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FOREHORD

This instruchion bogk has bDeen prepered especially for guthorized  instrusgnt
service men who have 2t ihelr disposzl  %the speclal focls and flxtures necessary for dis-
agsgexbling, Inspecting and calibrating Gyro-Forizoms and Ddirectional dyros. Ite chiel
purpese is To provlde Instrustiicn in the repalr of these instruments. In order that those
who repair ther wmay have a proper waderstanding of how they funetion, how  they are In-
stalled ard how they are used, however, Information n referd Lo their gperating orin-
cimles, installation and use nas heen Inciuded.

Instrections for the remair of the Gyro-Horizon are glven In Parl T and for ths
Directional Gyro In Part II. In order to aveld duplication, procedure wihich is comman fto
poth tnstruments, such &3 "Inspection snd Care of Plvots and Besrings", "Dynamic Balance
of the Rotor", ete. I given only In Port 1. Insgellation add Overating instructions foi-
laow the instructions for repairivg esach Ingtme ingtrigtions for shock-absoTh-
ing Instrument penels ars contained In Pert IIT.

Those whoe are confronfed with special probtlems are Invited o consult the Asro-
nautical Service Department of the Sperry Wyroseope Company, Inc., Breoklym, MHew York, ar
aay of the Zollimeing revresentzilves:

Ge £ Tlzcn J. F. Holonkey

414 Reckefeller Eldg., 62 Main Street
{leveland, Ohio San Francigeo, Calif.
H, 8. Burtis W. I. Selover

27T First Awsuoe South 1318 West § Street
Seattle, Wisn. Wilming

T, O, Wenwrandt neific Afrmotivye Corp,
285) Soulh Leswltt BT, Uaior Alrport
Onicago, Ill, Burbark, Calif,
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CYRO-HORIZON

FIGURE 1 THE STANDARD GYRO-BURTIZION

FISURE 2 THE SYRO-HORIZON WITH CAGING DEVICE

FIGUAE 3  THE GYRO-HORTZOW WITH ADJUSTABLE AIRPLANE
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REPFPAIR O9F THE Q(GYRO-HORIZOUN

ZART 1
INTRODUCTION

in airplane piios bas three "senses" which ars affected Dby the posttion of the alir-
planeg in relztion 1o the horizenial: (1) His eyes, which use the naturzl horizon or some
other reference to kXsep the plane in novmsl 21light; (8) his inner ear, which 1g really a
minute form of liguid level; (Z) nis "deep wmusclie mense”, or the feel of hils own welerhi,

If poor visibility prevents the use of the eves fo Keep the plane In normal flizsht, it
has been found tiat the deepn wmuscle sense and the inner esar cannet oooe wiith the problen
of defining the horizontal. This is due to several causes, the most important Deing thet
these sensss naturally Indicate the pull of gravity and cannot distingulss bLetween that
pull and the pull of other forces which act on ther, such as certrifugal force and longl-
tudinal accelaration forcea.

Unlesa he can use Nis sense of visiorn 6o determine ifilg 28titude with respect ta the
korlzon, the pilot'=s sense of balance 15 confused and hls spacial orientation 1s inac-
curate.  %ven birds, when hlind-foldez and released, are unable o continue fiying nor-
paily, but will flutter to the ground in & manner entirely forelgn to natursl {licht.

As the natural horizon i3 the reference which 2 pilot iInstineilvely uses, the Iyro-
Horizon was designed o afford the nearest thing to it —— an artificial horizon within tha
cockpit of the airplane. By means of a minfature zirvlave and a gyre-actuzted horigon bar,
it szhows the pilot what he would see 17 he could see outside the airtlane, i.e., whether
the plane is banking, climbing or gliding, or whether it Is flying iavel. Ly oDserving
the Oyro-Horigon, the pilot can zccurately visualize his airnlane  In whatever lateral or
longitudine]l aftitude he places it, The Grro-Horizon is a4 direct reading indicator of
fiight attitude for tank, olimb a2nd glide.

The standard Gyro-Horizon ig shown In Fig., 1. For use in military airplanes or others
wiich are called upon for gensiderable maneuvering or stunting, a Syro-Horizon wlth a cag-
ing device, as shown in Fig. 2 can be supplied. The caging device affords a msans of
gquickly regaining the use of the inatrument at the concluslon of relis, leops and crther
naEneuvers.

The Oyro-Horleon can be supplied, 1f desired, with adjustablie wminlature zirplane, as
showy In ¥Fig. 3. i? 1t is necessary ta fly the alrplane with the nese high or iow, ths
zd fustaile airplane of the Gyro-RHerizon may bg relsed or lowered by & turn of the knob at
the botton of the dial to centrallize it on the horizon bar.



DESCRIFTION

The wrpese of tne Gyro-lerizoen Is o establish a fixed reference for muintaining
flight atiitude. The gyroscope (whish Is glmply & spinning wheel mounted 8o ITs sXis oan
ne pointed in any direction) alfords the best way of obizining
gscive gize and we

this referance withont ex-

it

Tne Iyro-iorizon 1s operated Ty vacuumw at 4 inches Hg supplied Ly wears of 2 venturl
tube or by an engine-driven vacuum pamp. The gyre or rotor is mounted in ths

aping at approximately 10,000 r.o.m. about a wvertical avis in thse dirsciion ghown by the
arrow, The gyro obeys a Tundamental mvroscopic princivle - rigidizy i+ spuce,  An Indics-
tion frowm the gyre is picked up and Drougnt around To the fzce of the insirment Wy a
herizon bar 2 which Is zectudated by 2 pln & protruding from the case throush & slot in the
cimbal ring 4, A gwall alrplane silhouette on the instrusert 4lal  is observed Dby the
pilot in reiation to itoe horizom bar In the same manner o3 he would obssrve the forward
part of nls avm atrplane In relation to the natursl horiszon in clear weather. (8se Flp, 4)

iny Tendency of the gyre  tn depart from its true position

be caused by

) 13 coprected Ly the pendulie
sketches, Fip, &, Four nanduloug vanes, one of whylch Is shown &t A, zre suspended from

accelerztion forces or by fricii shown In the

the vnderside of the ryroe housing. Bach one of these vanes partially covers one of the
four alr ports B that exznaust the alr 0o Lhe syro compariment, zs shown a2 the ieft, I
the gyro departs from 10s upright position, graviiy bolds the vanss vertlezl, znd one vane
¢loses one pors, wille the orposite vane oOpens 1%s pord, 48 shown at The right, The re-

ctior of afir smitted from this open port  woves the gyro, in The direction C, back to Its
rormal pesition. The corrective movenent, O, which is af ris les zo the oir force,
1s called "Precession” and is charzcteristic of all gyrosconss.

FIGURE 4  PRISCIPAL PARTS OF THE Z¥YRO-HORIZON
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FIGURE 5 ER=CTIHG ACTIOW OF THE PENDULOUS VANES OF THE GYRO-HORIZOW

Figs. 8, 7 and &, respectively, show the end view,plan view and side view of the Gyro-
Horigon.

Outline drewinvg ol the standard Syro-Horlzon and the Gyro-Horizon with caging device
are included i he insnrections for installation at the end of Part 1.

FIGURE 6 END VIEW OF THE GYRO-HORIZON
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FIGURE 7

Rotor Case

Horizon Bar

Guide Pin

Gimbal Ring

Horizon Bar Pivot

Air Seal Assembly
Air Pivot and Bearings
Filter

Rear Cover

PLAN ¥IEWJ OF THE GYRO-HORIZONW

10.
11.
12.
13.
14.
15.
16.
17.
18.

Balance and Calibration Weights
Rotor and Shaft

Front Cover

Rubber Bumpers

Screw Pivot and Bearings

Dial

Pendulum Assembly

Shipping Lock

Vacuum Connection {plug)

THE PRINCIPAL PARTS SHOWH IN FIGS, 6, 7 and 8.
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FIGURE &  SICE VIEW OF THE (WRO-HORIZON

Tha bearinzgs  of Lhe instrument sre lurricsted hefore asoesbly
cation ghould he attaedied uniess the necessary tocls  zhnd

Care avallsile, Thesze tools ore listed ow Page 107,

sontinuous use T the inghitument in not ciimates

ranlenisiing ey tecome Necossery.

it regular intervals such as seprineg change pericds it 1s advisable to hsve the [nstru-
mant resoved from the zirplane ard instected -~ onily, however, Ty an authorired ingtrument
service man  wWho nas at his dizpomsal  the special tools and fixtures necessary for disas-—
serbly, ins~ection and calilration of yro-Horidons, therwise, the irstrasent ghould b
retursed To the Sperry dyrcscope Company Tor inspection.

RETURMING 70 THE FACTORY

Before enincing, remove cadmium plated {wiilte)] case screw  from rear cover of Insfirie
ment case and Insert special lock serew  in sccordance with the Instructions contained In
tue brg  In which the screw is kept. If ingtruvent hes caging device, be sure that it 1s
caged, Pack Che Instrmument carefilly, preferally Iw the szme DoX in whilch 1t was received,
or in ane simllar to IT.

n



REFAIR OF THE GYRO-HORIZCGCH

INSPECTION AND MATNTESANCE

1. Rather than Hokle & particular instrument and sxplain Gow Lo overcome any ansll er-

rongous zoaditions, we will explain the necegsary procedure to  dlsasssmble, Tensserble
and calidrate Gyro-Horizons and Direetional fyros from start to finish, In this way you

will pecome entirely familiar wita the instruments and will be in 2 positicr fo irgsnsct
and apnly the corpect procedure o any zarticular part to be repaired. zHefore sitespiing
te dlsassemble an Instrument, read carefully the foeilowling general instructions, The
arder of procedurs which 1s glven in this ook should Tte followed fthroughout.

Z. The instructions contalned Herein are intendsd fo serve only &5 & fulce in carrying
out the various nperations. Infinite patierce and attention To detall is essantial every
step of Tho way, Many of the minor rontine operations, walch are obviously familiar o
competent instrument men have Deen omitted. Hear in mind, howsver, thal every part of the
squipzent must e carefully clearned and thoroughly Inspectsd before replacement O refs-—
sembly.

INSTRUMENT REPAIR ROQI: OR SHOF

1. Selact & room that can be kept free fram dirg and grif, Tt must be dry st all tines
and ghould e free frow vitratioq. ¥ever Lry o repair a Syro-Herizon or 2 Dlrectional
Tyro in @ main hangar storage grae or In the opan. An air ocondifiowed roon iz recom-
mendead.

2. The work-bench or teble should ne fima and feirly level.

2. Tne folilowing tools snould be availatle

iast Word irdicator, 001 Inch

gurlace gauge

Benen plats, 2" % 18" X 13", planed or ground True

Senzitive drill press

Benck latke, 1/2" collet capocity or more

Jet ol special fools a@d Dixtures supplied by the 3perry Gyroscoape Company, Inc.

4, Dry alr at oresaure of at

a ia
least 31/2" meroury sho 1d be avallable at ingtrmaent roow,

agst 5- 1/2 mercury angd also & source of vacun of 2t
the
5. & punp capacity of approximateliy 10 cublc Teet per minuie atb 4" Hp, will operste
Trom 2 to 3 Gyro-Horizons mmd from 1 to 4 Directlenal Syres.  The alr supply of 3-1/2¢
mercury of pressure ls uged principally for calibratl.a the dyTo=F
ir itz case.

rizon prior to assemnbly

A, Dry air at a pressure of at least 25 10s, per souare inch should also e cvailable
Tor drying when cleaning pivots and other parts and for solnaning the rotors for the dynar-—
ic balance.

7. We recommend that spare parts be stored In glass jars in the instrment room rather
1 in & large general storeroom. 1# stored Iv the instrument room ths Instrument  wan
¢an keep 2 constant wateh to prevent rust or improper nandling. Ses Fig, 5.
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FIGURE 3 ETHOD OF 3PGRING SMALL FARTS I GLASS JARS

CARE OF TQOLS AHD FIATURES

i. Tools and fixturss necessary for the complete repair of the instrunents are listed
on Fage 107, Repalr should not bte attempted without e complets set of rixtures. As
these fixiures have been carefully dasigred and wamifacitured, it 1s imperative that they
receive the vest ol care,

2. Whnen not in use, all nivets, besrings and parts used Iin the assembly of the instru-

ment must be olean znd protected from dirt and rust, W covering with a rust preventative,

ag follows:

Fixture Plvots - Coat with Bust Veto,

Fixturs Bearings -~ Fili with Special Instresent 011 and cover with tissue paper disc.
Trese -iiscs o Le B/8-ipch In diameter.

3. Bear in nind thai & perticle of dust or 4iri on any surfage of a fixture that coumes
in sermtact with  the instrument will csuse the fixture tTo become usgeless as long as ohe
condition exists, When fixtures are pubt into service they ghould be washad thorsughly
with Vareol and drlsd with dry air., Pivets should ther e wiped with s50fT tissue paper.
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Z2TRO-HORIZOKN

4. 011 anould ke used as referred to

5. A& 1ist of recornended miscellanecus waterizis and thelr use follows,

HISCELLAINEGUS MATERTALS 3D THEIR USE

Alcoa Tnread Lubricant

Aluminum 2o, of Amerlca

Bittgburgh, Pa,

Vulcalex

A, £. Horn fompany
Long Islard City, M. Y.

Bleck Elastlic Zeam Composition

d. B, Fred Kuhls
Broaklym, M. Y.

Pze on 2]l sorews and pine threads. Use be-
ween front and rewr case covers of Syro-Hor-
zon  in final assemoly. Uae belween lower
searing housing and czse of Directionzl Gyra.

[

ge as a temporary countverwelgnt when balanc-
ing., Use when calibrating the Directional

Gyre b0 insure an alrtight JIoint beatwsen the
berel slass and the front of the case.

Use mixed with WVwlcazter B5B0-53) between the
bezel glass and the front of the Case during
final cssenbly.

Copad ¥Yarnish (thinned to proper conslstency}

Sterling Yyarnish Co,
Haysviile, Pa.

Special Instrument 01l

Sperry Oyroscope Co., Inc,
Brocklyn, H. Y.

Elack Lacquer "Zapon"
faponeld Black ZE-70

Tre Zapon Company
Mew York, H. Y.

Rust Vetn Ho. &-5

¥, F. FHoughton Co.,
Philadaiphia, Pa,

Yarsol
Colonial Beacon 011 Co.

Breoolklyn, M. ¥,

Levizated Alumins

Tre Horton Compeny
Worcester, Mase.

Uge on gyrc housings,zirpbal rings and vertical
rings where surfaces have become marred  or
seratched.

el
=
B

Tige on warings and plvets as {nstructed,
i puenp T-Z2E6E,

Use on bezel, case, or other outer parts where
the old paint has been warred or ascratched.

Anpiv to all pivolts in storage and use in rak-
Ing up lappine compound.

Use for washing 3ll bearings, pivota and other
parts before asssmbly.

Use mixed with Houphtonts Rust ¥Yehts fo make up
compound Tor lapplng pivots.
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Don't £1t bLearings tcoo tight In recems, & 1lcht press fIT s sufficient.

Don't use oo wach oil, Jge what will stay on The tearing apd no w
Ingtrgsents, oll iz 209 lubrization and 280% rust proofiag,

In Sperry

Don™ fail o touch up the case with tlack lecguer. The bogs may not ¥now the sood
work you did om the Ingide and will form hils opinion from the outside appesrances.

Ban't mishandle the fixtures. They are brecision tools and expensive to build.

Srease thes pivots and oll the bearimes of the fixtures when you are Through with
them. A speck of rust will ruln & beariny or plivot,

Dont's get Tinger meris on the dial,

Don't screw tiwe pivots In too tight. They are easily pltted andé are hard to relan.
Treat them easy.

Dont't mix the balls of different shipuents. ALl halils of 2 single shitment are
sized to .O0001 inch but different shvipsonts will we of different size. 7Ths Ilnpor-
fant thing 18 £0 haeve the five balls in 2 bDearing =11 the Same size.

Don't make an adjustment €ill sure yoi are right. The man wino put It het way mew
nis job.

couls make

i
ot

Don't lose patience when you get a tough one. T# the men That heild
1t work, ¥ou o8,

Hosp your tench and tools alean, A speck 0f Airt can ruln a day's worl.,

Don't be satisflad with "good enough'. 1T Takes zZreal care and good work Lo make a
pood instrument.

Don't fall te use threed lubricant on scraws ang Joints.

Don't Iay the rotor and housing assesbly on the Lench plate where 1T car be knockted
over or lay it down too hard, Tne plvols sre sasily pitted,

Don't use wore lead than necegssary in balznelinz,

Cut the lead weights as symmeitrical as pos3ible. It makes & more woTricen-like Jjob.

Dor't reallpn the peinter unless you have made a change In 1t. It was bent that
way for a reason.

Pon't remoeve the sheft Trom the rofor unless olearly necessary. They ¢an be ground
and lapped withoeul bDeing removed.

iigse plenty of cleaning fluld. It is chesner than work spoiled by dirt.



REFAIR OCOF TTHE OSVRO-HORIZOHN
20, Change the oIl in the pump occasionaily. Pub in new filter cloths.

21, Don't use the paper 011 padg 2 sesond time,

22, Dantt scrateh lines on wall of bearins recess to maie The besring Iit. Get the zpe-
2lial tool Tor thils purpese.

23, Zocd fixtures and tonls cammot take the place o7 cowmwon sense, THINK!

OFERATION %0, 1
TO REMOVE 1HSTRUMENT FROM CASE

1. To renove bne fnatrarent from the cage remiives extrese Care, Bglore procesdi
gtudy Flgs, 13, 11 and 1Z.

REMOVE DIAL
ATTACHING
SCREWS, USING
T-22261 AND
T-22260

FIETRE 10 INSTRUMEAT RESTING I ¥V-BLOCK WITH FROUT COVER REMOVED
PREFPARATORY TO REMOVAL OF IHSTREUERT FROM CASE

2. Remove the bezel assembly (front cover) by faking ocut the eiznt attaching screws.
(Ons of these is & flat-nead screw ssaled with wax and stasped.)

3. Rest the ingstrument on a wooder V-block as shown In Flg. 10, and renove the dial by
tailng cut the Two screws and lockwasiers {2t the right directly benind The dial}., Loosen
with speclial off-sef serew-driver, T-22251, and continue oberation with zsesred, ofi-sed
screw-driver, T-25234,

4, Flace the instrument face down on its Iront cover o protect the pointer bar as
shown in ¥ig, 11,

12




FIXTURE
T-22261

FIXTURE
T-22260

FIGURE 11 INSTRUMENT ResT

BAR WHILE R

COVER TG
OVED

FROTECT FOINTER

0. Remove rear oover 57 g
ig & flat-head screw mealed wiih wal
moved from the case, {See Tig. 12.°

he six {4} at

Mine 297+
e gLy

; omoraws {one of {hese
now reudy To be re~

[
1]

|3

forefinger the gyro and
2. A slizht
o

Instrunent

6. Grasp the gimbal, as shown, @wd with the thumb
pendulum asserbly until the polnter bar fg cleur
tilting movement will the pointer bar ol
tack untll the saring housing iz in 3
+he case, The instrument can now be withdérawn,
in contact with The end of the case.

of e braciket within

RECESSED
FLANGE

FIGURE 12 REFOVING THE INETRUMENT FROM THE CASE

11
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OFERATION WO, 1t

—

i, For Gyro-Horizons with czging device, 1t will be necesssry, first, to remove the
caging kneh and dial Irom the front of the Ingtrogent, The instrument is withdrawn from
the cgee as Tollows:

. i gt hand insertsd in tre top of the case, hold the syro housing

Sing firmly and with the left hnand rsise the cgse off fhe V-hlock and LHurn 1t Sa that
the front of the cose is up. Cars must he fasken  to prevent Infury o the pivot In the
front or Lo ihe polnter bar. See {habt  Dhe instrunent 13 uncaped. {Turn bevel gear on
ouxteide of case to tThe fully uncaved poegition.) Holdlnmr fthe gyro securely, carefilly tumn
the cage clociwige ong quarter of o turn, This will bying the pointer =uide arm  on the
rignt-hand alde of the Insirwrent In line with the gmullier of tas fwoe receased poriions of

P

the bzck of the casze, Carerully tilt the gyro housing sc fhsi Ythe pointer bar clears the

wraciket in the front of the case, znd then withdraw the Insimesent,
front of the case 1o meke sure ohat no part of 1L scranes the walls
does ot come In contact with the end of the case,

FRAATIOHN NG, Z

70 DISASSESELE T

Teft nun 9
{Gen Flz. 13,3

e the polinter,and proceed

2. Ferove nointer by loossanisg

Z,. Raomove poincer zulds oin, using wrench T-20000.

GIMBAL RING
BALL BEARING
HOUSING

POINTER
GUIDE PIN

POINTER
PIVOT
SCREW &
LOCKNUT

GIMBAL RING
BEARING
SCREW PIVOT

FIGURE 13 THE INSTRUMEHT READY FOR DISASSEMELY



Ba, in order bo remove the pointer guide pin from @ Horizon which has the caging dew
vice, 1% will oa necessary 50 bend the shank of & 7/32% open and wrensh Lo conform to the
curve of the gyro housing and to locsen the locking screw underneath the housing.

4. Remove gyro and pendulur ynlt assenbly ag follows:

{a) Hemove ball tesring housing  Trom gimbal ring by tading out  ithe three flat-

head countersunit screws, holding the gyro and penduls unit  with one hand Lo
prevent injury,

{b} Loosen zimbal bearing screw pivot logkinut with wrengh T=20080, and nartly un-
screw tne nivot, The pyro  and pendulw: unls can now be 1ifted out of the
zimbal ring.

HOTE: Do nev disassenble  the roftor housing at this tLime, Put it In a sate place until
ready for inspection and repalir,

Dirt asd gmeisture as well 88 rough nandling {a severe jar: or = combination of these
will, in Size, cause shaft and pivols o become nitled, rTasty or damaged,any of which will
cause an instrument to funciion Isproperiy. Avoid hawdling  of bails, rzces and nivoets
with fingers, Use tweezers¢

1. With a 10-X mapnifying glass, exanine ¢lozely &1l pilvots, shafts und bearing races
and haliz 17 the assenbly to be redbalred.

how sven mimite fiat su

. Balls and pivots that azpear to heve been rourhened should not be used again, FPlv-
i surfsess or Fizws should e replazed wit!h new ones. T 1ot
toe badiy demaged, pivots may be rerround and lanped.

HOTE: Discard any parts that show wesr, rust, or dents, Discard the old paper o1l pads.

3. Moo wuch cannoy e anid  revsrding the ciesnliness of shafits, pivobs and Learinea.
Usa only the speciaz! pump, T-228B8, for cleaniw: bell beariwgss and do 1t as follows:

and race have been inspected, reassenble  the bearing sand rlace 1t
Tour svida on Lhe cone-shaped pert of the puamp.  Flace the housing over the bear-
ruah it down  seversl tines Tnis will Tlood ke bearing with clean oll after
witicn 1t will be ready for r

;ly or for shorage, Kesp the pump T-22888 filled with
Special Iasirupent 011,

2. Shall, pivobs and oftner nolished surfsces should be corefully cleaned with Varsol

8, If, during the course nf assembly,tle operations are interrupted for ar apprecisble
period, all bearings and 8311 plvets should be lubrizated with Rust Veto. When aperations
are reswmed, clean with Yarsoel, dry thoroughly, and apply Specizl Instrument G1l.

7. Never place new ghafts, plyots or bearings leose in a box with other parts. A
2iight scratoh or a particle of rust will affect their creration.



REPATITR OF TRHE & 0-HEQORIZONW
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4. Bpare shaftg and pivels should be well covered with Rust Veto, wranped in paper andg
stored In tirhtly covered slass Jars,

#, Bearines may bhe Hent In small glass jars with v1
e Immersed comnletely In Specizl Instrument 041,

s covars, the beerings to

[

HOTE:  In earrying out the following operations alwayve bear in mind:

]

efars Ingeriing & bhearing

tiie housing.

in a receptacle or nousing, clean Botn the Bearing and

or

i

efore ingerting 2 pivoet In & recess, clean both fthe wlvoh and the regess.
fefore using & fisturs, clean it thorowshly.

When reszsemdling an  instrument, apply thread Iubrlecant to the thresds of the
seraws, and see thet 211 sorews are screwed In tight except when oiherwise instruce
ted

e

GRIFDING AXD LAFPING THE FIVOTS

1. For grinding, an ordinary tench lathe may be used,sorew plvots being hsld in sz 1/4%
chuck, shaft pilvets in an 11/32" chiuek and air plvets in a 7/168" chuck. The lathe should
he operated st 2 moderate speed. The plvots mugst min perfectly true., Use an India Stone
of f£ine grade on the plvot surface, lubricating a4s necesszary with Speclal Instrument 011,
After esch grinding operatlon, exanlne the plvol carefuliy with the aid of a 10=-X magnify-
ing giass. Al) pits must be rewoved before a plvot iz in suitable conditicn for lapping.

2. Tne purpose of lapping tiie pivots Is Lo ensure that they are perfectly smooth and
round. For lspping, a bench type drill-press I1s used, overzted at a speed of 1400 to 1600
el The dri1il snindle must run true and without vibrufion or looseness., The machined
table of the driil press must Do sguars with the spindle within & tolerance of tliree tholu-

sendthe of an ineh. We recommend  the wse of a4 gensitive drill press made by  Adoliph
Mushlmats, Cincimmati, Onio {No. 3 drill zress with drive to sive correct speed), Ona flx-

ture T-23150 may be nsed for ail pilvots, The receptacle on one end of the fixture is
made Lo £1t the rotor of the Directienal 3yro and the receptacle in tThe othar end to £t
tha rotor of the Gyro-Horizon. Fixture T-23150 also includes a specizl holder with split
bpshings of different sizes In whilch gorey plvots and alr plvoets wmay be Inserted.

3. To Insert screw plvoeis and zir oivets in the fixture, proceed ag follows:
A, For screw pivots, place two plvots, back to Luox with a spacer ©betwesn them in the
gplit bushing. If the pivots are short, they wlll protrude from the bushing on either

side so that one or two threads are visible.

B, Insert the Ddushing and plvets In fixture T-23150 from the side whilich hag the larger
dizmeter opening and push the bushing in as far s 1t will go.

C. PFlace the fixture on a brass ring or other suprort which will hold the fixture secure-
1y without interfering with the pivot and haghing whes the hushing is tupped in.

D. ¥lace thie brase plug or plunger over the ton of the bushing,making sure that the brass

plug rests concentrically on Sop surface of bughing without fouching the »ivot, and drive
the bushing into the fixture by Lfacplng 1t once sharnly with a hamer. The asserbly may

14



REFAIR OF THE TREO-HORIZON

now be ingerted in the proper recenstacle and placed on The dArill press Tor lapping,
HOTE: If pivots of greater lergth ars in Be lapned, the spoeer will not be recuired-—-or

if an even longer plvol is Inserted 1% way be thet only one pivot  car be inserted
gt a8 time,

A1r piveis are Inserted in the some manner, Mt a larger husihing Is used  and no
Snaer I8 NOCEeSSRIY.

4, Rotor shzft plvots are lavced without resoving tiiem  from the rotor, It 1s only
necessary to place the roter and shaft assasbly in its proper receptaclein fixture T-23150
and place the Tixture on the machined surface of the drill press,

5, The air 3ivet {n the Giro-lPorizon glmbal ries ond ro*o% housing can slso he
lapped withou r reroved. This ig done as follows: drill V[ 3RE nole) In the
exach reﬂter of fhc driil press table, /18" desp. Insert a male plug, T-21006, in the
Learing recesc upposite the plvot to e lapped. IT will be necessary to mcle certain that
the hole In the 4drill press table  and the drill spindle are In alimment befors starting
Lo lan, Obtaln two pileces of 1/8" 4rill rod, ove Blece approvimately 5-1/8 inches long
ard the other spproximately 7 Inches long. I lavplirg the plvet in the gimbsl ring, chuck
Lhie 1longer pleca of drill rod in the driil chuek, making certaln thabt Lt mans Srue. Tize
drill prsss table can then be swing arawg and brougkt inta allymment with  this rod. £
the rotor nousing rlvet is Deing lapped,use tre shorter rod Zor bringineg zable into allgn-
ment, The rod 15 then removed and tha 1ap incerted in The chuchk, How inzert the end of
the male plug in the nele In the 4rlll press table. This will hold "ousijb or Fimbal in
yertieal position, ApEiy ine lsnping compourd and proceed wWith the 1 1 o
with the following instructions.

8. Two lams are used, & roushing lap ond a finishing jap, These lans are made of Low-
t g5e 1aps ars =iven on page it

el
@
d
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-t
1
o
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O
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wood sand are shown In Fig. 14

z2n ilang 15 #ot surficiant. To assure roundngss of €

CAUTION: The use of the rough 1
g st always e used.

plvot ©n

Thiig cam be obtalined from the Worten

7. The laproing compound is Levig: :
Cempany, Worcester, Msss., For the ranbﬂltg comiound (used with the first lan) mwix as rfol-
lows: 5o /2 oz, of Houghton's 2ust Vete or a light gressge, sdd approximstely a heaping
tengpoonful of the Levigated Alumina  and wmilx thoroughiy. Thir this mixture slighily with
3pscial Instrment 041, Experisace wiil show the proper thickness {or the compound. 1%

should rever Ge Thin enough for the Lev*”aueﬂ Alimina ©o settle oub, The finishing com-
Ley ted Elwmina and is mixed ag fol-

pound Iz alzo s wixlure of Hougnton's Fast Veto and

ol

lows: 7131 & 4 o7, screw-oap jar threes-guarters 2ull of -ou*hkad = Ruat Veto. Add Srecial
Tnsirment 011 untll jar is nearly full, Heat the Jar s urt 1l £he Rust Vaio
and the Special Instnoment OI1 are thorouohly wmixed and rluild. To this mixturz add two
teaspoonfuls of Levigatad Alemina  and shir until wixed thorowphly. Allow the miwture %o
gool without further silrring, Tals =ilows the coarser particles e settle to tne botiom
of the jar and the Tirer porticles o rerain In suspension, It mary
the =mixture slizntiy while cooling, bul nevsr 5o =uch  That The Co&
Levigated Alwsina are neid In suspensior In the cowpound when 1t aas
mlxed correctly, the compound will Te a2 enilory 11lgni brows color.

of the cozrser parifcies in the botion of the jar and the
it will marely Dour or un.
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TOP SAWCUTS 120°aPART

%, DEEP (SPLIT TO CENTER) | 1% -J[

2IVOT HOLE MUSIC WIRE r ]
#42 DRILL(.093F) SPRING .0225

(BORED TO A LENGTH OF SPRING

40°ANGLE.) - NEI({:;EHS:fS;:_?: TO MAKE

SHALLOW GROOQVE '
1 \ " FOR SPRING.
oY
— i/z

BOXWOOD ROUGHING LAFP

Va
SIDE
OUTSIDE

DIAMETER W
OF HOLE
JactapPrOX) /1)

<

TOP
NOTE ' THIS SAME DIMENSIONS
HOLE IS ONLY AS ROUGHING LAP.
ly DEEP

SIDE BOXWOOD FINISHING LAP

“
P
3

WRE 14  FRIWCITAL DTHINSIONE OF THE LAPS

8, Place the roughing lap In the chuck, and =djust the machined surface of the driil
prass 8¢ thet when the lap touches the top of the pivot =8 It restz in fixture T-23150 on

the machined surfzce of the drill press, the driil press lever is anproximstely 30 Gegrees
below The hworlizontal. See Pig. 16,

9. Be sure the lap fits down over the pivet centrally. Then start the drill press and

Iower the lever to a point where the lar is just above the pivot. Apply 2 small amount of
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Inous paiat on the
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HOTE: e hole, remeve 1%, =nd puen the guiside of
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Wi twe nlaces on eash gidz (pee
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the shaft ss deserilbed ahove &

+ ] Fi ot
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pointer nole,

- . & e Vi e e v «~ g tin of
4, The digtanoe metgiring  from the tlop of

o the o

nar is poianted up, should be

SHAFT SHOULD
PROTRUDE APPROX.
L FROM TIP TO
POINTER SURFACE

IF SHAFT {S LOOSE,
PUNCH HERE ON -
EACH SIDE TO

CONSTRICT HOLE RECEPTACLE

DRILL-ROD
WITH END
COUNTER-
SUNK TO

FiT OVER
END OF SHAFT

FIXTURE
T-21817

19
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ALTGRMERT (See Fip, 17.)
1. Clean fixture T-215828%, pointer shaflt plveis, and slot, with Varssl and dr.

2, Slide gauge plur {4} for pointer glot, out &as go, Flace pointer

.
nter bar 1s paralliel

far as it w
3 o
to and just tounches both facss {base nnd gide) of zeuge (2). The pointer should

1
shaft plvets in screw plvoet helders, and adjiust carefully go that p
just soush
the ralsed shouwlder of the gzuge 28 ghown &t £, Polmnter ghould 21t anuwly in pivot holders
without play. nove fauFe plug (B) carsfully until 1% masses through pivaot slot,

RAISED SHOULDERI(Q)

POINTER MUST 8E
PARALLEL TO SIDE
OF GAUGE AND REST
ON PIN

GAUGE (B}

POINTER BAR MUST
BE PARALLEL TO
ANO JUST TOUCH
TWO SIDES OF GAUGE

GAUGE PLUG A

POINTER MUST
BE PARALLEL

PIVOT HOLDERS
TO FIXTURE

B

FIGURE 17  ALIGNING THE POIKTEZR

by 1]

2. 1f necessary the nvolnter may be bent siishtly

treme cautlon shnould be exercised as it can easily

erters the slot easily without binding and with no%t wore than .00 inch clesrance, IT more

than ,C01 inch clearsnce 1s noted, It will bs necessary to closs up the slot oy carsfclly
squeesing the sides together In & smoocth jaw vise. Bee Fig. 18, If slot Is too narrow 1%
will be necessary to grind out the sides with a flet India oil stona. Always exercise exd-
treme caution fo keep the sides of the sist parallel.

to secure rrojer alignment, but ex—
te broken, See tnat the guids pin

FIGURE 18 METHOD OF CLOSING UP POINTER SLOT TO OBTAIN
FROPER CLEARAMCE WITH FOINTER GUIDE PIN

20



REPFPAIHRH OF THE

e

FRG-®O0RTLZOHR

BLLiNCE

1, Cleasn Fixiure T-18845 and nointer pivote with Varsol and dry.

2. Flace pointer with shaft bearing g reg of flxture T-19445
as showe In Tig. 1%, and protect Irom drafits while balencing, @8 & very slight disturbance
will keen the pointer swinginz continuously.

3. The nointer should he balmoed 19 fwe positions, position Wo, 1 as shown in Fig 20,
th the pointer bar upperrzoest, sng position Yo. 2, as shown In Fig., 21, with the pointer
bar horizontal. In File, 80 the welcnt of the entire vointer may be eonsldered to be di-
vided Bilateranlly as indicated By the defted lipe. If tha pointer will wol repmin  as
shown, Wit the bar upvermost, the welsht !s not equally divided, it will be necessary

0 fdd or remewe welpnt  from ong side  or the other of the lead counterweisht, ef A or B

FIXTURE
T 19645

I —
FOTHTER

Z1



REFAIR OF THE £YRO-HORTITZON

FIGURE 21  BALARCE OF THE POINTER BAR TN FOSITICH MO, 2, HORTZONWTAL

When polnter remalins verticael (€ is balanged In position Wo. 1. To balance the Dpointer in

osltion X0, 2 a3 ghowy In Fig, 21, rsmove or add eousl #rounts of lead at A end B or st

» the botzon of the counterwel; wntil the pointer remzins horizontal. Recheck in posi-

iom Ho. 1 %o ses thai the pointer still resmins verticsl, If if Gosz nol remain vertical,

g 8 een rawoved unedually, and thils condition pust e rectifisd, starting with the

balanses In peaiticn Mo, 1 ard Mo, 2 a5 degseribed. Whern the pointer will revain in these
1

imterrediate positions and may be consldered properly

Two positions it will remaln in sl

belanced,
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GF THE OGYRO-HOGRIZON

QFZBATION §0, 5

THAPECTION, REPAIR AND BALINCE OF TSR 41MDAL RING

F/lE-inch apring oollet Ina o

nivot sghoulder grinped Lightly, siowly Turn the mimbe

Ve the bearing from fhe sinbal ring using bearing extractor, T=81510. Inspect
daserilbed in Operation MNe. 34, Pupe 13,

secassary to install & new one, proceed &8
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tite shoulder of the pivet in &
center into Tewale plug, 2il-
fie lathe spindle locked and the
and pull pack at the sume time

#. Fiese femnle plug, ing resess.
2lide tall :

sLtnc Lo ragh Jras on had of lnthe. Whih

iy Tl

Sty

untli tha oilvot i3 ramoved,

4, Champler the edges of & new #ir plvebt slightly with ar India oil store to prevent
waring the walls of the recess as the plvet i3 pressed inte place,

H. Clean Tixture, T-2223% and slug T-22240 with Tarsol snd dry thoroughly,

G, Bemovs female nlup, T-80787, and pluce the giwrel ring  in fixiure, T-Z2R38 so that

¥
ol becring recess f1Ts over Uhe stud in the end of the fliture,

ta

7. Clean tha air plvot, oll the shoulders with Special Instrusent 011, znd  place in

racessad end of tho plug, T-2REA0, Inzert karouash gulde hele in fixture, seceing that
pivot enters sousrely In recess of gimbal ring.

FIXTURE
T-22238

/

INNER SIDE OF
GIMBAL MUST
REST ON STUD

FIVOT IW THE GiMBAL RING



oF THZD GYRO-HLGEHRI
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ure  on eng o owi
nrese or tap inko

R rata s
e Pl

TECESE,

hest way 13 b0 rermove
the dlamster. Tne gecond methond Is Lo
flzt-Teced punch (1732 incw or alizatly

metal In excsssively or distort

and pluts

in the matsl =z
sraller). Lars
51 oringe

ring.

B

3 PRONGS ENTERED
INTO HMOLES IN PIVOT

WiTH HANDLE
EXPANDED UNTIL
iT TOUCHES THIS
STOP, THE PIVOT
MUST NOT MOVE

CHECKINT TO INSURE THAT T

T RO
EA L]

Ler errors are shown, e
aingt ths ghoulider of the
v order to move ik
ising fixture TWEINEE,

Lo Ingleate apain,

Sheck for
erdoece in Tix-

city of IThe glmbel ring oivot can be held witwnin .oongt

FOTE: Tne concsnhr

;
i are In siraightening the pivos with fhe hakelite biosk avd k

Tolszrances are noted, they represent the maximes 113t permissible, WiTs s 1iitle
exira care the tolsrances can s held alwost to zers.
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E QYRO-HEORIZOH

FIXTURE
T-18660

FIGQURE 24 CHEECRIRG THE CONDESTRICITY OF THE ALR FIVOT IN THE JIMBAL RING
TOLEREACE, ,000n INCH.

T0 REFLACE BEARING IN OFPORITE ERp OF GIMBAL RING

1. Rerove female plup T-20787 and replace bearing as follows:

2. Clean recess In gimbal ring with ¥arsol and dry. UMake sure that bearing race fits
properly in recess bDefore Inserting assembled besrinz, Irizert the two paper olil pads.
Saturate with Speclal Instrument 011,

2, Flush out the assembled and insrected bezring with the special) pump, T-22696. Press
assembled bearing into recess, with retalning wagher out, and be sure that bearing and oil
rads are thoraughly ssturated with Special Instrment 011,

PLACE B8LOCK ON
HIGH SIDE AS SHOWN
BY INDICATOR

FIGURE 25 FETHOD 0F ALICNING THE AIR FIVOT IN THE OINBAL RING



GIRODO-HORIZON
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al ring asserbly in fixture T-184880%, and =screw in adjusting screw uniil
tne zimbal ring has barely perceptible side play, There must De MO RINDING,

HOTE: When using fixturs T-19680 for other ©thar calibrating purpeses, De sure  £o remove
T oretainer ring csse from Lhe sdjustling screw plug of the flxture,

2. Tastall glmbal serew plvot  and lockrut 0 side of imbal ring and screw pivot In
filusn with face of lockmat.

2, Attach dizl, fitting over dowel ping with two uiiaching screws and lockwzshers,

4, Attach the pointer, placine the shaft Delween tThe poiniar bearinge and screwing In
on the threaded bearing until the pointer i1s held firmly across the center of tThe disl,
Tighten locknub with Tingers,

HOTE:r  The polinter bearings should be imgpected  for rust and wenr  and
Sary, The fixad bearing ocan e withdrawn with pllers and & 78w Gng Dreassd

This will seldom He NECeSSary, however,

at ail polnta but should snot be

The peinber should clear the
mors thnan 8782 inen from the mirdal viwy as mesgared from thie outside of the pointe

th .
gY L2 the face of the glmbzl ring at the guide ¢

L 8in.

5. Replacs pimeal bell Dearing houslng as follows: Claay Tthoroughly with Varsol and
dry. Insert two new naper 011 pads. Fiush oub The ossenbied bearing with special pusp
T-22828, Frazz hall nearing assambly Into placs, anring retaining washer aut. Fe sure
that bearing fits snugly snd bovtoms in the recess, bul Is nov s0 tlsht fthet insertion an
witndrawal is diffisult. Insert saluminuwe ring (air retasiner washer, large) being sure that

[N

countersuny recess in ring i3 fscing out, Insert air seal ring (fiat washer) into counter-

=1

¥ orecess in ring, flrst wmaying sure That 1t Tits  es=sily over the pivoet in the ryro
nousing and is perfectly flst. Tha elearance Detween the air seal ring and  the nives
1er washer {small) and  inzert spring
locking ring.  Ssiurate oll pads with 8pecisl Ianstrument 0il. Do not #llow oil 3o pet
an the air seal ving.

anollid be nof more than G005 inch, 44d air reta

2. Whnen assembly is complate, Le sure that the air seal ring doss net stlck between
the retzining washers. It sheuld £211 of its own welghil, #hen assesbly Is held in a ver-
tisal plane and fturned one way or Uthe other. Alr seal ring musk e perfectiy flat.

7. OALLaoch housing assemdly to gimbal ring with three flat-head attaching serews.

HOTE: AIR BLOT W SIDE OF HOUBING HMUST BE IN LIWE WitH AIR SLOT I CIMEAL 2RING.

&, B8 sure that spacing shims are in place, with heles in lire with holeg in housing.

9. Inspect lead welrht on under side of polnter supporting arm  of gimtal ring and if

nacassary replace, Tnlz wsight should be approximately 1,18 inen thick and 5/18 inch In
diameter,
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BALAMCINT TUE GIMBAL RING

1. Twe gimbal ring pust bte bhulanced so that 1t will rapciw in any positlon. ™is Is
accemﬂ.ished 1,_, adding or removing lead fron tne baluvcing welpht on the leff-nand side of
acing the diall. In nermel repalr, it iz ssidom necessary o replzcee this

ar the sake of 1llustration we will zpsume $halt 4 rnew ohe hes besn stinched

}.,
)

2. Murn the gimbsl ring so that the pointer bar is versical (sss Fig.28) and tap base

of fixfure with rubbser hamzer, The gimbal ring will swing o one side and cowme Lo rest

with 1ts neavy side down, Ramove weighs from this point until the gimbal ring will stand

in the vertical position,

F. Ture the gimbal ring so that the polnter har is horizontil and tap the bagse of th
fixturs with the rubber hammer, The l1elt side of the zimps]l rio n 1

and 1t wlll be necessary o rewmove lead equally from the toh aAnd the bottonw of the lead
weight or from cantre untll the ~imbal ring will stand In th‘s pozition

REMOVE
WEIGHT
FROM HEAVY
POINT UNTIL
GIMBAL RING
BALANCES
IN THIS
POSITION

TAP HERE
WITH

RUBBER

HAMMER

E T
FIGURE 28 L.\«I"“ TEE dIP VERTICAL

¥3, POINTER RAR

REMOQVE LEAD
FROM CENTER
(OR EQUALLY
FROM TOP &
SOTTOM) UNTIL.
GIMBAL
BALANCES iN
THIS POSITION

PIGURE 27  BALANCING THE GIMBAL RING, PCINTER BAR HORIZOWTAL
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FE CYRC-HORITLION

4. HEecheck the balance In the verticsl nositlon.

HOTE:  The global ring must remaln iv any position when bese  of Fixture Is tapped with
rubber harmer. If nscessary Zead can bs added with a soldering irom, but cAre

should te exerclsed to remove all Trace of the Tlux, Wien talancing, the pointer
nar must he axactly in The centre of the dial,

5. Wren theo balavce is complete, coat the lsad weisnt wiinh Copad varnish. Leave the
assemhly 1n the balancing fixture and plece the complete assembly In the tool cab-
imet ar where 1% will be safe and protected from dust mnd dirt until nseds or further

asiEnlly.

OFERATION N0, B

DISASSWMELY 0F CYRO HOUSIHG

1. Taxe cul, The Iour serews &% the bottonr of the yyro housing, remwove the pendulum as-
sembly and puf it to one side until ready for inspectlon and resssemtly,

for housing and cap asids until rexdy for Insp2otion and reassemily,

2. Remove the throe goraws Jron rotor nousipy cap and teke out the rotor, Lay the ro-

WOTE: Protect the air plvet Irom rust with coating of Mgt Vato avd cover bearings with

THE ROTOR

t. Tme votor asgesbly can e consldered the most vital nert of tThe instrumert and for
+

thls rezgon the Instirument repalr man  is ceutioned that oo nuch cars ca;net be taker in
its resssently and balance. A certain amount of experience 15 necessiry  befors one De-
cormas nroficient in the diflerent operawions, tat at all times the grestest palnms and care
should be exercised.

2. Insnect the rotor &nd shalt (gee Oueratior He, 3 and, If necessery, remcve the
ghaft Ifrom the rmior as follows:

TO REMOVE T+E

1. Remove ©oin receptmcles from fixture, T-21341 (arbor oress) and fasgter the fixture
secursly to the berch Iirn a place wrere 1t sy e left permenentiy in nosition,

2, Place the rotor on the machined sarface of the press, and with fixturs, T-21514,
seated on the shoualder of The skalt, press the shalft out of the rotor, Ja not allow fix-
ture, T-21514, toc scrape the walls of the rotor ag 1f passes through,

CAUTTION:  Never remove shafi from rofor unlsess abaslutely necossary.

T0 REPLACE THE SHAFT

1. Place tha two receptacies o1 The machined surface of the arbor press T-21141.  The
receptacles it over two dewals In the press, Clean the receptaclies with Varsel and wine

éry. {For Dirscticnal Gyros place tie larger of the two receptacles on the arbor press ang

i

cernter one of the gpecial amall brass washers or gpacers in the botion of the receptasie.)



REFPATIR O0OF THE GYRO-HORIZOHN

2, Clean the rotor thoroupghly dipping in Jarsel. Iry with soft tissue paper and nir

&, Flaee the rotor in the receptacle, bucket sids down, {Dirsctionsl gyro rotors,
elther side down.)

e wall

4. Chawpfer the shoulder ol the shaft witi an oll stene o prevent
of the rotor as the shaft iz pressed in,

5, Clean the shialt with Varsel mnd dry with tlgsus paner, Lubricate with Special In-

striraent 013,

5, Insert shaft  in special, rotor-sneft sliesve -uide ow the lower end ol the zrbor

ial, by
nress ram With the champfered shcoulder of the shaft dowys. By means ol  The arbor pregs
lever, lower the shaft zen £11 i* starts Lo enter the rotor, (See Fig. 85}, Fress

soon she lever end turn the rotor

engtin aach Time,

ghaft in one Gar

)
M
-
oAl
=Y
Jurs

ove guarter turn. Continie

the rotor one quar

wp bhe sheft in, one nuarter of its
.

1
v DeTwenn asch operetion uniil the zhall is home,

ARBOR PRESS
T-21141

ROTOR SHAFT
SLEEVE GUIDE

ROTOR SHAFT

FIGURE 28  FRESSING THE SHAFT 110 THZ ROTOR

)
fchl



REFAIR OF THE SYRO-HORIZOHN

HOTE:  For Gyro-Horizons, the position of the sheft In the rotor is ochscked with gause,
T-22871. The inner or sliding nart of the gavece must be flush with the outer part
when 2nniisd fo bucket end, If necessary to move the sheft a slight emount to meet
this conditian, 1t can vest be nmccomplished by placing the rofor in the receptacle
of the artor press with Sthe nigh side yp, and wihlile applying 2 moderate pressure on
the shafs, tanping the ol of the ram with a fibre mallst, In this way the shaft
28N De meved & very amall smount &t 2 time.

For Divectional 2yros, the position of the ghaft Iin the rotor isg checked with
geuge T-ZZETZ2,  The inner or sliding npart of the gouge wmust be flusn with the outer
part when anplied to eacn side of the rolor,

CHECKING THE CONUEHTRICITY OF THE ROTOR

1. Before balancing the rotor it ie necessary to irdicate the osutside diameter in

ordsr to detarmine concerntricity.

2. Place the rotor In fixture T-18881 apd tighten the 2djusting screw until the rotor
has no end-play betwsen the bearinge, yot does mot dind. (See Fig., 29.)

3. Use & standard Indicater at the top surface and two sides of ine roler, revolving
the retor siowly. 1If sny of these surfaces varles more than 000B" during o compiete rev-
olutlon of the rotor, we advise Ihat the rotor and shaft be returned to the fastory,where
speclial squipment is svailable for rectifying this condition.

FIXTURE
T-1966¢

TIGURE 29  CHECKING THE COUCEMTRICITY OF THE ROTOR
TOLERANCE, .0COB INCH

30
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REPAIR OF THE S7RO-EOR

TVRANIC BALS

1. I# 1% were possitle to wacnlie The robor nerfactly true and have The mrierial per-
nomegsneoys, dynanlc palance would not be necessary, This can not be ottained In

t1y eccentyic and the material has SOME
these heavy

howaver, 28 bhe roior is alwoys sli

nz thaf are neavier than others. The dynawle dalancs cansists of Tindin
s 0r nlaceg by counter-b tihey with Vuleatex pubiy and then drilling or re-

- material  from the wheel 5T these heavy snois,. The heavy spot on one side of the

L

wheel 15 06 indiceticn  for whe opposliie slds 4o gach side of the wheel will have to e
The Two togsbher.

reated as g separzhe problam, but at The same Time vworkin

The results wiich will 2e obtained in dmsmic
slancer and unon his sense of feelin

riazncing denend larpely upon fhe ex-
in deﬁscti;j unbalanesd conditions.

16T, me two rotors will present The sume pra'iem~ Thersfors, rather than attenpt
wr:  any nard and fast Instructions, we will outling the proogdure which
e ol lowad, Tanalderable experience will heve to be zegulred before

o balance mwickly and with the degree of  acouraoy

are wWill »e ab“ Lo make The 47
reacnaed af the fuctory.

= s T

3. Clear btwo Ingspected hewrings {Part Ho. 12
ingert ther in the siiding bearing heusings of fixture T-22488. Holdizg the fixture in the
left hund witn locking scraws up and Soward ftne rig lower sliding housing so
thut it projects atorowisately 5718 ingh  inaide of risg, and tighten  the mmurled losking
sarew, Holding bBRe rofer in the palm of the left nand andg the fixture in the right hand,
carefuilv lower the fiviure upiil and pivois are in 1line and lower mivol is rest-
Carefwlly iowsr the upper bearing onto upber plivoi, ITurning the
tera the heurine, sare zhould be evwercised thot the upder hoeusing
tais will dindure the »ivet or The bearing, Holdin- the fix-
vilthh the loose housing wpnerzcat,revolve the rotor with
g pressing  the apher bearing housd iown 3liphtly and furm-
7 o prevesnt any Dossibili“f o end-vlay, Cert the lockd BOYEW.
AL thig Cime it moy be well to caulion the operator thal bearings ond pivoss muast Lo som-
malously clean, Resrings must g the best and pivots muzt be lapped s described in oper-
ation ¥o, 5.

21} with the speclal pump, T-28686, and

i, adjust

\.t>

4. Holding the fixture fimaly in the left hend, as shown in Fig, 32, apoly 2 jet of

o]

FIGURE 30  PLACING THE ROTGR IN FIXTURE T-22408 FOR THE DYNAMIC BALANCE

31



REFATIR O0F THE GYRO~HORIZOUN

A0TOR T4 FIZTURE T-224¢6 READY FOR THE DVRANIC BALANCE

slr to

o huckerta of the rotor Tor o Taw seponds, 17 air T & oressure of anwroximately
fros: aonozzle 1719 inck In dlameter Tour or five seconds
ig enousnh to give the rotor sifficient zpeed for the firet z Kever averapéed the ro-

e besrings or pivots,

log, per scouare ingh 1w

for, as a hadly oul

gréiTion at high spead will

T, oHold e Il
vibratlion wrich Is
wiich 1z Kaown to

50 a3 ©o learn the
anln It &s described alove, ond

anblyving & smrll nie-a oi vl cater
aeain, ang note

it is aaxisaola

-

of “hiiontexn
near the rim on ihe end at

Jeh to Zhe rotor and note
sed or ﬁeﬁvedsﬁd If increased, move
fon. IT winrotion

. To conTinde with the bulsnos, stop th L d arply & suall
{avrut the size of
aiiicih the srestest
whether the vibrations
150 around the face of

I

: v““in chesk for vibrat
wove yulcatex 90% from starting point and repeat checl. it one of these four poinus 1
will be noted that vibrstion iIs redused. 8niri the VYuleatex a slishi arount
yelen

this point or until rno further improvaerent can be made with The amour

FIGURE 32  SPLIWIAC THE ROTOR FGR THE DYNAMIC BALAND



GYRO-HORIZON
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FIGUEE 33 METHODS OF HOLDING THE A4S




REFAIR CF THE OYRO-HORIZOGH

Znis point 1z Pourd and vibration 15 stiil present, remove or add
2 roLer in the same

Ce

Vuloaieyr un ne vibretion can be felt. Treat the opposiic face of ih
mennar, It will 2e noticed chanping welght on eone side of rotor affects the bDel:
amount, Tontinue changling the Valeatex on the two sides of fthe

20t oun be nade.

7. When sstisfied with the Peel of the rotor, rewmove it from fhe fixture nelding

: The eye, sight acrogs the face of the rotor and mark a iine wirc

a0 - 11
oOTencii,

gxachly oppositse thc VuleateX, pencil 1ing e neayy spot of The zad the
place where i 15 netessary Lo remove weight. e & canterpunch mars 8T & o thils

iine (3/4-1 fro the rim for

from the center Ifor Gyroe-Horizons, and 3/3%

Dirvactional Syros).

ad 1n the same manner, warking the heavy » on the opposite

tor.  Driil at thess pointg, using 2 driil and rexovinge an amount of ¢
approxizately half the Tolare ol atex.

san the rotor asd pivots thaoroushdy with Varsoel, dry, aed replace in Zixture, Re-
pent the srocedurs ouflined above, note vinpration, zand re-drill 17 necsgsary. When satis-
fled witht the feel of the rotor, apply e alir jet long enounsh o Lring the rotor up to or

1y In excess cf its wormnl ezeriting speed.  Apain f22] for vibration and correct zs
cannol be fongldered as préferiy nalansed mically untll it

its wormal operating spaed,

-
outliined before, The rotor

el

will run guoothly wWith no discernabis vibrablon

NOTE: Make two dises of 1
zpproximately 1/32 inch ithicl Irnsert them back of fthe bearings In the s
housings of the . These 4iscs will preavent Zirt f(row enteri
mearings while tne Ilzzure is net In use, and alze will makve 1t easier Lo flush ouk
the hearings with the specisl pump.

a giametsr slightly less

OFPERATION ¥
THE ROTOR HOUSING FOR THE ZOTOR

PREPART

aring ass
heard AEs

and lay them azide 1in a =mafe

repair. Ses Opersfion Mo, 3.

17 mecesssry Lo Install & new e,procesd Az f2l-

retess.  Srip g shoulder of the pivot In .
Siide tail stooy center initn fens
lathe, 4With the lathe anindie 1noiked
rohor nousing  and oull haek et O

g plug, al-

the nlv-

time

5. Cizan fivture, T-22E58, a

LS

54
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YTRO-HORIZOHN

2. Remove Temzie plup, T-20787, and place tae rotor housing in fixbure T-2223% s0 that
e ball hedring recess Cits over the stad In the end of the fixture.

T, Llean the alr pivot, oil the shouiders with Special  Instrmeni 011, and place in
the racessed end of the plup T-22240, Insert through gulde hols in fixture, seeing that
the pivot enters squarely in retess of rotor aousing,

B, Turn the fixture on end with plug uppersost, {gsee Fig,24) and press plvot  into
piace wilth an arbor press or tap into plade with a lead hammer. CAUTION: Ee sure that
the pivet Is seated firwly In the botiow of the recess,

PLUG T-22240

STUD FOR BC TYPE
INSTRUMENTS

INSIDE OF HOUSING
MUST REST ON STUD

FLARE 34 INSTALLING THE &I7 FIVCT I3 T=E ROTOR WOUDING

g, Check to Insure that The pivot is tight erough in the recess, using fivture T-28023
ag shown in Fiz. #23. The three prongs are inserbed in the holes of the pivol and tha mov-
able arm which iz comnected withn the spring Is turned until it just touches the stop., The
oivol must net move. if It does move tLhere are two ways of tightening it in the recess.
The first and Dest way Is to rewove the nivot and nlate the shoulders =0 as o increase
the diamster. The second method 15 tvo pean In the metal around the pivot with a very
gpall flat-faced punch {1/%2 inch or slichtly amalisr), Care must be exercised not to pean
the metal In excesgively or disteort the gyro housing.

TG INDICATE QYRO HOUSTMG PILVOT FOR COMCENTRISITY

NOTE: Even if a pivet is found, after Inspection, to de  1n perfect condltion, so thet 1t
dees not have ©0 be removed, it is always best fo indlcate the pivo:r rfor concen-
tricity before reassembling the instrusment. The procedure 15 as Tollows:

1. Insert female plug,T-20787, in bearing recess In zZyro aousing with shoulder end
out.



REPAIR OF THE GYRBRO-HDRIZON

2. Place gyro housing In rixture T-1984%7 and screw in adjusting screw until housing
is free to Lurn without end-play and without binding. Indlcate large diameter of pivot,
turning the housing completely around. The indlecator should not show a greater varlation
than 001" for one complete turn. Turn housing 45 degrees on each slde of the vertical
(1ts operating pozition) and indicate as before, The Tolerance in this cass must be with-
in .0CO5", {See Flg. 35.)

3. If greater errors ars shown, remove the gyro housing from the fixture, place a
bakelite hlock against the shouider of the plvot at the high spot and tap the block light-
1y with a hamwer In order to move the plvoet inte Letiter alignment. This may be dove in the
game maAnner as described for the gimbal ring air pivet, paragraph 2, page =24, Check ror
tightness, veing Tixture T-22023 as instructed previously {see paragraph ¢, pege 35) and
place in fixture T-19647 to Iadleste again, Repeat operations until plwet is found to be
within the 1Imits given.

NOTE: The concentricity of the gyro acusing pivet can be neld within ,0002" by usine a
1ittle care in straightening the plvot with the bhakelife block and hamwer. Wherever
folerances are noted, they represant the meximam limit permissible, With a littlie
extra care the tolerances csin be held almest Lo mero.

TO REFLACE ROTOR BEARIWG IH SYRC HOUSING

1. wWagh the rotor housing thorsughiy in Varsol and dry. Insert one paper oil pad in
bottom recess and press In a selected bearing, using a brass punch of aporoximately .600-
inch diameter +Go make certaln that the bearing is seated f1mly on the bottom of the re-
oes8., Wwash the fell oill pad and insert over bearing maling certain that no nairs from the
felt Touch the bearing surfaces, Insert the retaining plate In the receas with the convex
side up and stake in place at three points. Saturate the bearing and oil pads with Specizal
Instrument O11.

FEMALE PLUG
T-20787

FIXTURE
T-19647

FIGURE 5o CHECKING THE CONCENTRICITY OF THE AIR FIVOT IN THE ROTOR HOUSING.
TOLERANCE, L0005 INCH.
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HOUSING UPFER BEARING PLATE
1. Removs hearing from benring housing for inspsctlon zs follows:

2, fisan meusing and oll-pad thorou

1y with ¥arsol and dry,
scrived in Operation No. &, page 13, ang reassemble, makinm surs
Inz plate 1s cupped down and that no halrs frosm the feit oil pad are © : :
surfaces. Sitake the plate in place at three souidisiant noinis, Fluogn out  thie conpiete
assembiy with pump and shale sub eXcess oIl

5. Clean inglde of nearing housing recess with Yargol and dry thoroughiy. FPlaoce five

slean shims in the botfom of the recess  and insert spriar washer, Slide besrine nousing
asgerbly into racess, first lubricating with 5 small arount of Speclial  Instrmpent  Ofl1,
Muke gure that ey way is In lineg with small dowel nin, The nousing should have nd Dlay
but should still have an easy, slidimg £1t. The spring washer should push fhe housing

auth again after it iz campressed,

ALUIBTING THE ROTCOR IW THE HOUSIHG

1. frest care must he exercised when adiusiing rotor in Lo BXRrt Io0 Lach

a1l

presaure on bearings snd pivots, as they are easily damaged

1, cerfain thu
dirt is exsiuded.

2, Pizece the upper pearing plate, incinding the bearing,

neusing, over the

4 the upper bearing dlate ond housing Logether and snake pently to Teel for end-

1 ing
olay. T there lg snd-play, sdd anotler shim, I too tighl, rewcye one stim or rasove &
thick one 2wd mdd o thin onz, Use noleg on under side of hRousing o chedy whethar rotor

B
urns T iV, e T mast ried unt hag been 4 =ined that fhere S8 no end-
turns {reeiy Trie rotor must be tried until it has been determined that there g nn [

pilay ang that the rotor is fresz,

COAST TEST

For €his teat, ths gyro nmust he uprighi in sormal operating pogition.
1, Fit o rubber tube over large diameter of zir pivet and conneci To a mancieter and
air 1line having & pressure equal te 3-1/2 inches of meroury,

2. Turn on air suprly slowly. The rotor should stert revolving when the o
isters frow L2 to L4 inches. Run the rotor for five :

T OUTT T~
inutes at a pressure egual to 3-1/2
inches of mercury. Zut off air. Cheott Lime it vades for rotor to come fo o standstill,
Tnig mast oe Deiween £ and 10 minutes, IT iless th
the bearings, Change shims and repeat test

v 8 rilnutes, the roter iz toe fishi in
coast s witnin the lislts specifisd

E. With rotor mmning at cperating steed, listes to Its smound, using a serew-driver as
a stethoscope. Tais ghould be 2 saooth, swisning sourd. I woisy, it is due to besrivgs
or pivots not belng in perfect condition, and sheuld be rectifled before further assebly
is avtempted.

‘..
-1



REPATITR 0F THE SYRO-HORIZON

OPERATION HO, 16

BEFLACING THE FPENDULUM ASSSBLY

Clean pendulum assesdly theroughly with Varsol and dry.

1. Insert guuge T-E0BES4  through any one of the four elongated noles with the recess-
ad gide facing the bevelled edge of the vane, The end of the rauge will protrude through
the elongated hole on the oppesite side and pass the bevelled sdze 67 the varie on that
side. The bavelled edge of boith Ghe vanes should Just touck the gauge surfaces. BDend, if
necessury, to wmake this so. Repsat test for the other palr of vanes. {See Fig. 38.)

) VANES MUST JUST
GAUGE T-20594 TOUCH GAUGE

FIGURE 35 CHECKING THE VANES OF TEE PENDULAR ASSEMBLY

2, Zheck the end-vlay of the vanes. This should e barely perceptitie.

3. With pendulun asserbly  neld with vaneg polnting down 2t an angle of approximately
45 deszrees, see that the opper vane c¢lezrs the suriace. Tne vanes must swing perfectly
free and must not clear the pendulwst body at the holes Ly more thanr is recessary to glve
perfect freedom., ©Bend the varnes ss necessary but be careful not Lo break the solder.

4, Attach the pendulurm assembly o the botiom of the gyro-housing using the four at-
tacliing acrews and lockwashers,

NOTE: Never use screws longer than 3/8 inches, as longer screws will interfere with the
rotor.
&, Make sure that rubber tuwsper 1Is in good condition and is firnly attached to  the
bottor of the pendulus aszembiy,

8. Remove female plug, T-20787, from bearing recess ard replace bearing ag follows:

7. Clean rescess with Varsol, dry and inseri two new paper oll pads, Install & clean
and inspeacted bearing In the recess, making sure that It dees not it too tight. A light
press Tit is sufficient, Use fixture T-23736 and under no clrcumstances should any other

method be attempted.
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QFYRATION MO, 11

BALAMCING THE OYRO HOUST

2 La 0l 1

PRUTULUT: ASSTIELY

using Alcon Thread Lubricant o prevent

Attach spall lead Lelencing wel-hts, twh on the
Z, Ins

I':
sad lubricant  on threads ol attashing sorews, TRESC SCTEWS

nousin and  one o the rear gide of gyro hougi

sartical ooz

nave lochwast

Z, Planoce zyro housing and pendulus asserdbly in fixture T-15047 and serew in od!nsi-
ing sorew until mssesbiy is free to furn without binding and witihout end-nlay, (Ses Fim,

Z7).

LEAD BAL ANCING
WEIGHT

TAP HERE WITH
RUBBER HAMMER

THE FYRO HOUSTHSG AND PRMDULUN ASSEMBLY, YERTICAL POSITIC

pendulun asserbly down, rewmove lead Ifrom heavy side of 2yro-

core to rest gt sqi@l distornces sach 2 of tha vertical

wWith rather hay

HOTE:  Due 1o the pendulous vanes, the nasembly  will nobt stand vertiesl, bHudt pusbt be hel-
that it stands equal distances on edch slide,

m
m

el

4, Plzes gpecizl counterweliznt, T-21022, on thraods of balatcing stud g 21026 48 oS-
sible Lo Lon of housing {ses Fig, 38). Hove Lockruts and weshera wntil assenbly will
gtand onerfectly horizontal on eltisr side wihen dbase of fixiure iz tapped wifth rubber nam-
mer, It will be necessary At thines Lo add or rerove wa

reres, buh the use of nores then five
wasners should be avoided as this s 2n indication that the rotor Is not proverly located
it, HKechaplk the vartizal balsnce,

S, Remove zpecial zounterwsight,

Crl
]



COUNTERWEIGHT

[

T-21022

TAP HERE WITH
RUBBER HAMMER

{RIRE 38 I8 MG THE OYVRO HOUSTD

Nl A TR
WITH COUMNTERWE

FENTULUM ASSEMELY,

NG STED

HOTE: e
SPERATICH O, 114

For Oyro-Horizons with

The protedure 15 as Iollows:

lace polnter guide Tin in myro-hoisl wWith the caging 2y approxizatelsy  hori-
th

in The side of the i'se thread

1 v
y Ooeration Heo. 2, parafirelkh sa.

The front side (dial side) of syro-

o

2. Attazeh small lesd TDalancing welimiis, tw
nousingj, and one on the rear side, in 8 vertical nepiticon, using Alcor Thread Lunricant
on thresds of attaching screws, These scorews have lockwashers.

2, Place pyro-housing and pendualus a2ss
serew until assembly is fres o Tumm wiih

In fivture T-284050 and serew in adjusting
nding and without end »lav. Flace flxture

T-28455 on 1tas side as shows in Fig. 38.

4, With pendulirs assembly down, rereve lsad  frosm heevy side of gyro-houslng until the
asserhliy will come to rest st equal distargses  each side of the vertical when Lase of fix-
ture is sapped with rudber ha

=k

NOTE: Due fo the pendulous vanes, the assambly will not stand vertieal, but must be bale-
anced so that it stards eaual distances on escn slde of the vertical.

i
o
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3YRO-HOQORIZON

FIXTURE
T-26405

LEAD
BALANCING
WEIGHT

e

FIGURLT 3%  BALLNCING THER §

{GVRO-RORT 0N

ST FENDALUN A58

Latoact Skt
DEVICE;

stard perd

is 0L properly locsied on

8, Rerwove gpsclal counterwaig

i

COUNTERWEGHT
T-2i0e2

FIXTURE

TAP HERE T-268405

w ITH . . . .. : : e
RUBBER | R T
HAMMER g e

=
':ﬁ
s
b

s

1L, FOSITION

GYRO HOUSING Mln FERDULUM
i
:

1 WITH DAGIRG



nEPALAIR OF THEE GYRO-HORIZION

OFPERATION HO, 12
A3SEMBLING THE SYRO-ZOUSING IN THE 3IMBAL RING

1. With gintal ring in fixture T-1968C remove polnter, unscrew pirbal ring plvet un-
£11 1T 1Is nearly out of ring, snd remove gimbal ring dearlng acusing.

£. Rerove pointer mquide »in frowm zyro housing, Insert pivet In the piwhal ring bear-
ine housing opening, and raige the Wousing Into the zimbal riwe. When the besring is in
line, screw the Zimbal pivot in.

F. The gimbal ring dearing housing may then be inserted. Be surs shat tie air siot in
tie housing 1s in line with the 2ir sio? in the glrbal ring and that the air seal riag
1 } 18 perfectly free and itz easily over the pivok. It mst fail of i{ts own
Be careful not to Injure ire alr sesl ring when the pivet enters the gyro-hous-
Betwean the air seal ring and the oivot sghowld not  be mare
tighter the three Dearing aousing attaching screws, Sorew

the zide-play barely disappears, Tighien the nivoet locknut,

=
(]
p
P
ot
N

I

4. Screw polnter gulde pin Iate side of syro-Nousing, using spec
L+

i ial
Luibricaete palnter pivotsg with Special Ingtrument 611 applied with = tooth npick,

5. Attach polnter to gimbal ring by placing shalt between plvots wish slot oyer gulde
pin, and then Tlgntexning the scrow pivet ard loclnnt, Tae pointar shaft  anoulid have ap-

proximately 001" end-play, by fesl, babweer the pivets to irsure proper functionin:.

£. There must be a very alicht amount of play hetween pointer guide pin and pointer
glot in all positionsg, Twis ghould e apnroximately 001",

7. Tne polnter and polnier bar wmuet Be entirely clear of the dial and gimbzl rine,

FIXTURE
T- 26406

R

FIGURE 41 TWDICATING THE CAGING ARM. TOLERARCE, .001 INCH

{GVRO-HORIZON WITH CAGING DEVICE)}

]

4

by



HEPALAIER OF THE OCYEOI-HORIZO

o=
=

Ta, For 1; ad from fixtare
GECG ang the pointer pilde pin ghould 3 fnllows, Rest
the pyro-housing in fixture T-Z8406 as shown in Fig., 41, =aad Ind cate the top surface of

the cagping arm. The indizator gsnould not ghow a variztion of more than K1 ag the bzll

woeaglng device, the susgsend

|
=

ig woved over the top  of Tthe cagling arm frowm froct to back. The clearance Dbetwesn the
cing :oand the side of the fiwmture siould e approdimately G158, When caping are in-
dicateu within 001", tighben nut on pointer ruide pin ond tizhten gwall logking scerew on
under side of gyro-housing Recneck capting ane: with indlcator ©o0 see  that 1t 1s sTill
within tha regulred Tolerance, Jeveral atLenpts may pe necessary  before the caring arm
indlestes corractly when Dot the nut and ths locking screw are tisht, keplace the as-
sambly in fixture T-1888C 2nd proceed with the asgenbly as follows:

8, Ses that the Tyro housing 1s free Lo move eitner way until ths rodter stop on the
wotton of the pendulun assenbly Touches bthe hothox of the ginbal ring, and thot tne point-
er suide pin moves Treely in the siot.

9. Witk the pointer s=ttached, the zimhal rirg should swing equal amounts each side of
the yverticzl, Tan on the base of the Tixturs with a rubber hemmer and 17 the gimbal ring
awings down on one side 1t ig evident the zyre housing and pendulun assesbly Is neot gen-
tered in tae rinbal ring. See Fig., 42,

10. Whan this is the case, loosen lecknuf and back oul screw pivot one hall a burn, Re-
move zirbal ring bearing kousing and =2dd or resove snlms, s the case may hHe., Heplace the
nearing nousing and tighten screw plvot as previously explained, Be sure that shing lie
perfectly flat with holes in iTine with screw holes In Learing nousing. Continmae in this
marmer until She gimbal will balance so that it stands spproximately equal dlstances from
the vertical on sach side, Tt 1s dlfficult to obialn a perfect balance and it Is prefer-
able to hiave the assemoly slightly heavier on the slde of fhe lead welizht as this will ss-
slst in ealibration,

ADD QR REMOQVE
SHIMS AS NECESSARY
TO BALANCE

TAP HERE
WITH RUBBER
HAMMER

FIZURE 42  CEWFRALIZING THE OYRC HOUSING IN THE GIMBAL RINZ



REPAIR OF THE o8YR20-H0RIZOH

HOTE: By the uss of the rollowing shims  the begring housing way be moved 1In or out o
centralize the gyro nousing and pendulum assembly In the gimbel ring.

Part #124074 puper ———-— 001l-ineh thick
m, Pary FL27170 wrinum —— JO02-1inch thick

Snim, Part FIE7I77 alusinum —-- OCh-ineh thleck

il. With the balunce cowplsted, rechecl for play  in the pyro-housing bearin

7s., There

w holding
e gizlal ring horlzontal and turnines the gyro-housing ss far as 1t will 2o and releasing
L. Couni the nuwmber of swings it wakes. With the instrument coupletsely zasemblad, this
should be & minlmur of fthree bhzli-swings, OCbserve The manner In which iT coies To rest as
this will be an .indicafiom of whether the besrinss and pivots are in perfect gondition and
free from dirt,

st be HD PLAY yat the ass iy mwust ©e perfectly Tree. Chack thls freedon

QPERATION N0, 12
CALIBRATING (IWSTRUNENT IX FIXTFURE)

l. The purpose of ezlibrating the Jyro-Horizon 1s to insure that the po'nter bar will
come to rest norlzontelly at the center of the dial fror specified positionsg, In approxi-
mately edizal lenmths of tinme, Any Instrument which has Leen removed from its case musht be
caliorated both out of, arnd In fie cage.

2, Tae air retainer assesbly 1= placed on The adusiing screw of fixture T-18860, is
previously mentioned this assenbly was removed while the pimbal ring was belng balanced.
The air retainer asserbly rings wusit be ¢leaned with Varsel an%il there Is no trace of
dirt or 0ll, and =must be free te fall ‘of their own welght. It is pood practice to flush
out the fixture beanring at this fime and siieke oI eXcess oil. AdJust the bearing until
the Instyiment is free to Lturn without piay and without binding, A wery slight amount of
slde-play fs permissible at this point, but under no sconditfions sust there be end-rpiay.

3, Connect tha Instrment to & wanometer and =n air line as shown in Fig. 43.

4. 3tart air slowly and bring up to 3-1/2 inches of mercury. Let Instrument run for
five minutes.

5. The pointer bar may vibrate or "shimmy™ after the sir is turned on. This will stop
a8 the rotor comes up Lo speed.

6. If the instrument iz properly balarced, the pointer bar should settle rfalrly level,
and clese %0 the centre line of the Ilixture,

POINTER BaR HORIZONTAL

1, Tilt thne gyro housing forward uxntll the pointer bar 15 ralsed 7/8 ineh zbove the
centreline of the fixture, as measurad from cenfreline of fixture to centreline of pointer
bar.
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YRO-HORIZOQHW

NOTE:

24

4.

5.
mits,
7/8-1ne
3 /u_

8.

AR RETAINER
ASSEMBLY

AlR
SUPPLY

FIGURE 43 INSTROENT

WA A e Rt Y

T ATR LIME POR CALIBRATION IN FIATURE

fioving the gvro nou%¢14 forward or bockhward will gpuse the ziﬁbal ring to tilt cus
Lo the precessiomel forces whidh arg generated, Straighten the glmbal ring whiile
nolding The myro housing in Its tilted position.

IT the noiﬂter bar tz]?s Immediately as It retuvrns to its setfling ooint, it will
g on the upper housing plate a2s dascrived in Con-
Ho. 1 of Flg. 44.

Repeat the operation deseribed in parasraph L, Sub start the test witsh zhe poinfer
nich below the cerireiine of the fixture and parsilel to it.

If necessary, correct for tili 28 described in Condifion Mo. 2 of Fig. 44l

If there im no $I1lt, or afier the tilt has Deen resoved Wy adjusting the S

Irst check the time required for the poir &r har to return when it 1s distla
t

1
h above the centreling, and then check the time It takes o refturn when displaced

nsh below the scentreline,

The time 1s normally betwsen 4 and 4 minutes, and under idesl conditiong should he

the same for bolli displacemenis. If a greater diffsrence than 174 of 2 minute is noted,

it wiil

HOTE:

be necessary to add or remove weight as destrited In A of Fig., 49.

The poinfer dar may not settle directly pehind the centrelin of the 2ixture, but
care gnould be exercised to ses fthat fthe bar always zettles in the same place. IF
it does not return to the same place, friction  is rresent and will have to be re-
duced befors furtier calibration 15 attempted, 4 difrersnce of 1/64 of an inch is
parmissibdie,




AEPAIR 07 THE GYROC-~HORIZON

L.—CENTRE LINE OR
SETTLING LINE

COMDITION HO. I, (HORIZONTAL)
POINTER BAR DRSCENDING

= -

I, before setsling, Poirter Ber %t11%s olockwise more than 2° Evro housing is top neavy,
To adjust, screw balancing nubts onn stud In uprer dousiay plate DOWH,

HOTE:  IF poister bar tilts counter-clockwise, myro housing is bottar heavy. To adiush,
serew baluanclng nuts YE.

CENTRE LINE OR
SETTLING LINE

POINTER BAR RISING

If, bhefore zettling,Pointer ael chan 27 gyro housing is bobtiom heavy.
1 H

T
To adfust screw balancing nuts on atud 1n upper housing olaf

o)

NOTE: If polnter bar tilis counter-clociwise, gyro housing Is top neavy. To  adAist,
craw btalarncing nuts DOWY.

where IE resis in the zimbal rine will casusge
the bar te wilt. I $i1% Is exxcessive, cheok for friction in thils axis,

QURE 44 ADJUSTIEMTE NICE28ARY TO COMPENSATE FOR SETTLING ACTION OF
FOTHTER BAR FOR DISFLACEMINTS ABOVE AND TELOW CENTRELINE

o

b
)



REPAIR QF THE GYRO-~-HORTZOW

PLAN VIEW

REAR c

LEAD COMPENSATING WEIGHT,
SCREW AND LOCKWASHER.

GiMBAL RING

A
ADD WEIGHT TQ MAKE
POINTER MOVE DOWN
SLOWER AND UP FASTER.
REMOVE WEIGHT TO MAKE
POINTER MOVE DOWN
FASTER AND UP SLOWER,

B

REMOVE WEIGHT TO MAKE
INSTRUMENT SETTLE FASTER
FROM COUNTER~GCLOCKWISE
ANGLE AND SLOWER FROM
CLOCKWISE ANGLE

[T ——roTOR HOUSING AND
PENDULUM ASSEMBLY,

REMOVE WEIGHT TO MAKE INSTRUMENT
SETTLE FASTER FROM CLOCKWISE ANGLE
AND SLOWER FAROM GCOUNTER=-CLOCKWISE ANGLE

FIGURE 45  ADJUSTMENTS NECESSARY TO COMPERSATE FOR SETTLING TIME OF POINTER BAR

POINTER BAR TTLTED 30 DEGREES

1. Turn the protractor on the front of fixture T-19880 clockwise and set 1t at = 30
depres angle from the horizontal. To set 1t acturately, place tThe O degree mark of the
rrotractaor at the 30 degree line Inscribed on the right-hand side of the fixture,and place
ths 120 degree mark of protractor at the 32 degree line on the left-hand side of the fix-
ture, This wlil bring the centre of the protractor in line with the centreline of the ine-
strument,

2. Tiit the gimbal ring cloclwise s0  that the centreline of the pointer oar liles
directly behind the line of the protractor. MNote the time required for the pointer bar to
retury to 1ts original settling position,

3. Now turn the proiractor counter-cloclwise ang set it at a 30 depree angle from the
horizontal. Tlit the gimbal ring counter-clociwise so that the pelnter nar lies directly
belilnd the 1line of the protractor, and note the time required for the pointer bar to re-
turn to Its origlnal settliing positicon. The tire g normally from 3 to 4 minutes, and
under ideal corditions should be The same In both cases, If a greater difference than 1/4
of a minute is noted, it will be necessary to add or remove welght =28 described In B of
Fig. 45.
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%1

REFAIR OTF T

CENTRE LINE OR
SETTLING LINE

FOIHTER BAR SETTLING

1/aet

ROTE:  If nointer Gar f3lls more than /187, rewove weishin  rown BOTTOR

seres baluaneing nuts UF,

CENTRE LINE OR
SETTLING LINE

COMMITION

FOINTER RAR SETTLING FOM CLOCEWIRS GISFLACE

3, TETOVE Trory BOTTOM

rd
¢,

and oY sorew

nOTE; If pointer bar rises wore than 1/I0Y, revove waignt  from TOP and add o BOTTON of

lend we serey balanelinr nuts JOwWH,

HOTE: Fr
£

ter har

b
sive, check for frictliom st these pointe,

FIGURE 456  ADJUSTHENTS RECESSARY TC COMFENSATE FOR BETTLING
ACTION OF FOIMTER BAR FOR AMGULAR DTSFLACEMENTE

W
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CYRO-HORIZOHN

HOTE:

When setiling frowm the clockwise and the counterclockwise angles, the pointer bar
shonld not rise op falil more than 1/18-inch. ir the bar does rise or fall more
than 1/18-1Inch, it will Le necessary €0 adjiost the tala&cina ks o0 the ubper
ae lead weight on the left-hand sid of the ginbal ring cs
3 ang Comdltlom Wo, &, Fig, 48,

nousing pl
degerited |

If the setiliing fize of the poirter bar from the horizonial positions (7/5-inch a~

2

pove and below the certreline) mvd  Irow the $ilted positions (30-depres clockwise
and counter-cloclwice angles) exceed five mimdtes, 1% will be nscessary to mile 3
correctior on the penduluy assembly 0 speed up The setiling Time. Az A
will e found that the settling time from the tllted pozitions wiil Ze wltnir the
mits apecified, but that the settling time Irow the horlzental positions mary be
longer. To correct for this condition, it ig necessary to force wmore alr out of
he ports controllivg the up and down setiling, i.e., A-Al in Fig. 47, This is a¢
cosplished by resiricting tne zir flow through the otner pair of ports B-R, In Fig.
47, in the following manner: B

L

T Tele it

hz notad in the Instruciions for replacing the sendulie: assembly, paze 28,the venes
were set with the gsume T-20634 5o that when eone port  is completely cloged ithe
ovposite port 1s completely open. If & pair of the vanes is ¢icsed in 5lizhtly, one
port wiil o2 complately 2losed while the Tort on the opposite side will sTill lack
a gmall amount of being complietely opsn. e Pleow of air from this pair »Ff ports
will, therefore, be restricted wnile the flow of sir Iroz the other palr of ports

FIGURE 47  ADJUSTHENTS NECESSARY FOR SFEEDING UP THE SETTLING TIME FROM
THE HOGRIZGNTAL DISPLACEMENTS AND RETARDING THE SETTLING TIME
FROM THE ANGULAR DISPLACEMENTS, OR VICE VERSA,
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will pe correspondingly Incransed, creating a slightly greater reaction In the de-
sired direction wnd causing the instruxent to aetile fester, To close in the vines,
squeera them toagethsr s1iphtly, Belng careful not To bréaX the sol:ilsr,

If tre opposits condition exists, i,e., I the instmment regiires more than
five minutes to seitle from the angular dizvlacemants, i1t wiil be necessary to
close in slighitly the Twoe side vanes.

After Dendiag the vanes  He sure that they still swing perfectly free snd 4o
not scrape against the pendulion body.

£. If the pelnter bar does not setile exactly bebind the cenireline of fthe fixture, 1t
willl be necessary Lo bend It untll this condltion 1s met. To do this, one must exerclse
great care, Jrash the polnter with parzallel jaw pliers betweean pointer bar riveta and
guide pin slot and wend as regiired. Repeat the operation if necessary until the instru-
ment setifles with the pointer tar exactly benind the centreline of the fixture,

S, ts 3 final check of the instrrment in the fixzure, renest the tests, first displac-
ing Lhe pointer bar 7/8-inch above the centreline and 7/8-inch below the centrsline and
then tilting the polintar bar 30 degrees clockwise anhd 20 degress counter-clockwise., Note
that tne polnter bar settles within 3 o 4 mlnutes from each of the four positions, that
the setiling time caincides (1) within i/4 of « minute when the pointer bar 1is displaced
above and below the centreiine, and (2) within 1/4 of & minute wien the pointer bar is
tilted cleckwise and counter-clockwise.

CFERATION NO. 14
REPLACITG THE THSTRUMENT IM ITS CASE

1, Te rewmove grease or Iinger pariés from luminous pointer bar rul front of polntsr bar
and harnking indleator lishtly with a clean, dams cloth o walch a small amount of Ivory
Soap haz been applied. This will rersove grease or dirt without Injury to the iacquer or
radfun luminous compound.  Polish lichtly with e clesn, dry cloth,

2. Ulean cese and corvers thoroughly, blow oul and dry. Rewmove the snap ring that re-
Lalng the filter disc at the back of ths case. Rerove the filter dis¢ and replace with a
new one. HMNew discs =may be onfslned from The Sperfy gyroscope Jompeny, Inc, Ingpect pivot
in cage braciet, clean with Virsnl and dry. Sorew pivot half-way into bracket, Ses that
two rubber bumpers are In »lace aad in good condition on case oracket bars,

4, The ball beaping in the rear of the instrument c¢ase should be Inspected carsfully
and cleaned before rewlacing the instrmment in the case. To do thails, clean the bearing
recess thorousily with Varsol ang dry. Inseri two paper oil pads. #lush oud the assembled
bearing with the special punp T-2R2646 ,and then press the ball-bearing assembly Into place,
spring retalinlng washer out. Iﬁseru aluminus ring {8!ir retsiner washer, larpe) with the
countersuny recess  in the ring  facing out. Ingert =air seal ring (fiat washer) inte
sountersunk recess In ring, first rarine sure that 1T will FIt easiiy over the pivot and
s perfectly Tlat, The clesrance betwoen the alr seal ring and the pivet should be not
mors than 0O0G". Add 4lr retainer washer (@mell) and insert spring locking ring. Saturate
oll pads with Spacial Instrument OL1,but do not allow any oil to Zet on the air seal ring.

HOTE: When assexsbly is complete be sure fhzt the alr gesl ring does not stiek between the

£
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rotaining washers. 1t should fali of its own wel
vertical plane and hmed one way op

i

the other,

1=

. Hold cage ia 1eft hend with bracket end up  and

vou, {For fyro-dHorigzonz with caging device, see
its £ uneaged vogition.) Hold instratent

Gently raise Instrument  into cass, wabohl
housing in side of gimbel ring passes o

nand with

it oend fo

s, and inter

gcrape opooaite side ol case, A= the bearing ont end  of fthea wimbal oy T
proacshes the pivov in the cese bhracisw, £il vy Torwsrd silihaly. Tnis will

move polnter away from bracket and perals ¢
See Fig., a8, Carefully furn comrlete assenbly
ar. front cover, so as fo orotect The pointer bar,

Tn be moved into pilngce ogr nivoi,

e
L3
owm
i

de down (Toce down) and rest the Case

2. Doat rear face of case 11
tnreads o3 attaching scraws,
ring wivot, S0 as not Lo damage sir ssal ring, The openling

TLy and evenly witih Alcon fhremd Iubricant  end  coat

vear cover, rvititing

nonover [l

and the rear caver ol the cafs fust be Toward the bothtom when the cmue ig hald in ifs nare

irid

wal operating posttion,

3. Plage tne case on 1Ls end, a

ay of the Instruwent 1g approvimately
pointer 1s 2lesr of side of ease in all i L=

agmtly 18 freg to move without obgtruction.

wce the dinl, uslng special gearad

GO BOTEw

the twe attachlng sorews (with loclkwashers) mn

RUBBER
BUMPERS?

BRACKET

SCREW PIVOT
AND LLOCKNUT

FIGURE 48 REFPLACING THE IHSTHIEWRT IN THE CASE
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8, Witk Instrument case  Ifooing you, place front cover agzlnst front of case 20 that
of gx3ll alrplane wing is rarallel to pointer bar. The luminous peinter af the ton of
the dial must ceincide with t@e zero mark {top centre of front cover). IT it does nok,

.

ztly at a polnt nesr the dlal., (See Fip. 48,0

with Alcea thresd lubricant and  coat
device,

2, Toat front face of ¢
attaching aorems.
renlace caging dial and cagt ?th.}

tlj

{For yro-liorimens with oug

BANKING

POINTER

READING
ZERO

TOP OF
AIRPL ANE
PARALLEL
WITH BAR

FIGURE 40  CYECKING THE

IHLICATOR

OFERATION O, T

(THSTRUTENT TH THE CLSE}

1. Flace instrument in calitrating fixture, T-23301, in level, ooeraling g n, and
cormsct Lo vacuyr line, afiaching tubing o one of the Tittings af rear cover cf cmse. The
myro at least fiye minutes, with vaouwm equal to

othnar Fittings muat e nlupped. Rut
Z-1/2" of mercury. (See Fig, B0.)

HOTS:  The mounting plate of calilrating Fixture T-23201 must e miiled cub To perwit Iin-
zartion of caging shaft,

POTNTER

[

1. Relsese the three clamps and 1
ing the irstronent level and squars with front of fixture, roll or turn it ¥
a counter-closiwise diraction until you feel the gimbal ring touch the rubzer Tumper, Con-
tlnue turning slowly until the poinier bar travels slightly pest the tip of the Luminous

£t the Instriment and racket from Lthe Irame. Hold-
ery slowly In

bz



REFLIR GF THE ZSYROU-HGRIZON

FIXTURE
T-2330%

FIGURE 5C  THE IHGTRUMENT IN FINTURE T-23301 READY FOR FIMAL CALIBRATION

the Tixture. The pointer bar will now be horizontal and ralsed slightly mors  tian 7/8%°
above Lhe settling position.

girplane wing. Turn the case carefuliy back to ifs oripginal position and re-claxp it In
©

2. Check the time the polnter bar reauires o Zetitle Irom exactly 7/8-inch above the
aettling position, The setiling time should be befwesn 3 and & minutes, and the pointer

bar should not Incline mors than € degrees from the horizontal while gsetsliing,

3. When the Ingtrument has settled, turn the case s descrited in peregraph 1,mut this
time 1In & clockwlse direction, and return it o the calibrating frame. This will oring the
pointer bor slisghtly more than 7/5-inch below the settling sosition., Cheek settling time
and inclii{ration as nefors.

4., Undsr ideal cordltions, ths time requlirsd for ti:e pointer bar to settle will be
equal in Lot Instances, The polnter bar wili gettle In exact slignment with the reference
marks at the sldes of the digl, and the banking polinter will indicate zero.

5. If the settling times are equal ot the pointer bar ssttles =t an angie, 1t will he
necessary Lo renove the front cover and twlst the polnter sligntly to corrsct 1t.

HOTE: If the pointer bar settles level but the banking pointer Is slightliy off, it will
be necessary to bend the hanking polnter slightly Gto correct it, B sure thab the
banking pointer ¢lears the glass and that the pointer is approwimately 1/32"  from
the bezel face dial.

53
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Z. 12 fthe sototer bar refurns mors rapidly froe YT aeztling
it deoes from ;/;»1:

be neceSsary Lo Iemove The reay ver of the onge  and oul

below the setiling volet, and Shs gottles

weisht o bthe lower side of

7. Renlace the rexr cover od rechachk from the
two positions. Slowing e merilivg time o arove or gpeeding up the sei-
tling Clme frow 7/8-1inch below will cause the polater bar o setile higher,

%, 1f ine pointer bar returns mors rapidiy from 7/8-Ineh below ths setillng point than
it does from 7/0-inch sieve and the peinter boer settles hiph, the conditions are reversed
and 1t will be necessary to add a gnall amount of lead to the weight on the lower zide cf
the poiwnter gupporting aIm,

S, If tre pointer bar returns more radidly frow obove than it does from below and sef-~
tlas nigh, it will be neceassnry to remove the instrgsent from the case, replace it In fix-
ture T-18860 and bend the pointer down a&s needed.  If condiflons are reversed, bend the
pointer ug.

HOTE: £ tne pointer bar £11%s in settling from 7/8-inch above or 7/8-inch below the get-
ti;ng aoint 1D will e necessary oo revovys the renr cover z=nd adauat the haloncing
aets on tue top of the gyro nousing in acgordance with Fig, £4, Jondition o, I,

£, I the settliing tiwe of the pointer bar 1s less tharn 3 minutes or mors than & min-
uktes, it will be necessary to t off the rear cover and remove tie pendulum assently,
maring its npoaition in relation to the gyro housing s9 that 1T may be pub back the sane
WEY. With the pendulwm asgembly removad from the instrument, bend the wvanes slightly In

accordance with The Instructlions given for tais operation on pages 4h and 50.

FCINTER BAR TILTED 30 DECGREES

1. Lift the instrument Jrowm the fixtwre and turn the case 50 degrees counter-2iook-
wise, as viswed fyom above, about its vertical axis, Tnen 1roll the case clociwise abog
its horizontal axis until the peinter tar travels glirhtly past the $ip of fthe Tusinous
airplane wing. Return the instroment carefully to the fixture., The tuming and relliing
action wiil leave the »einter dar tilted counter-cloclwise slightly wore than 30 derress,

2, Check tha gettling time of the pointer bar from exsctly 30 degrees as indicated by
the banking pointer, The setiling time should he Debween % &nd 6 wmimutes,

this time, roll the case counter-ciocikwlse aboui lts horizontal axia., This w
poinfer %har tilted slightly more than 230 deprees, but #his tike in 2 clockwise direction,

Z. Wnen the instroeent has setiled, repeat the procedure descrided In paragraph 1, but
%

4, Chnasck the seliliinaz tinme as belfore, fresn exacstly 30 degresz ns indlented by the
barking cointer,

S. Under fdezl conditions, the gettliis time of the rolinter bar from both ths anmals
dizsplacenents will be the same, avwl the polinter bar will mot rise or fall as It returns tO

the settling polint.

it
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ARzPAIR QF THE SYRO-H0RIZON

B, I thz pointer bar setties faster Irom the clockwlse gisplacexent (slower from the
sounter-clockwlise dlgplacement) it will be necessary to ranove the rear gover and out &
smali amount of lead Trom the weizght on the reer of the gyro housing, see B Iv Fig. 4%, If
the reverse 1s frue add weignht at B, Fig. 45.

7. 1f the pointer bar rises or fails more trawn 1/18-inch as it setifles,it will e nec-
esgary to ramove the rear cover of the czse and adjust the balancing nuts on the top of
the gyro housing in accordance with the instructions given in Fig. 46,

ROTE:  With the instrument Iz the case, the most important thing o observe Is that the
par returng exactly to The same position from the different displacements and set-
tiea directly on the centreline. For instance, 1f the settling time down is 3-1/8
minubtes =nd the setiling time up is 5-1/2 minutes, and the Dar returns to the
centreline sach time, the instrument may be considered pasgablse. e same 1s trioe
of the two angles, Under no circumstances, however, should The time be less Lhen
3 minutss or moare than & pinvtes.

In adding welght, =2 soldering iron can be used, but syireme cautior =wust be exer-
cised net to drop particles of sclder inio the casze.

8, When the settling novements of the pointer bhar from the four positions conform to
tne specifications glven, the instrument may be considered properly calibrated.
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HETHIIENTS HECEIVED FEO THE FATTORY

perir are carefuliy fne fzetory. ?hsy ars shipped
.
i

wlge  the possibilicy of damag in Trangit.

i
|...

In packing cases speclally desirasd o min
While 1v trangli, zowever, the instrumeﬂts mry e gublectad to conditlons whieh are o
yond The cortrol of this Jowpany. We hare included, therefore, specizl instructions for
Inespecting and tagting, and recomrend that thege instructions be carefuliy followed 1f the
Instruments show any evidence of havirg hesn mishandled during shipment, e eQuipment
neceasary for making these tests ls gvallanle at most air transport oompanies or 2t our
Service Etations {zee 1ist on Foreword pazel. It should Dbe understood thz conditicns
nacessitating These tests are cxceptional, Ordinarily, the purchaser may disresard thenm
and procesd al oroe with the ingtallation of the insirTmments.

1. Piace the Instrument on a testing block 1w & level positlcen or in fixturs T-23E01
sl connest It To s va and & manameter Ty means of rubber fubing.,  {The outlsts
A0%T used must be ¥ept

2. Theck the instrament as described in OLera**av No. 15, noting  whethner the pointer
bar returns Irom the horizontal dlsplacarents and from the anpular dispiccements as speci-
fied in parepraphs 2 and 3, page b3, and Ir parapraris 2, 3 and 4 pape Sdé respectively., IT

the pointer bar doss not return to the centreline affer sach displscement or if 1t does

not settlie within The timas specilied In Operation He. 15 no adjusimients  should be st-
tempted, but the Instrument should be returned to the Tactory. If the pointer bar settles
as spesified in Operation tlo, 1%, the fnstrusent is resdy for installation,

TNBTALLING THE GVRO-KORIZOH

i. The Gymo-Horizon snould %e installed, preferably,directly in front of the pilot and
cloge fo tne Directionzl Gyre so that the eye will have only a short distance e travel
netween the Indlcations of ihe twe instruments. The Syro-ilopizon most be mounted so that
1ts dial is vertical when the alrplone is in normzl fliszht., The wing of the miniature air-
plane on the dizl qmust be norizontal,

2. Mare sure that the holss In the panel are large enough to permlt the Instrument to
be inserted and fagtened without binding, (Bee outline drawings, Figs. 51 and 52.)

3. Woen attaching the instrumert Uo the panel, rake sure that all four corners touch
the panel. IT The panel should be warped or ansvan, Diace shims or washsrs Detween the
panel and the cormer of the instrument that does not touch, This will prevert the instru-
ment from beiwy sirained when the attaching serews are tightenad.

4, The Qyro-Horizon is fitted with self-locking rnuts =o that it Is only necessary to
Ingert the four atiaching screws frowm the Ifronl and Lighten Lher with 2 serew-driver,

INSTALLIWG TiE TENTURI TURD

tube is desizned for use in any 2irplane whish has 5 crutsing spesd of
ner hour ¢r over,
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2. Mournt the venturi tube in the ©

ip-atremn of the propeller, with the arrow on its
namanlate polinting in the dires 1 23

Zee Fip. b3, The wenturi tube should he
mlaced ss close &g pessibie trament 1t 1s to operate, =0 as to Keep the amount
of somnecting fublng  to 2 mininur Tie venturi tube mast produce  a vecuws of nob less
than 3" and not more than B of mercury at the Instrument wher the alrplsne is flyins at
crulsing speed, The {deal vaouwizn s 4% of marcury at cruising speed.

R

THE VENTUR! TUBE MAY BE LOCATED ANYWHERE IN THE
CIRCUMFERENCE OF THE CIRCLE WHOSE RADIUS IS% OF
THE DISTANCE FROM THE PROPELLER (AIR SCREWQ HUBTO TIP

™

FLERE 52 LOCATING THE VEWTURI TUEBE
IHSTALLIME THE TURING

1. Twelve feet of 57187 1.0, tubing is supplicd with eawch instrument. If a2 greater
length 1g necessary, the tubing must be of larger diameter., For lengths from 12 fo 25 Tt.
ugs 53" I.D. tublng. Lengths of tubing grester insn 25 fest reguire special consideration
and the Scerry Jyroscope Company, Inc., should Te consulted.

2. A fiexitie connector is supmlied  for conneciing the Subing to the nstrument, The
1/4" pime~threaded end of ithe fiexivle connector ahould te sorewed Into the instrument at
gither of the two outlets — whichever i35 most cenvenient, Tie outiet nof used should be
kent plusmed.

3. When making conmections, he sure ends of Luning are cut off and all ourrs remaoved,
With the flare type fiftiings supplisd, 1t 1s necessary to remove the thimbie portion and
slide 1t onto the tubing with 1ts threaded end fTowzrd the end of the tublmr to be flared.
Use standard flaring tools, or equivalents, to ovtaln s proper £1it with the tapered por-
tions af the fittinge. Tighten nui carefully, Excessive tiphtening may damage the {lared
gnd of The tublng and causs leaks,

o8
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FIZURE 84  OUTLINE DRAWIKG OF TiE VENTURI TURE

4, Take sure that the tuding 15 not sinched or kinked and is suitably clipped to pre-
vent breaxage due Lo vibration.

1. Wien the instaliation 1s completed, the vacwar must be checked in flizht by means
of & mercury yanometer or o vaculm gavse.

2, Unscrew the pipe nlug from one of the extro cutliets on the ingtrmmmert case &nd
screw In a fitTiing fo whlen 2 plece o rubber nose about three feet lons Is atiached, To
the other end of the rnose, zftach & mercury Hanomeher or vacuun fauge.

HOTE: When finighed with the test, remove gausge, hose and fitting, and MAKE SURE THAT
PIFE PLUG IB REFPLACED ANE TISETERELD.

2. Fiy the alrplene to an altitwde of about 2250 feef and check vacum a2s indicated by
gauge when the airplane is fiyivg at craising speed. The following Interpretations may be
placed on different gauge readings:

Vacuue too low - under 3" ai crulsing speed. 1. Venturi in poor location.
2. Tubing too long or too snall.
3, Leaks {11 camectiong,
4. Kinks or restrictions in tubing.
5, Vacuun puamp not opsrating properly,. Re-
palr or replace.
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Vacum $oo high - over 5% at crulsing speed. 1. Relecate thne venturi outside the propel-
This may occur on hirh spesd planes. ler slip-strean.
2. ImBert in air 1line a relief or reducing
valve adjusted to 4" mercury vacuum.

ROTE:  On fast sirpianes where excessive sustion IS created v the venburl tute, & relief
yelve must be placed 1o the sir Zlne, s ciose Lo the panel &5 peszible,and adjust-
ed To produce a vacuinm equal to 4% of mercury at the (nastrusent.

RELIEF VALVE

1. For Gyro-Horizons whilch are 10 be operatad Dby &n éngine-ddiven vasuum DUND, & ra-
1ief wvalve is suppiied in order to prevent too high 4 vacuwm at the Instrument, The re-
lief vyalve shiould be mounted In the alr line where it ie accessible for adjustuent, pre-
ferably near the instrument panel, or if convenient, nountsd on the instrovent panel, ina
vertical position (screen side down)., Ta vary adfustment, loosen lockrmut and screw stud

£5 the right to increaszse vacuur and To the Jelt tn decreass vacuun.

2. The outlets on the valve &re marked "P" for pump or other vacuun supply. "T" and
"B for Turn and Bank Indilcaror, "a" for Directional Cyre and "H" for Gyro-forizon. Cone
nect the line ieading from The venturl tube to the outlet "P", One relief valve sufflces
for both Directional Gvro ang Gyro-Horizon, the tubing from the Ttwo venturis being con-
riected to the “"P" suilet by means of a "T7 ar "Y' figting.,  The "M and "BY {Turn and
Bank Indicaror) outlet on the relief valve should be zept plugred. If Zyro-Horimon alone
ia used connect venturl tubing t2 outlet "P", comnect Gyro-Horizon itubing  to outled "H",
and plug outletr "G%,and "T and "B",

3. For iznstallatlons where reillef valve 15 supplied, the following additicn2l inter-
pretationg may be placed upon manomeber readings at vacuum Lest:

¥acuum too low, 1.e., under 3-1/2" at cruise 1. Relief wslve not properly regulated or
ine speed, valve not geating properly,

Vacwas Eoo high, f.e., over 5-1/2" at cruis- i. Relie? wvalve not properly regulated.
ing speed. 2, Dirs clogging alr 1Iatake sereen on re~
lief wvalvse,

TQ RENEW FILTER DISC

1. Dirt slogpming the alr intaks filter on the back of the instrument case wlll also
causge nirn vacowe: readirngs. Lifc out the snap ring  thet retains the fllter dizc at the
back of the case, Remove the filter disc and replace with a new one, Few filter disc

may bhe obtalned frow the Sperry Gyroscope Company, Inc.

IMPORTANT: tHIDER WO COMDITION SHOULD THE SYRO-KORIZON BE TAKEN APART BY AWNYORE NOT AU-
THORIZE: TO DO 30.

LEYELLING THE INSTRUMENT

1. With the airplane fiying 4in calm 2ir 1n 1ts normal flipght attiinde, adiust the in-
strument on the panel so that it is exastiy level longitudéinally and leteralily.

&0




FEEFATR 0OF THE GYRO-HORIZOE

A

is not exactly vertionl, remove the four abiaching
on each side) betwesen the Gyro-Sorizon md  the
with the indlces at

2. LT tihe face of the Gyro-Horlizon

gserews and add gpivg (ths sane thickaess
panel at Top or bottor holes as required, Lo line up the horlizon bap

each side.

Jin the Instrument panei, thne Syro-Horison can be

2. 03y slighily elongating the holes
poincar with the index at the top of the

turned rignt or left sufficlently To align  the
dial
L -

It faciliities are avalliatle, the Instrusent may be levelled without flying the air-

4,
In this cese, the teil of the alrplane is relsed untll it is In nor-

plane {see Fig. 55).
w2l flying position, Check with a spirit level ©o insure that the zlrplune Is level longi-

tedinally snd laterally. Then adiust the instrunent 2a The nanal as deseriied above., A
vacumm pump adjusied to suphly 2 vacwm equal o 4" Hp. is ussd to operate the inatrment,

I VENTURI TUBE

GCENTER

AEROPLANE IN
LEVEL FLYING

POSITION

\VACUUM PUMP
TEMPORARY CONNECTIONS OF

/ VACUUM PUMP AND MANOMETER
<. TO INSTRUMENT OURING INSTAL-

LATION.

FIGURE 56  METHOD OF LEVELLING THE INSTRUMENT WITE THE AIRPLAME OX THE GRCWRD

&l



OPERATION (FLIGHT INSTRUCTIONS)

1. The Zyro-Horizon provides a horizon bar, which remains ceincldent with tiie natural
horimon througn all the uswval maneuwvers of banks, olimzbs, 2lides or turns., It has no ilne
lag, =d the pllot cax manivulate nis controels o bring 2is ship to any desired stiitude
by noting the relation of the mwminiaturs airplarne with respect Lo the horizon bar. Wing
low, climb or gllide s ghown v this instruent In exactly the sime relatlion as when aslng
the natural norizon, ({Bee Fig. 38,)

30° Left Bank

30° Right Bonk

Clide
FIGIRE 56 TEDICATIONS OF THE OYBO-HORIFON FOR FIVE ATTITUDES OF FLIGHT
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sintained when ¢limbing  or glliding by

7 oacourats Iaterzl contral  osn be o

tne top of the (yTo~Horizon dial,

vointer on the sankivg indiestor

4. Banks up To 20 degrees, and olimbz or aes are within the opera-

coEe st oA vHOonwn of

Whor tiis o vaonom thrse Lo Your wminutes

Pafler the take-0ff to

CECORBLTY Speedd.

Acrebatlcs should not 3 with the standard Gyro-Horizoen. The nzodel

¢ willtary girplanes or private
! ; the ayro should be
5 angd raletsged after completion when the airnlene  is

1118 wodel

0¥ the horizon bBar at the Tims o0f re-

T,

fiiter, [2) excesslve

Is usually caused by {31) o

waction sroperiy  cheei {1} filter disc to be surs that

dnep not
vioration &0 the fnsirmsent bosrd, and (3) the veouws supply, before
nL frow che sirplaxe, Tie indications of malfunction are charted as

Tubling for leaks or

fiiter disc &t rear of instru-

2o 4ir Tilter disc dirvy z.

reduciny alr fRow.

e, snd revlace If necessary.,

2. Leaws In instrument E. Zes that 511 gcrews  In instriment cooe

CRA, are in place wnd tight.

with ciibronmster
is more thap LODA™,
n ascordance with  spectal
ITT

Aol

1, Exesasive vibration. 1,

2. Low vysicuii, 2. a ozocordies with Instal-

ninne g re-—

special tools




REPAIR GF

(o]

TRO~-~HORIZOT

Bar osgscillates 1.
or shlmaies
sontinmuously.

2.

Excegsive vibrfation.

Yazure toe high.

Wora roter shalt
bearings.

or

Check Instrupent bosrd wits vibrometer
and {7 vibraston 1= more than 004"
shock panel 1n secordance  with special
Instructions, Part III.

Theol vacuar  in accordance with ingtal-
lztion  Instructions and I niecessary,
toveniuri to reduce yaouas,

Ramove ingtrument  frop the zirplane and
renglr, provided That  the special tools

and Tixtures are avallztlie.




