a factor of.003s Subsequent design analyses will investigate the

effzzts of time varying disturbancese.
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AFFIUDIX D

“alzan Filter Design




let ﬂ,\é,zb be gyro coordinates misorierted with reccrect tr
locul coordinates [, -y Neawr o [/f by angles §. 'S, iSNe The cutrairaste
setz are related as fellows

X

3 (_'6,('5,,—35;3@55» (Sé,co“yfcf);scf,sé,) —chgqu £ '

] !

Y('» = -SCSZ C& C(S£Céx 85“ [ N {
236 z(C6256Y+SS£S(L C(yy> écff_ggy __Cé; SJA CJY\/ QJ,(CO(Y | U

For sufficiently small angles, this exprescicr rcduccs tc

Xo| |1 & -s,)\¢
Ye| = "(S}_ ! 6x N
Zgi SY -« { v

D=1

W



This resulting small angle transformatior describes three inde-
pendent angular rotations, each being taken about orne of the
local coordinates. The total misalignment vector can then be
described by; é = Q, E+ @,,./V'@.,L./where Qand ¢.are the tilt angles
aboutE:and N respectively and ic the true azimuth misalignment
about 00

Considering a non=-vibration casz where the pendulur is
tightly ceptured to the case, the force an?® rate mesasurements
in gyro/carc coordinates car be written as;

/{;‘Y) :u 2 qé] oo] (e Fe-w)

d)z }
W

w) = o -aliol « [ e ol
L 2’“

These can be coxbined in terms of a single meacurcmont voctorg

/w,(( C “-ﬂu Ly /

SSaRSapt s e

Tiie cer &lso be writtern as
_ =HX
where, Z = Meassurerert vector [Z’ YA W

State Vector [¢>£ dN d} (I d)} ’

Cbservatiorn latrix |

0 -w O 0 O
v o oo ¢ C

O ﬂv /\_,J | C

D=2 i

T >
noon




Acouzing tilt rates~tand¢~ are constant cver the samnle intoerval
Aty “ne crange in the state vector over tos

oxvrasscd as;

&, I ©® o A
@“ 0O | ) o 2ot 4)'/ :
¥ =t @ o : © © ¢?
b, o o ¢ /10 P /
<b',,, O o] ) @) / (i)N P

m

cr ir chortihand notation; X.7 2Xa,where Q .3 the state transiticn i
ratriz, ' ;
7o comvplate tnhe Yalman filter formulstion, some otner %
guantities saould be defined. 2ee

e <22 measuroment error covariance matrix
the orrors in the force and rate rnrea
errors are gaussian and uncorrelated, A is a diagon

&]
[
]
¢!
il
[¢]
o
s
w0

r
sigtinz of the variances in the force and rate ~oa
a? o o)

0 o Tu

2. <ne error covariance in the estimation of the s5tas
P i. : square symmetrical matrix whose dirersions ar
numcer of states, in this case 5*5.

3. The covariance describinz the "plant' or "process' noise, & .
Q has the sarme dimensions asP. In this case, Q would repre-
sent the noise due to vibration (if one knew how to model it)e

To simulate the Yalman filter, use the followins arproach

le diitzr _piticiication:

as) Set the state vector;\cqual to zero. |
be) Set the diagonal elements of Pto some recasonable |

values, |
ce) Set J equal to zeroe.

de) Define F covariance, 5 ratrix and ! matrix

ce) Cet W equal to zero (5*5 matrix).
D=3




Pl
e

X

:roplern Initialization

2e) Jot T cqual to zero,

be) et value of AX.

Ce) Jet true valucs of initial misalignment arngsles arnd
tilt rates Yer Yas Yoo /oY

i UV

(9%
*

v set latitude.
. ~ ~ ; N e )
) Determine JLN{[5;7~yl£h-sym;Jlu = fle Sin [LAT ).
o) Let value of A,
)

(&)
.

r

:

o ‘/) .V B . "
Set values of Cyy Cy ,Cwand J'S,r,d:,,;,xw(same as in /).

“roblem Solution

t = ¢t 14t
‘)f,_: H wfeo + y& ”6
\rN = y/v, + )‘:/ t

E - —\\/\/ 7/"‘/ + C‘ 0;'
Fe = W 4 ¢y 0z,
Wy Ouh, - % Y +C, 0

o

g,,,: (/C;/p}’)wx(BT
P, E +aQ

o= PHT(HE TR

s (T -k H)P

PN Y
Yy
)

30

A%+ 5 — )
“rint values of t,'i,xn, differences oetweenf{nand\ﬂ

Nur Yoo 0w

zeturn to start of 5 and interatee.

.ote: From a vrosramming standpoit there is no need

to specify sccerate variable names for Fa, Pn_;
and F;. A single _variable name would doe The

same 1is true for jnandxvu. s Doing this, steps
.. Pr and (., /~ are not required.

D=l

e —— — -




—_—

The estimated states dl,(DN,Cryonly defire the orientation
of the gyro/azimuth gimbal coordinates. The true azimuth of the
case (¥ )can be found from; g Cslf)-f i),, Cff

/‘/ - v S//
where O is the azirmuth gimbal angle whose positive direction is

defined by;
\\ CAvE
/w

IS

.

D=5







. SJummary of fesults and Conclusions

A moael of the srecilal dyroart double trired rectilinear
Ilexure support was fabricated to test tre ability of tne cu:i-
cert to minizmize the erffect of rotation at fhne gyroscore :moun-
ting surface associated with relative transiaticral rmotion of
trre vase of the support witn respect to the mounting su

The exporimental evidence vresented in this reuort
snows that a very larze decrease in mounting surface ot
due to relative Gtase tranclation is acnieved by utilicirz a

varallelogras triood knife-edige arranement of flexure sucosnsicn
in contrast to a single rendulum-tyre sustension, whicn ZroviiEas

no isolation frcx: this =2ffact,.

Using the experimental nmodel, 1t was deterwmired tihat, cven
in the extreme case with an equivalent nendulusz rotaticr of
about 2.3 degrees (full travel of inrer susrsnsion rins tosz

mounting surface tilted about 1/120 of this or 01U deirscse

(s

t i3 alsc notad that tne flexure suppgort "fully loadzd down'
near bucizlinzg, provided a very large amount

Le

=
from bdase Wations as expected, althoush furtner dynamic tasts
i

111 te rsquired to quantify this ooscervatior.

(@]
G
ot
L9}
O
(¢}
@
9]
=
L}
(o]

The tilt tests were gerformed using a flexure suntort
Taoricated by laliso, Iince
the testse M Tcarfott Z1

ahiem, Zalifornia, ecszecially for

?
02 :lectrolytic=tyrne tilt an:
a

}—
-
J

&
wa3 calibrated at the test 3ite as explainsd be
on tue inner rins of ftne flepure surrort. The inner ring
was then moved from side to side until it contacted trhe outer
rinje Rcadings fIr tne tilt censor were taken at refesrence
fcenter) 3031t10n and then at the two cxtreme peociticns on ecitne
side of centere Ubing the calibration data, the measurcments
vere translated into total tilt about the axis of retation.

e calibration of the tilt angle zonzor was carriod out

=1




Tre tilt angle sensor was fasterned to the base cf tre

flexure suprort platformne. The rlatforr was placec on a grarite
flat table (see plotosg) with a sine bar betweern the pletfor:
and the flat tablee (rne ernd of tke sine bar rested on the flst
table, the other wac susperded by a vertial microretcr earrange=-
rent (see protos)}e The tilt angle sensor was excited with s
20 VAC & 400 EZ source and the output was measured vwitn a 9.
digit Dl

Yeasuremnents of tilt taken as LC velite ware takern fron the
tilt argle sensor as the vertical ricroreter vas moved ur increcsing
tiie tilt of the tase. The micrometer readings were ther corvertec
tc angles of tilt (see calculatiors)e CFror the calibration dete,
a2 calibration curve was plotted ana @ rough lirear estirate of
the output/tilt angle was made, This drformatior wass used to
t

i
interp et the actual tilt test resul

ort odel

»

3
(@]
‘w
=t
i
(4]
Tey

Uy

‘7‘

/. rocdel c¢f the prorosed Gyroart double tripcd xrnife-sdge
fiexure surjort was built tc about twice the fi:al gesigr size
tc exhivit the tilt isclstion and bese motion isolation festurzs
of the cverall designe The flexure joints were fobricatea ucing
1e5 inch lencthns of tempered steel clock spring wire o071 irn

by o12% irch cross~section, sharpened &t orc ende Trne flexurco
were rounted irn ar ingenious double tripod pareailielcgren confis=-
uratior (sce prnotos and explaneticr in other secticons of tric
docurent)e The retaining rings and support structure were fabri=-
cated frox aluminume. lotches werc made in the retaining rircc

so that the free ends of flexures could act as knifc carece

Tke flexure suspensiorn mechanisr thus constructed wezc then
placed on an outer support structurc and lcaded in comprecsior with
a spring tension member through the center of tlre inner surrcrt

N

ring (see photos).
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CYROART RECTILINEAR FLICTURE TEST “CUEL
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