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The wezk deserided ia this Feport is pertiness te
the projesta desigasted by the Wy Depertmsat Lisisea
Officer as Alel, A0-38, and AC-48, and 10 the projeets
dcsigasted by the Sevy Department Lisisca Officer as
¥0-115, BO-174, sad NO-338. This work was earried ouwd
and Teported by Naticasl Buress of Stesdsrds uader & :
\' transfer of fusds fram OSED with She scopereiion of ike -]
Washington Radar Group of She Nassachusesss Institute of
mum:mecmmcu—m..
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L Insrolnstion
AR eutamasie pilot was developed by the Eaticsal Duresm
of Btandards in scamestion vith %he guied missile projests

spoascred as the Dureeu hy Division 6, NeSiomal Defease
Sessarch Cemmittee (Washington Projest). This awte-pilct
has beea used sueeessfully to stabilise the glide bemde
doveloyed at the NMaticmsl Bureas of Staniaxds ia scumsstisa
with thip prejest, and o8 an integrel part of their saatrel,

oiSher a8 remcte radio seatrolled or as homiag dambs, The !
yrodustion SEOD Mark 3 Mok O Bat was equipped wish this -
ase-pilon.

Early £11ght tssts, eontustad Yy the Netisssl Burees of
Staniards, proved that scme means of emtumatically stabilis-
ing the glider was ssseniial. The seed for mtcmatis stabi-
;mmumxm-.mumaumum.w
sespoads very quiskly te relling mcassts wpplied by the
sontrsl surfases, Jurthemmors, sines it is impossidle %0
wrin She gitder parfestly bafors 1% 15 launshed frem She
m,u-.nmmunnu-wmm
" sexfeces 18 Tequived whea the glider is leusshad S0 Palense
2o rolling mement arising frem $his iaitial uabalanse ia
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ate-pilot mst be sapable of Xeeping the glider stadilised
without sny teadsusy to 4evelop aa undemped oseillation of
large mplitude. Alse it must esdody meens for allewing the-
Gidar %o exsouts, Without capeizing sorrective mansuvers as
dirested by ke intelligense devies. The size and weighd
of the mte-pilot, together with aseessery equiymsat, mmsl
o soncidarably 1098 thaz Shat of any of the autematis PLLIoNS
colmoaly used ea aireraft, In addition, epsratiocsal een~
sideyations make 1% 4ssiradle tdet ths aute-pilot % rugged
and sixple ia soastrustion, that 1% Tequire 11%01¢ oF B FO-
slijustuent 1in servies, ond that it eperate satisfastorily
under extremes ¢f high and low temperature and kigh mmidity.
I¢ wast maintaia 188 arigisal edjustments after Maviag dest
mbjested to erdinery handling during shijusat over long
distanses and after having besa stered for loag perieds.

A Thers are two types of gyzosespie movemsnss Wiieh may
% used iz amtomatis piletsl amely, She fres-gyze V790 and
the rate-gyTe type. The frec-gyre Syps ecutains s rodaw
whish is mounted ia doudle ginbals 50 that $Dw Totur axis
will maistain iss orieatatica fized 13 speee, regardlses of
shanges 18 the orisatation of the glidsry in spase. Theze~
fore, the *plek-off® £30m a fT00-gy¥0 $yPe mto-pilet wild
mummnmmm-m
Teferense plans ia spase. Thls type of anto-pilet is
espential 1f 18 1s desived %o meke the Sliler £17 & e-0eb
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osures witheut the il of eszrestion sigaals fron seme oliw
Soures of 1xteliigence. Although the £ree gyTe has the
sdvantege of providiag a fizsd referemsd plaae in spase fopr
2o purpess of taking off centysl isfemmation, i8 also hes -
sswral disadvantages. A caging mpchegism wmast be yrevided
%0 arest the gyro retor defore the glider 15 Teleased from
She nsther plase, ani the mancuveradility of the glider ia
211600 1a vestristed %o the saguler 1iaits of frestem pee~
vided in 2o gyre gimbals. If these limits ave execeded,
the gyreseepis yeter *tumbies”, and al) stebilisation
infermation is lest. To disseurege vislent wnimped eseil~ .
latiens, $he £res-gyre 1790 of mtematis pilot must imsexpe-
Tete seme W0 of "follow-uy® maehanism whish, effestively, -
will Meplase the Teferease pesitiss fer takiag eff eomtvel -
iafemmation Lfran the gyre Bevisent by en amsuad that is
siepentional to tho mmount of displasement on the semtvel
surfases. The referensss pesitica 1s displased 1a & direstimm
whiek will tend %o camse 2o remsval of the ecmizel applied .
‘%o She somtrol surfeses. If it is desired %o ehange the
‘souzss of & free-gyre stadilized glifer, tShe referemss
positisn for *pieking off* ecemtvel signals is, 1a effest,
Mdﬂlm‘hil.mmuuﬂdn
safe Tete, .
mm-mcmm--mmm
xeter 15 ggt aliewed 0 keep its sxis of spis fized 1B 0SS
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Instead, the gyre i foxesd o maiziain the cvienSation of 109
rotor axis £ized wiSh Temuesh %0 the glidex. Wham the glider
ehanges orisatetiss 50 as %0 fores a changs in the crisxtetien
of She retor axis ia spase, & presessiosal Sergus is ereated
whiekh tends to $i1s the refor axis about smother axis whied
1s pernepiienlisr %o Woth She reter axis and %0 the axis abewd
whieh the glider ehanges ite sriemtatien. Ixt simse, ia
estual eenstrustien, the rats gyre 1s MuilS with 195 Teter
axis suspenied 1R a singls spring-seatered gimbal, the reter
18 fres %o Jrecess shout caly eme axis--the gimbdal pives sxis.
Alss, a presession of the roter soh b prodmeed enly by arm-
iag the instrument (Sdus the glider) about the axis whied ia
perpeadicular ¢ doth the roter axis and the gisbal pivet -
axis. If the glider turmg adous same other axis, tShen daly
the sompoueas of tara iz the axis yerpsadionlar to the retew
axis and the gimbal pivos axis is effestiw is yrodusisg &
preseseion of the roter. If the rotatismal speed of Wae gy¥e
semaing ecnstant, the precessicnal fores is direetly prepen-
4$3coal to the rate of tura of She glider; aad, of seurss,
$he direstion of the precessicmsl fores dspeais wpon the
direstion of tura of the gLIAST.

The Tate gyro has sevezal sdvantages ever the free gyFes
mmmmmummuum
o dsflset caly & small ameuns, no eaging dsvise is requized
S0 eyeet the rotor. Furthermawe it nsesssitetes 2 eigular

SuguibePaeBuliniviiulmbuion




DECLASSIFIED IN FULL

Authority:. E0 13526

Chief, Records & Declass Div, WHS

Date: GCT 1 1 21
S ——

1initation on the motion of the glider, Vecause a rate gyme
roter sanaot *tumble” or beeams imeffestive. Sinse the
Toupease of 3he rate gyro to ohangas in sttitude of e
glider is mueh guicker thaa that of the fres gyro, there
noed e 8¢ "follow-upy* mschanism to discoursage umdmmped ceeil-
lasions. A rete-gyro oostrol has no "memory*. It will give
infommation thatl cal eanse the eoxtzol surfases %0 MOVe 80 &
%o Tesist changes ia $he attitude of the glider, tus cnee Shed
attitude has beea ochanged, the gyre will try %o kesp e
gidder 12 1i%p now attituide, ruther than make $he glider yeo-
Surm %0 i%s origimal athitude. Nowmwer, a "mamery” 15 ot
required when & homing device ar other soures of istelligeawe
4is ypresant whiol ean give directicaal orders to the gyxe.

Upon the dasis of the foregoing oonsideraticas, 1% was
&esided %0 use the rate gyro as the basis for aa mtomatis
pilet. As 1% was desived to dawelop the swtomatis pilod ia
& povied of a fow menths, 1% sesmed impersbive thet sam
alreedy precurable instrumesnt de nolifisd for our purposes.
A standard airereft turm imdicetor was chossa. This Wype of
isatumsat had been Drovea by years of servise to be = ruggeld
and dopeniable instrumens, under the Mestisal cpersticacl
ooniitions Yequired few the mute-pilos. In addition, Se
nedifieation requized sommed rather sinpls and fessinle.

Is the early sEparimestal work, steadard Beadix tuwm
isdisstens weae nedifisd by the laberatory shep v under
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semtrest by Bmmble 011 Oampany. Ister the Bealix Avistiem
Ocxrporation Buils the compomsat gyres fe the sutemstie .
Pilat, redesignisg the experimeatal modsl ia certain 4stails
to fusilitate produstion and $0 Lmprove perfoImanse.

A._Deserigticn end Oeexstion of the Contrel Qrye
The basis sompomest of the sntamstia Pilos 15 She

SGNSEC) YIRS The mmbte-pilot sentaing two of these ecatrel
&yros; nemely, the $urn £3e and the Riteh gYXe. whish ave
nemed for their fumstion, as well as a thivd gy»e ealled o
bias ©yro, the fumetion of which will de explaised later.
Figure 1 shows a sketeb of the essential elements of the
somtrol gyro; figures £ aad 5 show & photograph of a "eute~
wmy® etntrol gyre; and figure 4 shows a samplate scatrel gyTe.
Referring %o figure 1, it is ssen that She gyrosescpis
whesl (spinming abous exis XX} is mousted in & siagls gimbal
frems whish can rotate only sbout its pivots (axis 28), A
precessionsl torque that will ocsuss the gyre rotor end its
gindal frems S0 rotate about the gizdal pivets axas 3§ 18
areated when the sombrol £YT0 1is turmed abous its vertidel
sxis (axis YY). Axy motica (of the glider) affecting the
€yT0 Bush have a rotational ecupomest aboud this exis
(axis YY), The direeticn in Which $he EI20 DIEeESes aboud
nomnmmtwﬂ)mmﬁ‘
mmm(otmcmu)c-ll-ﬁ-m
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Toverses; e siTength of the Yarque eeusing the gyre %o
FR000es 15 Jevyertional %o She 2gie of She angular metiea
(of 3o gliter) emsing precession; and $2e precessismel
Seryne pereists a8 leng as the sagular motica {of the

. Gii4ev) eeusing the precessicmal tergus persists.

: The gY¥e reior is driven at a constent speed by the

! asti0n of an air-jet upea the Teter. Sustien for the PuFpese
of eperatiag the et 1a prefwsed by & veaturi tude moumted
oa the euteids of the glide? in the wisd streem. A pressure
Tegulater o8 the gyse maisttdas the pressure in the gy¥o ' =
‘ ! ohamber at t¥e 1nedos Of Mreury bolew that of the M- |
rounding atmosphare.

%o odbais eextrel information fram the gyro, & sombasth
amn 1s fastensd Figidly Se tds gyve gimhal frems ant ie
1osated betwsen twe contasts wiish are fastexsed 4o the gyTe
sass. Netation of the gyTe gisdal frems oa ite pivete is
scastrained by these 0cabest® §0 1008 than a degres either
way from the,eeater pesities tiat is £ixed by the cemtering }
spwing. Whes ths gyro sontest arm toushee one of 166 Som~
Saste, & magnetis ciuteh in a sexve motor 15 emergised. The
sarve-gster then meves 4ie senirel surfases of the glider i
& dizeetion Shat Will eppese tha disturdance whish cmmsed the
syre %o uske contast. 18 10 ovidest that She gyrossopis
setien, S0g9ther With ths "pisk~aff* on the soxtaste will
f : give infermatien $hat ean Do used 30 kesp the glider from
S Pgefilaliadnd -

o -

Wh ks, IS ORI AL

—w
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shanging orisntation abdout any desired axis.

The mechaniesl signal resulting from the gyroscopie
astion is eambined with she elsctirisal sigoal from the redie
or other diresticnal control devies My passiag the elsotrisal
oontrol signals through the sppropriate one of two oppesing
eleetrumagosts mounted ia the soatrol-gyre case. As illuse
trated by figure ), these eleeirameguets, whax sastgised,
apply « magnatis foree %0 the basing lever, shied in turn
mechanically tranmmits she Lcxee through the laver %o the
gyro-rotor gimbal frems. Tima the direetion in whiek the
gyre~rotor gimdal freme rotatles about its pivets dspends
upoa the algedrais mm of She Sorque appliesd by the Masing
sisetzomagnets and the preeessional torque applied by the
syncsoopie astion.

naumoérgxuor instelletion, the [ ae ourrent
from each side of a differeantial smplifier is fed direetly
thyough the gyro biasing coils. Whea the glider is fiying
eXastly on the dssired ccurse, the plate eurremt in sash
side of the differential amplifier is the same {4 millde
ssperes); hence the magnatio pull of the two opposing
slestromagnsts on the gyro lsver ars 18 balmwed, and ne
blasing torque is tranmmisted to the gyro gimbal frams.
mmm.umm.mwm-mm
mnomuemxnmmwmunhnun

coASiane on the sams oCUTSe. n.w.mnﬂn
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doviates frem the desired sourse, tho curreas ia one side of
the differential mplifier Arops and the eurreas is the other
s14s Fisss. The magnetis pull of the Masing slsetrouagaets -
45 thel 20 loager bealansed, and a biasisg torgue is trane-
245%ed by the lever am o the gyre giubal fruw. This
sauses $he gimbal freme $0 rotate and make a ocatass whieh
will emse the glider 4q sorrest for the eawror. AS the
Slidsr ecarzects, & Frecsssimmal tevgne is exveted which
oppeses the diasiag Sexrque of the slestramagnets. If the

. Sl34er respents With 300 Mgk & rate, the EYTOSOPLe SorERe

l will Weeoms larger than the magnetis torgue, ani the oppesite I

GYZe sentast wWill be mads, esusing & TOWrsal of %he eontrols.

The 4iffereatial eurrent of the differential smplifiss

inereasss greduslly as the glilder deviates from the desired

oourss until, when the latter reashss sa sagle off sourse of

say §°, the 4ifferentisl asplifier besomes satureted, sad

further doviation will not inerease the Masing tergme '

@plisd by the blasirg elestramguets. Siase s rute thab -

the gyre will allew the glider %o vespeni dspenis upen ke

atzeagth of Whe Miasiag Serge cpplisd by the elestranagats,

0o gyTe allews & Tate of eorzesticn that is yrepartiomal %

Ao o¥Ter i eourse watil 110 SuFSe errer resthes the velus

swrzespeniing to saturstien.
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- S Iemrinticn spd Ouepntion of She jgsomssie PLlo%

The sutamatie pilos scasista of three gyrosecpio uxits,
amely: the tura grro, the piteh gyre and the dias gyye.
These units, together with their assceiated slsctrical and
vasuum systems are nounted on a metal auxiliary tulkheed.
The auxiliary Dulkheed is mounted om the dask of She maisn
tulkhead of the glider as showm by figure 0.

Perbaps the most important unis of the auto-pilos is
the tura gyre. It is the oaly gyre that iz oaeded fOr maln-
‘taining the glidsr in stabilined flight. !bdhnm.ﬂlliq
are necsssary oaly for the purpose of damping out eartais
undesiredls oseillasions., The turn gyro is mounted iz the
slider es shown by figure § with 135 gimbal Pives axis peisting
forward apd upward abous 18°, Tilsing the gimbal pivot axis’
upward this amcuat makes the gyre, in addition to being maialy
sensitive %0 ths yewing or turniag motion of the glider, about
coe fourth as sensitive to the rolling motica of the glider
a8 %0 the yawing motiocn. Olosing ths Sura gyro ceatasss
osuses the servo-eontrol unis to move the slevons differen-
u-maumtym-nnmnuuumm;
'nmmmuumum.mqn-nmtzu
-mnnmwmaumamnnzumu
mu.ﬂnnnmunomamumn-rmld
" 1oll and yew besoms 39r0. Dessuse & mero rate of yaw 18 _
obtained only when the angls of besk is mere, the gyre Wi,
CTTr T T I Nl '




:’m anm- to btnk untu an m of baok 45 attained at
Ihiah tho sm“ wm. m (m‘ yar) at a sufficient rate to
) 'o'x_msh‘imoumu Poros for the gyro to overoame
tha ‘wagnetio bias of-the intelligence signal. 4is long as \
the Blas’ caused by the intelligenee signal persists, the :
angle of besk will persist. Thus tbe maximem angle of bank | | 4
of the glider will bde that angls of bank whioh will produce '
& Tate of yw sufficfent to cause anough precessional force
%o overcams the magnstic bias omused by,a saturated intelli-
gence signal. Sinde the turn gyro is also semsitive to roll,
it will simmitadecusly 1imit the rate at which the glider is
allowsd to assume its finel angls of bank. It is necessary
to 1imit the rate that the glider &s allowed to bank in order
to nl!.u:l.natd the danger ~f the glider overshooting its maximum
angls of bank and rolling over or of developing a violent roll

e e e ot b,

(ase B 3 S gt

O L A A NS NI A

|
oscilletion, !
|

g
&
Y
b
, 5 .
) Ey 14ks the turn gyro, the piteh gyro is of the oontrol gyro
; type. It is mounted in the glider as shown by figure & s0 ’
% !
fi thas 1t 4is sensitive to the angular rate of pitch. Its
&5
& parpose 1s to demp pitch osoillations. The moticn of the 3
k elevons necesssry to chanse.bls 11f% cosfficiept of the 3 ,
E b
@
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Slider (1.0. Shat motica shere DotS alovens meve Sither Wy
or down togethsr) is scutrolled by the pited gyro scatasts,
and the intelligenss signals sallisg fer a shangs of glide
poth angle pass t2rough $he blasing solesoids of the piteh
gyro. The rate fhat the glider 18 allowwd 40 pited 1o
linited by the piteh gyre ia diree$ proportion to the strength
of 1ke intelligense sigaal Dias and tims to the piteh exrow.
The other gyrosecpic elemeas of the sufomatis pilet is
the bias gyro, shomm in figure 7. The Mas gyro is weed %
provide a demping effeet upos 2o 408108 of She turm gYRO
: for She purpose of dmmpiag osoillaticas im asimmth adowt S
l Geaired F11ght path. e Mias gyre is of the sems t7Pe &8 |
' the oter gyroe szoeys fhat the biasing slestromegmets and
sheir assceiated asehanigal liskage are amitted. I8 is
mounted in the glider ap shows by figure 6 s0 that the gimbal
pives axis is coinsident with the rell szis of the glider.
" wnen mounted 1s Shis fashion, the bias gIYo is inseasitive %@
the roll snd Pitoh moticn of She glider ead seasitive caly %o
the yur motion. Whenever the glider mekes a tura mammever 1A
order to correct for aa asimmth error is the flight path, a
sontast is olosed 1s he bias gyrc whish sgupes cus of Ve
muumomonmmmuum
-un-mmm.wwammmm
of the eurrest from the "homisg® 1s9611igenes in that elsetre~

nagRSS. fae bian gyre alwys sSmats the twrn X

-t a——

-

S -

B

w - b Sl s e -
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slactTomagnet whieh sozzespends $o the direetiea thas the
Slider happens te b yawisg at the moment, Thus the bas
gy?e almys foeds bask a das shieh opposes the yuring me-
Siem of the glider, Whishever way i may be, ast owing b0
%8 2e%10m the sense of the scutrol impressed upem the
Sra gyre by its elsstremaguets will reverse iss direstism
befere the sense of %he migml frem the hoxiag devies
Teverses. This antieipatery setiem is Very sffestive few
Gamping yav oseillatiens.

1 4s_Detalled Dessxintion of She Sowbrel Guye |
'l The gyvosecpis slament ef ths eontyel gyre is the same

a8 $has in the stantard Deatiz oz and Dusk Isdisater, and

10 shows ia Tiguye 8. The EVFesccpis retor Mas & mamesh of
imertia adout 188 spin axis of sbent 0.00000 sing £08 aad
uunnn-muotnmnur...-.wmuu-q
-,ammmmw-onmcm

re0T. The time csustant of 2o Feter for imsvessiag it

speed is appreximately 40 sesenls. The pressure regulater
sainteins the grre eavity prsasure st § imehes of mreury

selew the eutsids stmespherie Juessure. AS 1is pressnre _
alout 0.0 ou £% of ci¥ per niants 18 passed threugh the air~
anu-u-namm. ﬂ.a_nntnlwhﬁ *.

o e g s Wyt ¥ SN

oore,

B e e U

§ cavity gessure fon yates of fiow Twagh the relisf walve . »;
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of 0 %0 0.7 ou f%/min. Thms effestive pressure regnlation
is mpintained whea the rate of exhmstion from she gyro
savity of sash gyro 1is kept detwesn 0.3 and 1.8 ou £% / mia.}
otherwise the operating pressure will either 4drop sppreeiadly
Wlow 3 inshes of mereury or vill vise above 8 inehes of
mreary.

The gyro rotar is suspendsd ia & ginbal freme whish is
free %0 turm oa tWo gimbalepives bearings about am axis per~
pendioular %o the axis of rotatioa of the whesl. T OV~
st of the grro ginbal frame is damped by the astion of aa
alr demping piston and oylinder. A sontast arm is fastessd
2igid1y to the gimdal frame and is provided with & speeisl,
escin-silver, sontast button. A centering spring fastemsd Se
the ease at one ead, is fastensd at ths other enmd to tiw
spesial silver comtest. Thig is s &ual purpose mpring.
Besides providing a slight seatering sotion on the gr¥e
mm.tﬁ“mnmohmnu&m
the gyTo ease o the ecmtast am.

Mounted on a bakelite molded end Dlate are %wn adjustable
eonkast assemblies whish extend dewm into the gyro eavity 8o
mmmunmmmuum-mum
special scin silver sastast on the coutest mm. Rotation of
mm.unn-un-,sm-u-.mmm
'WthoMthuodmm'ﬂ' no.un..
In ozder $0 avold scatest ehatter, a 0.008 imeh thisk eentast
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leaf extenis aloag the eontast fase and 1is fres to defleets
abou$ 0.010 ineh before it is depressed sgainst the salid
bSasking of the contast; Wut, Dessuse of a speeisl hook cen~
strustion, it is prevested from moving awny from the comtast
more than 0.010 of an inck. In this fashiom, a stabls "mof®
ocontest is odtained. The smguler rotatioa of the gimbal
freme from the ceater position required to olose a contast 18
Soberully adjusted to adout ocne-lhalf degree. With tiis
adjustuent of the contacts, a rete of tura of about 0.86
degres / sec. is sufficisat to cause enough precessiocal
torgue to overcoms the slight ceateriag aotiocn of the center-
Egioﬂ'goutannaogg.‘g.

™he magmetio biasing assembly is also mounted on the
ssme bakelite end plate. This assSembly comsists of two
6000 olm eoils, wound with number 40 copper wire, which are
mousted in & magnstic frame mads of an iroa alloy waich has
almost negligible hysteresis. A portion of the magnetioc
frame extending over ths eands of both soils is pivoted at
the center iz 4ifferestial relay fashios om two burnished
stesl pivoss. Rigidly fasteoed to the sxmature or movabls
ES“O’E*»U”‘#.!#.EE»&RE
whish extends down into the gyro cavity so thas the proogs
of the fork extend on either side of a Lurnished stud which
is riveted to the gyro gimbal frame. Whenever either of the

. solenoids is snergised, the armature experiences a aagnetie
A )

. B . S
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pull whioh tenks %o osume it to rotate on ite pivete. Mis
torque 1s treammitted to the g0 gisdal frams by mesns of

the lavey and fark. The strength of the bias torgne omsed
by & speeificd curreat ia ths 00ils san be adfusted By means
of two adjusting sorews acunfed ia the armsture which shange
the size of the air gap between the pole pisess of the ooils

and the magnotic portica of the armature. By means of this
sdjustmant, the biss foree resulting frem saturatios ewr-
rent (8 millieuperes) may be edjusted 4o balamne the pre~
oepeiomal sorque orested MY any rate of tyrmR betweea 1 and
u«cou/no._ ™he lever whioch transmits the tarque %o e

yro gindsl frame has & meochsnical advaniage of cas-feurtd,
0 that the movement of the gyro gimdal frame required te
s10se & sontast Will csuse very little change in the air gap
betuesh ths armature and the eoil pols pieeses. - The very
slight motion of the armature whish OSsurs wWhanever s consest
. 45 olosed, omuses the smount of magnetis flux betweea the
eoil pole pisees snd the armature to ohange elightly, tus
chasging she etrength of the bias fores sreammitted to the
gyre gimdal freme very slightly. The maximum "backlasdr ar
ckange in foroe which eem Oseur s & Yesuls of this asties
s gomerally less than 3% of the furee trenmitted te the
gyre gindal frame by a saturated signel.

e SRR EE e
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$: Pexformanee
The porfermanse and bebavior of she sutomatis pilod is

censidaradly affested by the asrvedynamis charasteriesies of
e vehisls 1a WMaish it is installed, and by the type of
serve system and heming istelligenee with which it 1¢ wsed.
e follewing deseription deals prineipally with the pere-
foruanes of the sutomatie pilet as used in the SWOD Mark 19
voliiels and 1 eonneeticn With the SWOD Mark 4 servo uaid
ead the SNOD Mark 2 homing intelligesse. A blesk dlagram
of the squplets somire), systam used ia the SWID Mark 19
vekisle is shewn ia figare 8.

Siaee the tars gyre et the pited gyre axe Very
seasitive, a rate of roll and & rate of piteh suffisient %o
oanse doth the Surn gyre and Si8 pited gyre to maks an oles-
Szioal eentest is alwaye preseat lmmediately after the
relaase of the glider from the mother plans; and a SRTOSSIVE
4isplesemsst of ths slovons 10 immsdiately initiated. A9
mummnqwnm.munuqm
nmmmunttms-nuumnmm
nm.mmmmmunnmunm-
the elevens meviag in the oppoeite sense uatil the rete again
severses. In thie way a farosd ossillation ie developed. In
the ease of She rell etadilisatics ossillation, both the
nt-mmmam«mmmsumnnnm
wmmmwtmwmmmmm
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Mmiag iatelligense, but the angle of bask abous whieh the
Glider cesillates shifts properticnately fram sexe angle of
Sank, whem no sigual for & furs 16 received from $he heming
intelligenss, %0 She maxhmum angle of deak (say 45°) whem
$he dias Ircm the homiag intelligenes inereases So saturatisn.

If the angle of inslingtion of the gyre gimbal-freme axis
with respeet te the loagitudinal axis of the glidey ¢
insreased, meking the tura gyre move seasitive te rell, the
130 1ag of the Warm gyre ia responiiag %0 a reversal ia the
00 of rol) of the glider Lo decreased, emmsiag & csxzespend-
ing desreass ia the mplitude of the roll ossiliatiom. IT, ea
She othar haud, the angls of inslinetios of the gyre gimdal~
frume axie ie dsereased, the axpliitude of the rell) oseillatisn
will isereass, fimally reaching tshe poist st shieh the glider
will sspeize. With a gyro axie isslimstion of 18 degrees, the
suplitude of the rell oseillation of e glider has dees foumd
%o be arcund 5 degrecs and the pavicd uxousd ) seeccad.

The time 1ag in the gywe ariess maialy frus the nesessity
of nllewiag the gyrv rotar te precees the gimbal freme Wtwpen
1 and 3 degrese whea traversing $he epase betwesa santests.
If the pecing detween the gFre costacte 15 ineressed, the
Sine lag insreasss sonsidsradly. Add41%4cnal tims lag is
introfuced iate the eestrol aystem by the eleves serve usis.
The serve uait lag is caused by a lag Of the seguetie elntelnd
ummuawnmu-mmmu

P e R a e o
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and ¥y play in ke serve unit geaving sad 1ts assesiated

m.
In sz sselllatery system of this S3pe, 18 is ovidens

%hat unless the $130 lage of she sonsrul system in respending

s botd direetiocas of movemmat axe the sams, & "squint® i
the average yesition of roll will eseuy. Time lags affesting
the rell-stabilizatitn sseillatien ariginate mainly sither in
She tura gyro ow im the sleven seXve ualt, In the serve wais,
uabalansed lags may de iatreduced by umequal times of operation
aof She left and riglks tura magaetie olutedes or by usequal
anounts of fristiea in ths gearing for the laft and right tum
novemsats of the elsvens. In the gY™e waiS, an undalansed
1180 lag may be cansed 2y a. statis Mias sseurring Whehk 2o
signal for a eorrestion is recsived frem the istelligemee
devies and Wiea 26 Fate of tura 15 Jreseas s which the gr¥e
ie sensitive. This dias may de emused bWy a sechenisal wi~
Salamse of the diasing lever ani gyre Bovemsa$ about e
ke, gindal-frame, pivet axis, by the gy¥e sentaste a8d
Yeisg evealy spased adout the Spring eontered position of
%o contest amm, o, furthermexe, Yy & Was epplied by the
Yiasing eleetrcmagaets to the gyre glabal frems vhea equal
surTests are passing threugh the twe oppoeing eleetrumagnets.
Wessver £0r any Teasca the %ime lags of the somtrel
mrcmcmumnanmmm—o.m

€lider will ot 0se111ate in Tell about sere angle of bemk
ST

: o AT
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when 20 signal 13 reesived frem the intelligecce devioe, Wb
vill eseillate adbout an angle of bank sush that the rate of
yam dus t0 the angle of bank will emnse & dias just suffielemt
te balanse the Ddias caused Dy the undalanes in Sime lags.
Tor noa-hoaming flights, where the path is oentrolled omly My
the gyre iaformasion, the maximum Fate of 4Arift ia asimath
heading that may bDe eaused by unbalamees im the sontwol
systes is about one-bhalf degree per sescad. Im the case of
hasing flights, an unbalassed time lag i the comtrol systew’
causes a oonstant angulay exrer in the flight path. JFor a
system iz whiek the homing intelligense saturetes at § dogrees
departure from the target lias, ths maximmm angular exror Shad
!‘.‘iv«ggogwog-}‘;n .

siomal fores in the turs gyre Shat will oppese the dias fores
from the homing intelligenes that initiated She fura EAROUWP.
s, if it 1s desired thes 4 Eivea biss sigaal from the hem-
ing istelligease produse a oertain angle of bank ef the
glider, 1% 15 ovident that the rate of yaw of the glider for
Shat angle of bank must always be the sems, Howswer, With
She glide-bombd this is Dot $he 0sse. 1In & homing f1light,

she siv-speed of the gliley is mede Se change greatly; amd,

N R A e e ad
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therefore, the rate of yav sceampanyisg say given asgle of
bank alse edanges eomsidersily. The turs gyre must M
‘eijusted to 1linis the meximum yats of tura iR asecrdanse
with the eoniitions of flight giving the ninimmm of mansuvege
ability. This means Shet £or the lewsr air-speeds, the sagle
of benk of the glider esused by & seturwied Deming istellt.
goase sigsel will %6 1ees thanm §8 would be for She Mighew
aiv~-speeds.
In additics, sines %20 mto-pilst must &opead wyen e
rate of yaw te limit the angle of desk of the glider, the ,
maximm rate that the glidey is allswed e baik by the Wwa
\ gyro mst be ¢low enough %0 give the rate of Juw Sime Yo
dsvelep.
e relationskiy betwesn the amount of dia¢ Songme,
Sransnisted te the gyro gimbal-frems My the magastic Masing
elestrcmagnets, and $he amount of ewrrent passing ihrongh the
-mmuupmu-t--nummm
euryent is applied to the grre. If, as was dons in cne SyPO
of redio sangrolled glider, the bias surrest is sext thaeugh :
' culy cas of $he Diaaing eleetramagaste st & $ime, thes the {
mum(mwmmunmmmcm
.m&)vﬁonmnﬂummcmmn.-
. ing through tbe dias slestramagast, Thie relaticaship ie
shown grephisally by euxves *i¢ aad *F 1a figure 9. Noweway,
‘4n the hamiag gliders, errents flow through deth iss
Gttt
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- elestromagnets simmltasecusly, with the mm of the two eur-

rents always remaining fized st 8 millismperes. The ecadisiom
for zerv biss torque ossurs whea 4 millismperes flow thrcugh
oash of the two Oopposing bias elestromagnets. Then as a biae
signal 1s spplied aod imoreased, the curreits vary differen-
‘$ally, wish the ourrest ia one electromagaet deersssing belew
4 millismperes and with the current in the other elestramagnes
ineressing above 4 milliamperes until, st ssturstion, ome
surzent fulls $0 0 millismmperes snd She other eurrent rises
s 8 millianpares. For this methol of wpplyiag bias ourreats,
the bias torque traammitted to the gyro gimbel-freme varies
direstly as the differense between the currents flowing ia the
1we elsotramagnets. This relationshiy is shom graphically
by ourve "0" ia figure §. Ourve "O" may be odtainad by addisg
algebreically the ordinates of ourve "A' and ourve “F'. 35inss
ths surreat cutput of the homing intelligence device is
spproximately direetly preportional to the saguler error im
heading of the glider, the rase of sorrestios permitted dy she
g‘nuvonﬁsguuﬂ%»gsa’ansg.
A spesial dype of irom slley thas is free from hysteresie
offects 15 used for the magnetis frame of the bias elsetre-
magasts ia all of the produstica gyTos. Gonsequeatly, witk
gg.‘.ggnaﬁ'%‘(ngv»’.g’g
:GggivoioﬁEugggg
of surrend flow hrough-the Mas eleetremagaets; and may givea



DECLASSIFIED IN FULL
Authority: E0 13526 _
Chief, Records & Declass Div, WHS .

Date: GCT 1 1 2912

offosts elens were nob Strong eacugh %o sericusly izpair the

asuresy of u Muing flight, t\hey were s added soures of . .,
‘omuiatt orrer, and they 3ade Whe gyres muk more diffienls
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g7Ee, and ourve "W shows the Mias torgue trenmmitted %6 the

gindal freme vhea the das gyro simats the 1efS-tuxn slsetze- -
" magmet of the tura gyro. Whes neither slsetrcmagmet is

siantsd, %28 dlas torque transmitted Ss the gimbal-freame ip

shema by the sivsight-line euzve (eurve =0%) ia the middls.

In the jovssss of heming and damping ous & ywwr oseillation,

s tarques epplisd o the tumm 8379 gizdal-frens follow

ourve A Quring cne direcsion of yaw snd surve " during

the other direstion of yaw. The path of susesasive Sorguels

yow falls delow She minimnm rete required

esontast, then the sorques will follew {im sithey divestiom)
t29 valuss gives by curve *0°. 7The eurves shewm in fignze 1)
are plotted oa the asmmption that tbs Telasionshiy betewsea
the millismperes differentisl cutpus fram #2¢ wing intelli-

The iadividusl scaponents of the mtometis pilet ave
&Iisgusa‘n’egiag&oi .
Siom 1a Tespamss to differestial eurresss epylisd te the bias
olestremaguets. A wseial test stand is ueesd teo sdjust and
celidrate ths ecnponeat gyros. The stend 18 equipped with
the following itemss & presisiem, sﬁ-zu.! l—.....-or.u..

C Ol TSk
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& seures of direst curreat osspahle of wpplyiag any eurreas
Dotwsea § ant 10 Rililemperes o the Mas eleestromsgaets}
yroaigion nabers for asamuring the survent; sad & Soures of
sstien. Pigure 18 is a phetogreph of a test stand that 19
used %0 adfust and salidrete She SCHpEReRS gyroS. Appealix
X 15 a sopy of the test speeificatien follewed at $he
ualiz kviatics OtrPeration, where She proinetisa scmponents
of She entcmatit Piles were mamfastured and afjusted. Aftew
e sifustment at the fastery ¢ further sijustusst of the
YYe ommpenents is mds at any Sime. In the fisld, a very ’
‘ eimple eleetrisal shoek 18 perfemmd 16 tost the *sense® of

he eemtrel sigaals seab from the extomatis pilot to the

serve-unis i respense te precessiocnsl and homing sigmal
" astiem. AS the sams tims, the axte-piles is shesked %o
Aotammine that 20 undes bias is premeat for the ecniitien
“ﬂMiuMﬂmw“Mw
Mmlmmmmmw
Sirough vach shannsl of the sutamatie pileb.
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Mthmlmmmc@ﬂmum"
mamunummommm._nu
understood that the test is to be made as stmospdaris
pressure {spproximately 39.93 1nehes of merewry) and
n-mwmaomwam. um’
mwnnnmhmamcu-m
differing materislly from tha above valwes, proper als
lowanee shall De made for the difference from speeifisd -
oonditions. : . . "
mm-nmuw"mg-n!o,
mousted vith the Oase Filter Cosmeetiom epem ta s
vertiocal plase downward snd shall 30t be vidrated om
tayped while test resdings are deing takea.
NOYE: mm-mnupmﬂunmmm
m-mmasmmcmumm
mpesified. mun-muwun.nmmn
1astalled 1in the instrument sase.
Ieet Bmlumank .
1. A suitable turs stand shall be used for testiag the
wmhtntmc_mﬁmlrnl-'
23° per nimte end between 100° and R80% pez mimste

- ———— . ——_— 20t

R 8N M i L MRt - 3 s b L Lot




DECLASSIFIED IN FULL
Authority: EQ 13528
Chief, Records & Declass Div, WHS

Date: GCT 1 1 2012
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A soures of direst current shall be used, cspedle of
applying say eurrent botweea ¢ asd 10 millimperes
%6 the slestromagnets,

The currest shall be capable of being epplied to
oither or both slsstromegnets as dssired. The oiy-
ouis shall inolmdd e millicmmeter whioh will indicate
currest ia the electromagnets to within 0.00 milli-
superes. Issistances shall be arranged s0 that the
current oz be varisd inm either elsetromagnet 10 the
Tequired smount as 1listed hereis.

The oiresit shall iseorporate necn lights whieh will
indicate whea iastrumeant combests are closed.

IOx. Iadividual Zesis
Bash instrument shall be subjected teo the following Sests:

2.

gtgtic Dalanse: With the imstawment in any operating
position end the gro not spisuing end the imstrumend
1ghtly tapped, the contasts shall mot "make®,
S%arsing Fristion: With the instrument i nommal
posision, staticnary, and not being sudjected %0
vidreasion, & suetion of 20% more than 0.0 inedes of
msroury shall osuss the ©YZo to rotate.

Drasmis Dalaiieet "hes the insirumens is stationary
eand in aay one position with the gyro cperwting undes
proper suction,wiile the instrument is lightly tegped,
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20 instrumns contast shall be made.
4. S8 Exznx Tesyt

‘ge Contgot Seiting: With no curreat applisd %o the
eslectramagnets, tha indicating lights shall
"nake® when the instrument is rotated about ite
vertioal sxis at tlw rate of tura of 11° %0 18°
por mimute, The rates of turm to the left esd
right sball not &iffer by moxre than #M.4° pex
nimte. The sontast shell be eonsidered as
*aade® when the light is om 50 pexroent of the
tiss. The contast shall be sonsidered as
"Wokea® when the light is off more than 80
percent of tha time.
Rectromsaet Mlanoe: During this test, the
&yTo shall be spinning under ihe cpersting
metion, b the ingtrumsat shall be stationery.
Apply 4.0 mils, current to the right eloetro-
nagast and vary the currenst in the lefS eleotao~
sagaet until the indiceting light indicates
contast. The ourreat in the 1s1% eleciramagmed
ahall be within the limits speeified in Teble I.
Repeat the Sest, wpplying a coastant ocurrest of
4.0 nil1s. to the left elsctrcmugnet and Varying
the current 4a the right elsctromegnet until
contast is indjested. The cusrent ia the yight
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olectromagnes shall be within the limits speeli-
fied ia Tebls I and 1% shall not aiffer from the
indicated current in the left electiromagmes in
she first part of this tests by more tham the
qifferense spesified ia Tabdls I.

This test shall de performed and the conditios

of this test’ satisfied with the instrumsnt mouated
in two positions; iz the aormal position ad fa a
posision rotated 90° counterclockwies as viewsd
froem the fromb.

e. Cogtrol Turp Tegss With the imetrument in a

nosmel posision, «pply a current of 8.0 mils, %o
the left elsstromagnet. Notate the imstrument to
the 1afh about its vertical ccis. Vary the rate
‘ of tara until the dalanes poind of the comtasts
18 indicated. 7The rate of turn should act sxoeed
Ahe Solsrumee spesifisd ia Tadle I. With the
ourress of 8.0 mils. in the right elestromagaet,
rotate the instrument to the right and 2epeet e
tedt. The rate of tura %o the right showld aod
exsesd the toleranee spesifisd iz Table I.




R Qe
e 2 - e P o

4.00 21.00 nils.
+0.96 nlls,

20.10 mila.

4.00 20.60 mdls. 4,00 £21.00 sils.
20.30 mils. 20.80 =ils.

i o) Sontrol TNER - 180° 210°/nin. 180° $8°/mia.

; .8+ Qape Jeskt Iu a suitable mamner, 01086 Off She alr in-

" Sake and B "relief valve® scassetion. The sustios
ocunestion ahell be comnsoted %0 4 NOPEUrY mancmeter ' :
ant & sonree of switics. A sustion of 10 imshes of I
msseury shall de spylied So the case. With the sowres
of sustion closed off, the lewel of the maacmeter shall
208 drop more tham 0.4 inedes of mercury is a paricd
of one ximate. .

6. ALE Figrs Ocancet the instrwmest %o a suitable air
210w gauge. APply & smetion $0 the instrumest wabll
& flow of 1.0 eu. f8./min. 15 iaiteeted. Bestion &8
3he oase of the instwement should B0 8.0° *0.5° N
«0.0° Bg '

Iv. e lests
50 following tests shall be pesfumind ou ¢ loast five

. dﬂcﬁyﬂn-mm..mm
VWIS I
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Resufestured. Tests shall be parfosmed in the follewing

G PPl ird
LR ' X

oxders
ie low Tmperetyle! The inetrwmest shall be subjected te

6 Sempersture of -30°0. for thyee hours. With the

Sespereture maintained st -80°C., the instrumeat shall

s subjested to the followiag testss

e. Qonbest Settiag: T instrument shall be tested
for eontast setting in the same memper as spesifisd
1 Seetion 11T, part da. The rute of turs fo the
1078 aad Fight shall 20t exsved $2e valws speeifisd
1 Tedle II. The differense betwess the retes of
tars te t2e left and right shall not smssed Sk
telsremce gives in Tedle IX.

v Zietironaeatt Nlsaes! e isstruneat shall b
Sested for elestramaguet Belases in the mommal
positien only ead 1a & memuer sindlar $0 Sestica
IIT, part 4b. The biasisg eurieats %0 cparste the
2808 and TLEYS contasts shall te withis the limite
 spesified i Tadle IX, whm the surrest is Whe
opposise alsstremagnet is maistained &b 4.0 mils,
The inliested surrents for )oft aal Fight elestre-
magmets shall mot differ by more than the differ-
onee spesifisd in Tebls XI.

o. Qomtrol NIAt TS instrumsnt shall be Sested ia
he manmer similer S0 Seetisn III, pers 40, exeepd

.
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S2at the rate of turn shall bs within the 1imiSs
spesified in Teble IXI. The rates of turm for

lefh and right tuya shall not differ by mows thea
1the toleranse speeifisd in Tadls II.

bis I - Iow Temersinre folsragees
2 Snxe Ritsh S3e
12° se

O ompaptnsim R veASs. LNl

") B L ST v .
e 00 20, . 6.00 1.5 miis.

Citrerease T Cloasmi.  “i.i0nila.
o) Senppb-en m;“go-/u- no;“go-/n- .

8. Zigh Temperature: With the gyre ot operating, tie ia- '

strument shall be subjested o a Samperature of +71°4,
for a periocd of two hemrw. Ho damage to the instrwwed
shall resuls from this tess. ,

3. Yivpation: With the gyzo operatiag tut ne eurrest ia
the elestramagnsts or sontasts, the instrumeas shall
be mounted oa a vilretiocs stast whieh cas vidrete &b
& freqienay of 500 to 2000 CIM snd whieh San osuse &
pom-munmncmumu-omuc
0.000° to 0.005" diamster 1n & plans 48° from werti-
cal. The instrumests shall be vibrated for a period
umm-nuoomm-munr:h.m
of 0.003° to 0.000° dismeter. No damage shall reculs
from this test.

T SV e 2; afp—
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6. §eals Bryor: Yollowing the high Sempezature esd
vilretion tests, the uais shall de subjested o Ao
following tests i & masser sisilar %o Seetion TIT.
s« GoRteS BAANMANT The 1nstrumext shell Ve tested

for soutast sstting in the same mesmer as Spees~
£104 15 Seeticn III, pers 4a. The rates of tarm
%0 the 1af%'and right shall Do within t3e limite
speeifisd in Tabls III. The diffezesse bdetweea
$he setes of tura $o 1he 1afS end Tight skall a8
exseed the Solerense speeiffied ia Tadle IXX.

b. ZisetTomatned Balsisdt The instruments shall e
tested Tor elestTomagast belanes in two powitiess
1n a meamer similar te Seetica III, pars 4b.

The curreas %o cperate ths lsft aad right eantests
shall bo withis the 1imits epecified in Table IIX
whoa %30 curress in She cpposite elestramegnes is
maintained at 4.0 nils. T biasing ourveats foF
e 1078 amd Fight electircmagnets shall 2ot diffew
by moye then the differemss speeified iz Tudle IIX.

o. Copdtel Dyt The instcumests shall Be Sested ia
o Suane? similar to Sestioa IXI, part 4o, exeeps
Shat t3e rets of tmrm shall be wishis the 1imiss
pesitied in Tadle III. The rutes of tura for
1028 and ¥ight Surm shall ned diffezr by msve Shan

e telsranes sllowsd in Tabls IXX.
TN T T
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Sent Seseitisstion
M gme Tmei 12

Wonever the jressurs ast tesperature sxisting ot the

S1me of the Sest 15 N0t speeified defimitely, 18 is

saderstecd $1aS the tesh 15 %¢ be meds at atmospherie

Fressure (epproximatiely 89.98 inshes of merenry) and

&8 & romn tenperature of apyroximately 50°C. Whem Seets

€70 mado ¢t o ctusepleris PRESIETS OF YOOR SNpETetuNe

Sifferiag saterially from the above values, Jroper al=

lewanse shall be 'mads for the difference frem wpeeified

sonditiens.

e isstrumests shall be mounted with the axis of the

ease £1l%er openiag in & vertieal plane up, ast waless

otherwise spesified, shall ach be vidyated or Sapped

while test resdings are deing takea.

NOEE: ALl Sests will be perforssd vish the gyre cpeved-

ing wnder o sustion of 8 ivehes of Bereury ualess

othervise speeified. All tests shall be mede Witk &

relief valve instelled ia the oase.

est Mninment

1. A suitebls turs stand shall be weed for testing the
instsumess sush that rates of turs bebween 8° and
82° per mimte may be obSained.

S. The eiveuis shall iseemporste neca lighte whieh will




initeste when iastrummet stutasts aye elsssd.

X, Zadlvidual Teets

Tae following tests shall b performsd on cach uAltS:

1. Biatis Balanse: uammmu-vm
Positicn aal the gyTo aeS spimaing and b Lnstevaent
ignly sapped, the scatasts shall nob “make®,

5. BUISUS Zriatios: Wi te {setremss in semal
position, staticaary, ant 2ot being subjected o
vibratica, & sustion of act mare thes 0.5 imehes
of mereury shall canss the £yT0 to Fedate.

3. Drmuis Dulsges: Wen the lustramest is stetiosssy

“h."”’odﬁhd“'-“mm

proper sation, shils the instrumset fo LighAly tegped,

00 iustTnent eontast shall %o made,

6 foale BERr Tutt Tie iniectisg 1ighte shell “make

when the instrumeat is roteted abeut its verticsl exis
&% & Tete of tarn between §° pex mimte and 14° pe
Bimte. The Tates of tar 14 4h left st FighS shall
| 806 @iffer iy mare thas 18.4° per nlmte. The cmsbest
ohall o censifered as made vhen the 1ight S8 @8 86
peresss of Whe tine. The couSast shall be cemsideed
85 “brckas whes t2e 1ight 15 62f move hem 50 peveent
. Bk s misis man, ot 2 e
inteke ead the relisf valve commetien. The mmstlen

St
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osumsetion shell be sonmseted %0 & ReYeury maneseter
sud o sourvs of susticn. 4 suetion of 10 imshes of
sa¥oury shall be applied to 82w sase. With e
souzes of gustion slosed off, the level of the
sanauster sha)l sot érop mexe them 0.4 imehes of
merwary ia a period of oas mimmte.

METIGNt Conmset the instrwmsst 3¢ a Suitedle air
flow gmge. Ayply a ssetion te the inshrumsat ustdl
e flew of 1.0 su. £9./018. 15 isdisated. Sustion of
the ease of the instrumet should bs 8.0° Ig +0.9° g
-0.0" Ny

e Date ‘

The fellswing tests shall Yo perfommsd @B &8 lesst five

ot of ovary five Imafvel instruments or frestion theseet

sumfestured. Tests shall be pesfemmed in the followlsg

olams .

1. IR DUPAIANESt The iastwunest shall o subjested
%0 a Sepevstaze of ~§0°0, for thwee hours. WSk the
Seapesuture neintained, She fsstrwmeat shall be Sested
42 She sums WANST a8 SPeeified iR Ssstioa 5, part 4.
The yates of Yarn %0 the loft and Tight dhall 208 o3~
ooed 22° yor miambe. The diffurense betwoen the yYates
of Surn %o the 15f% and Fight shall ok sxwesd $4.8°
PR mimnbe.

8. E Sumersiaret e iastremet with the gyre asd

Sl




operating shall de subjested to a tSamperatuse of

+71°0, for a paxiod of two houre. N0 damage %o the

iostrusest shall remlt from this tess.

S. Yidratios: The lnstrumsat with the gyre cpemeting
shall be mounsed on a vidretion staad whish sel vi-
Wate at a frequency of 500 te 5000 CMi, amd whish
onR Osue & point on the ingtrument case $0 deseride
a eirole of 0.009 to 0.000" 1a & plass 48° from
vertisal. The ianstrument shall be vibrsted for @
period of three hours at 1300 GFX and shall deseride

a oirels of 0.009" to 0.000" dimmster. No demage

shall result from Shis test.

l ' 4. 9018 EXTor: Following the high temperetwre amd

viwation tests, the unit shall be Sasted for oomtast

s08%1ag 12 & masser similar o Sestion 3, pars 4,

eZsept that the indicating lights shall “meks® whem

mmummsumnw»

a yate of tura ast exeseding 18° per mimte. The

zades of tara %0 0 1aft and TighS shall aet $iffee

W sore thas 15.0* per mime.
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