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3"3 ELË]VA TION OV]IJR A ZI]VÍTJTT'] PI1DtrSTAL

3.3. r Environmerr"tal

The reviev, of al.l applical¡le envir:onment-¿l influences and

forces effecting the peclestal clesign, described in the previous section'

have been clistj.ll-ed to those that clearly ÏepÏesent the conditions whjch the

peclestal. rnust witlr.stand and operate withi:r' Íjince the pedestal is to

operate within the pr:o'rec';ed environrrrent of arr ESSCO M.etal space tr1rarne

Raclorne, the pertinerr.t specifj,cations are redr-Lced to the foll"orn"ing:

a) Arnbient tcrnperatúîe rarlges from -20F to

+14oor'.

b) Barornetric presstlre fronr sea leve1 u-p to

10,000 ft" altitude"

c) Salt atirrosphere as enccurrt'ered j.n' coastal

regions, or: c1u.ring ocean transport and u"se'

d)C)zoileasel]Cot].nter:edinArcticr.egÍ.onsandin
the vicinity of heavy e1ectrical equiprneirt'

e) Sarrcl and dust env'ironrnenrs"

"l]hernethoclsofdesigrr,fabricationanclrnaterialchoice,to

cornply with the requirerrrents of effí.ci'ent operation and reua'bility' while

exhibiting the l-owest possibl.e service li.fe rn¿Lintenance' must be cornpletcly

cornpatible with the foregoing list. The m.euterials ancl finishes to be

utiiizecl represeni Ésscots accurn'ul.ated experiencc gather:ed over e>l'"

tended periocls of perfo::i:nallce tirnc'

3. 3.2 Desi-gn, Cons t::uction a.n.tl Phvsica.l Cha.racteri stic s

In achieviiig zL bal.an:ed Cesi'grr, E,S,c-.iCC has etnployecl a

thorough atralysis to i:rsu-le the efficient utiliz-ation of the basic rnate:''ia'1s

for tJ::e Pet1,esterl. Thc <lj s;cussion that follows of ICSSCOts a'nal)'tjcal
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appfc,ach and t-nethocls inclucles a" cletailecl anelysj.s of the dr:ive train as

well as other corlûpoi.ì.ents, such as brakes, stow pins, rnounting interface

and rnech.anical stcps. In adclition, becau-se of its irlportance to systerÎ

per:forrnance, the natwral frequenci'es of the pedestal have al so been

analyzedin detail.

Fo].].owing the discu,ssion of t}re analyLical. design rnethods,

the details of the pedestal assernbly are described'

3.3.2.7 Mechanical and Structu::al Design

A. Drive Train Analvsis

Thedrivetraininthepedestalhasbeenanalyzedtodeter-

rnine its stiffness, strength and life expectancy'

Thestifnessofthedrivetrainisaparticu]-arlycritical

systerrr pararneter because it is generally the lowest of all the stiffnessefl

of elernents that rnake up an overall a.ntenna installation' Theirefore' it is

the controll.ing factor in determining the lowest natura'l freguency of vibra-

tion .of the total installa.tion ancl thus has a conside::at'1-e impact on the

stability of'the servo systern whi.ch cont::ols the rnotion of the antenna'

Thestiffnessiscalcu].atedbyadclingthecornplianceofall
o 

'amon{-q 
irr t-he d :in the cornpliance is defined

the cleflecting elernents in the drive train whert

as the rotation of the output axis resulting frorn a unit torque applierl to thc

ouþuí; axis. The stj.ffness is tJr.en cal.cu-lated {rorn the following equation:

ç 7; r(*
i.r'

K ,, = Stif{iress of drive t::ain

(lr//|)¿ = cornpl.iance of jtlt .l",o"nt in cl:rive t'ra'in

The el.errrents in the drive train which contribute to the colf'L*

pliance are bending and torsi.onal cli.splacernent of the gea:: cluste-i: shafts'

)¿
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approach and r-net-hocls i.nclucles a detailecl a.nalysis of the clr''i.v'e train as

well as othe:: corrrpoi,1ents, such as 1-rrakes, stor,v pins, mou:rting interface

and rnechanical stcps. Ir1 aclclition, becau-se of its inrportance to systern

pe::forrrrance, the naturaLl. frequenci.es of the pedesta.l have al so beerl

analyzed in detail.

Fol.l.owing the discussion of the analytical clesìgn' rnethods,

the details of the pedestal assernbly are described'

3.3.2,I Mechanical and Strr-rctu"::a1 Design

A. Drive Tvain AnalYsis

The d::ive train in the pedestal has been analyzed to cleter-

rnine its stiffness, strength ancl life expectancy'

Thestifnessoftlledrivetrainisaparticularlycritical

systene pararneter because it is general1y the lowest: of all the stiffnesses

of elernents that rnake tlp an overall a.ntenna insta.ll.atioir. Thei:efore, it is

the controll.i.ng factor in determining the lor,'¡cst natura'l frequency of vibra-

tj.on of the total installa.tion and thus has a consicle::abJ-e itrrpact on the

sta,oi.lity of'the seïvo system which cont::ols the r-notion of the antenna'

hestj-ffnessiscalculateclbyaddingtlrecompli.anceofal]"

the deflecting elernents in the clrive ttainv¡hérein fhe cornpliance is defined

as the rotation of the output axis resulting frorn a unit torque applied to thc

output axis. The stj.ffness is the:r calcu-lated frorn the following equation:

I K; x(*)t
//

fl ç = Stiffness of drive tr:ain

(/Ð, = Co*p*.ance of jtlt elernent 
'n 

cl:rive Lya.in

The el.errre'ts irr the cl-¡ivc tra.in which con'í;-¡:il.rute to the co1f1*

plia:rce are bencling and torsi.orral. clisplaceme:rt of tfie gear: clustei: shafts'
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raclial a:r.d axial clisplacernent of the bearings and 1ocal defl-ectjons of the

gearbox arou.n<l the bearing housirigs'

At the sa.lTre tinre that the cornplialice of the clrive traín ele -

rnents are estirnated, the cornpli.ance of the overall peclestal structure is

aIso deterrnined-. The stiffness of the entire peclestal is then calculate cl

from the following ecluati'on:

+
/{*,'w;.L

f{p
/(,

t/¡< s

To cleterrnine the strength anci life expect;;ncy cf tLie dl.ive

ttai.n, the loads on each cluster are calculated:

ä?* J e"

ln.

l'/'
T

d-

= Stj.ffness of Pedestal

= Cornpliance of overall pedestal' stru'cture

= TotaL nurrrber of drive trains trrr'nsrnitting

torque to outPut

Resultant torclue on cl-uster

Mass rnoi-rrerrt of inerti.a

Angular acceleration of cl'uster

In order to accc¡uni; for the effects of f::iction c:r the d::i--¡e

trai.n, a.qi.terative procedure is used appl.yi.ng the al:ove equatíon fi::st to

the overall pedestaT t'c cleter:mine the angtúat acceleration' and then to

each cluster in successj.on to deterrnine the loads actirig on t:he cJ'ustel

gears. Equilì.briurrr eguatioirs are then appl.iecl to determine the reactions

at the cl.tr-ster bea s.
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Knowi'ngtheloaclsorrallthegearsarrrJbeeuri.ngs,thef::ic-

tion torque developed by each is their estimatecl. At this time, the fric*

tion torque clue to the bearing seals is also estj.rnatecl' Next, the torque

equation is again appliecl to the overall peclestal, this tirr'e addin'g algebra -

ically the total friction torque cleterrnirreil in the first iterat-ion to the orj--

ginal value of[? and a new va].ue of cd cornputed" This plroceclu::e is

repeated until the changes become in.signi.ficant. At this point, all the

gear tooth loads and the bearin.g loac1s are kno"wn for the particula:: loadin'g

condition analyzed. All probable loading conditions have been analyzed,

including appropriate cornbi.nation.s of tor:que generated blr the rnotor,

brake, rnechalical stops, etc. Tooth friction torque is estjrnated using

the foli.owing expressj.on for power loss in the rnesh. v''(Ref' No'20)

ì z .2-

n C,{-rd./

udl d ,o'- H' "r /l*

lf*
f FH"- **'-/' 4It'rl ,Å{'+t

./]'tz"¿ e*

ll" {"ß"-\
\n /(n*r'-!- ù * C¿'vt ' y', *o' "'".aà2, gltu

Y¡Ref. No. 20 - rrGear Hanclbooktr, Da"::le W. Dudley
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R"*

R

Pov¿er loss in nrresli (û/o)

Co efficie r* of- friction

Helix angle

Norrtal Pïe s urr-te an 91'

Mesh redu.ction ratio

Outsj.de ::adius of Pinion.

Pitch ::aclius of Piniort

Outside radius of- gear

Pitch radius of gear

Thecoefficj-en.toffrictjoncJ-eperr,dsonthepitchlineveloci-ty,

the lubricat:ì.on ancl tlie tooth loading a.nd- is sel'ected fo-¡: each rnesh using

data presentecl i:r Ref. No' 20"

Thefrictiontorquefrorrreaclrbearingiscornputcdfron'r

ßr Íßa2
Beari.ng friction torque

f( - Resultant load on Tsearing

D = Bearing trore di'arneter

Theresul.ta'nt,1oac1,/î,iudeterminedfrornl:heiterat.ile

analysis a.nd incluci-es the bearing prel.oacls. The {riction. coefficienl: "'f a'n.c7

the associatecl bor:e dia.rneter are obtainecl fro:n rnanufactuTeÏrs reco:mi11el] '"

dations.

T'he bearing seal fric'lion {:orque is deternrined from:

-ç

4
tt ¿-

ft- J' 7¿l'11ç

ßro

ç

i€_'i^f!#''

?
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The friction. coefficient, { , and the radial loa.c1 per unit

length,*åf , are obtained frorn rnanufactureÏts recolnrnendations'

Usingtlrecriticalgeartoothloac]sobtainedfrorntheitera-

tive anal.ysi.s described,th.e gears have been checked for surface dura-

bility ancl bending strength using the following equ-ations frorn Ref' 20'

Seal friction to::que

Seal raclial load Pe:: unit length

Shaft cliarneter

t,4 Co

CNF
/{* P¿

6{"

/#.1

:t
ít' ¡*I

= Calculatecl control stress (psi)

= Tangential tooth load (1b" )

= Pinion pitch dia.rneter (in )

= Face width (itt. )

= Allowable contact st::ess (Psi)

= Elastic propeltics coefficient

= Over:l-oað facl:or

= Dynami.c factor

= Size factor

= Load distribution factor

= Sur:face condition fa.ctor

= Geotnetry factor

-S" CP W C*C'

nJ*
.-Ç"

lN*

æ

F
-f-o"*

Cp

Ao
f1
L.l¡'

Cs

C*
Co

_r

C'I (r.\
Je-c ¿1 nL.r Crf
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Life factor

llar dne s s r ati o f¿' cto r

T ernpe ::atu :: e facto ::

Safety factor

Calculate<l bending stress (Psi)

Tanpential tooth load (1b. )
- -'--o

Transver se cli¿rrnctral Pitch

Face width (in. )

Overloa.d fa'ctor

Ðynamíc factor

Size factor

GeornetrY factor

Allowa.ble bending stress

l,ife factor

TemperaL$te fa"cloY

Safety factor

Load distri.bution factor

(psi)

I

ì

i
I

I

I

rt

l

I

t'

:

I

l,
I

Thevariousfacto::sal:eselectecla.ppropriateJ'yfrornthe

data preserrted in Ref. No.20 in predicti.ng th'e life expectancy of the geaÏs

under norrnal operating condj.tions

environ:nental loa.cling condition s'

and thei.r capa'bility to survive extt"ctrre

Tlrebearings}rar,el.,..o.si.rnilarlycheckedusirrganalytical

rnethocls ancl allowable loacls suppli.ecl by the rnanufactulers'
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The drive tr¿r.j_r. analyses just clescribed have been prog.1lalÏ-

rned by Essco for routj-ne analysj.s on an in-house tinre sharing high speed

cornpu'terterrr:rinal.TheseprogÏalTlscornputet]reinertiasofthecluste.r
in the clrive Lrain, the friction to::que in the bearings, seals, and gear

rneshes, the loads on tlie geaÏ teeth and the bearings' and the surface con-

tact and bencling stresses 01L the gear teeth and their life expectancy'

B. ecial Corn nen.ts

(1)Brake-Anelectro-rnechanicalbrakeisusedforstop-

pingandforholdingthepedestalinastationaryposition.Itrnaybein-
cludedanyv,,hereinthedrivetrain,orrtheoutputaxi'soronthernotor.
Its requirecl characteristics will vary consiclerably with its position in the

drivetraín.Thesecharacteristicsaredete:r:rninedbyincludingthebrake
in the drive trainanalysis cliscussed previously.. The inertia and the tr:r:-

quecapabiJ.ityoftliebrakeaTep?jyarnetersccnsj.deredintheanalysis.
The analytical evaluatíons perforrrrecl assure that the br:ake will p::ovicle

the stopping and holcling torques requíred withou-t over:loading the drive

tr:aj.ncornponentsorburdeningthedrj.vetrairrwitlrinertiathatrnight
11,',,..essarîlylowerth.enatu::alfr:equencyoftheantennainstallation.

"(z\Mechanicalstop-Thernechanicalstopispositioned
so it will intercept the moving load and dissipate its kjnetjc energ'y in a

controlled rnanner if the load accidentall'y passes its limit of travel irr

elevation. Tire pe::forniance o{ the rnechanical stop is evaluated by in-

serting it into the drj.ve Ltain arralysis clescribed previously' 'Ihe capacity

of the stop is se]-ectecl to t,e able to bring the loac1 to yest with-in the re-

quiredstoppingdistancewlrentheloaclengagesitatrn¿rxirrrur,nspeedwitlr

therrrotoronandthebrakeof{.Thepositionofthestop,theforceancl
the stroke a,j:e all consicler.ecl jn. the a.nal.ysis and selected to provide the

required energy di.ssipation wj.thout ovcr].cad.ing the. drjve tra,jn cornporrents.

The force clej.erIl-. i.necl frorn thc analysis is usecl to check the strength of

I

I

I

il

I
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the rnounting of the stol: on the pedestal ancl also the structure that ít en*

gages on the reflector

(3)StowPins-Thestorvpinshoiclthereflectorinthestor'¿

positi.onwhenitisnotbeíngopt,ratecl.Theholdingcapacityofthestow
pins rnus t,be great enough to ho1c1 the refle ctox aga-tnst su::vival wind tor-

que.Thepínsengagebetweenafittingonthepedestalstructureancla
hole in. the bu11 geaÏ. The strength of the peilestal stru-cture' the fitting'

the pins and the trul.L gear are all artalyzed for tbe survival conclitjoir and

as rflaj-\y pins as are reqllired to develop the full willd torclue are designed

into the Pedesta1'

(4)Mountinglnterfa.ce.Thepeclestalrrrountingin*,erf¿¡.ces

oCct}Ïwhe::ethepeclestalrnor-rntstothetoweranilwlrerethereflector
rnounts to the pedestal. These ínterfaces zr'1€ af¡alyzed to assure that loac1

paths of sufficient strerrgtlr ancl stiffness a.Ïe provicled to tral:srnit slrea,,::s,

torquesanclc]irectloaclSaCÏosstlreinterfa,ces.Carefulattentionisgiven
tothesizeandlocationofshearpin-sandbo]tsaridtostiffeninggussetsto
make sure that loca]ir"ed 'ieflectj'on's at these interfaces will not coirtril-¡ute

llnnecessaril.ytotheoveral].corn1:l.ianceofthepedestal.

(5)PedestalStr:uctu::e-Mostoftlrecriticallyloacleda,reas

of the pedes,;a1 structuÏ.e, as ç,e11 as the previotrsly cliscr1ssed special

cornponents,areanalyzedfotstrerrgth.Ther:eareacldj.tionalareas,

howeve::, where higlr 1oac1 s aye transnrj,tted' across we]-ded connectiorrs,

suchastlrelro.usingsforthebullgearbea::ings.Sucharea'sareana1.1'zed

individuallyasrequ,iredtoagstl]]eoverallsoun'clnessofthepedesLals,tr.uc-

ture.

Natnral lirequCl1CV

Naturalfrequenciesoftl'repeclesta,l.arecalctrlatec]con,sidei:ing

the stiffnef;ses ancl reflectecl iirerti.as of the d::i.ve tr:ains' the stiffrress and

164,
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and fiìass of the pedestal sLructure, the inertia ancl stiffness of the load on

the pedestal ancl also the rnass and stiff¡:.ess of the to-wer foundation"

To obtain the lov¡est rral'r:Lral fr:equeircy for the entire anterrna

install.ation, the f::eqUencies are separatel-y calculated for the pedestal with

the load on it, then for the tower with the rnass of the pedesta.l and load on

it, and finall.y for the foundation with the rnass of the entj.re installation"

The lowest natural frequency fo:: the entire installaticn is then cornputed

using l)unker:leY rs equation:

/
aJ 

'1'A

-þ-i.I
w;

I
zî*j;

I
W;

ûùt Lowest natural frequencY of the

anLerú1a- irL s tall ati- o n

Lowe st na1:ura1 frequency of the pedestal

with the load on it

Lov¿est natural frequency of the tower with

the mass of the pedestal and loacl on it

Lowest na.t-ura1 frequency of the foundatjon

with the entire m.ass of the i.nstallati.on on' it

Because of the low stiffness of the pedestal conepared to

those of the torver and the founda.ti.on, thi.s approxirnation gives an accurate

predi"ctÍ.on of the lowest natural frecluency of the total installatjon'

Se.,,eral. rnocles of viJ:ration are of intc::est ancl rrratheraa¿rt'ical

rnodels for each have been forrnulatcd ancl anaT.yzeå.

A symrnetrical rnocle. of vibratj.on about the el.evatj-on axis

is shor,vn in f,ri.gure 3--34(a) and thc rnodel. for this rnocle wJrich treats the:

pedestal and the 1oacl on j.t is shorvn in Figure 3-"34(b), consisting of rota'ry

i'ertias ancl i:oL:sior.r¿il s,1:iirrgs" The rnovi'ng lor''C on the peclestal is -I'ePiie-
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sentecl ¡y Il and thc stiffness of the lo¿Ld structure by the spr'iir8 Kr,. tC

is t¡e inertj-a of the cl::j-ve traj.n rcflected to the out.put axis a,rrd KC is the

stiffrress of the drive Lxaín, I, and K, the inertia and stiffness of the

pedestal st::ucture. The values I(, ancl K,n are tliose calculated in the

equations einployed in the driv'e trai:r and pedestal stiffness analysi-s.

The rnode of vib::ation. a.bout th.e azirnuth axis is ::nodeled

in the sarne r¡ray with values of inertj.as and stiffnesjses alrpropriat.ely selected

for this rnode of vibration"

An antisyrrrmetrical rnode of vibratj-on abou,t the eler¡atio:r

axis is also possibl.e as shown in Figure 3-35(a) and this rnode is ana.lyzed

using the rnodel shown in Figure 3-35(b). I* is the inertj.a of the::eflector

about its focal axis and KO is the associated stiffness. I" is the inertia

of the counter¡¡reights ancl suppo::ting structure about the e]-evation ax.is"

K is the torsional stiffness of the stri.rctural tie ¿r.cr:oss tlle suppoi:tirrg--L
aïrns which rnay be a torsion box included specifically to provide this

stiffness oï the torsional stiff:ress of the refl-ectc:: backstrucfure.

The vibra.tion rnodes just discirsserl are ca1led free-free

rnodes beiause the rrrotor arrnatt:-ïes aïe assurrred to be capable of dis-

p1acernent relative to the pedestal structure

Also needecl for servo analysis are locked rotor rncdes of

vibration in which i.t is assurr-.ecl that the motor arrlal-ure is fixed to the

pedestal structure. The i-ocked roto:: natural f::equencies i.n el,cvation and

ín azirnuLh are evaluated using the model show"r, in Figure 3-36, It is the

sa]f-le e,s tJre f::ee-free rnodel except that the drjve tvain irrertias are

elir¡inated and the stjffness of the pedestal- is ïepïesented bY KO, the

value computerl previously irr the peclestal stiffrress anallrsls. The ant-i-

syrnrneirical mocle m.oclel is shown in frígure 3*37, ln this rncde-'l- thc:

inertia of the clrj.ve train is elirrrjr:.atecl a.ncl lla.J.i the stiffness of thc pc'destal

acts on each of tlie supporting arrîs as sho-vv¡r in the figure.
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The natural fr-'ecluencies for each model. ar:e cleterrni.ned by

writing expressions for the total kinetjc energy and ¡-rotentjal. energy of

the syster¡ and using La Granges equ.ation for a'conservative syster:r.

_d_
d#

/ ¿t*
(ll *t )

eJ¿ t
dû¿

L T U

q Angular displacernerrt of ith inerti a

T

U

I(inetic energy of systern

Potential energy of system

Perforrning the differerrtiation with respect to each dis*

placernent, 4l , in the rnodel yi.elds n. differential equations of rnotion

where n is the nur:rber of degrees of freedorrlin the r:todel. Ass,.,.nring

harrnonic rnotion the sol.ution of the n equations rnay be w::it'ren in tern.rs

of &)z where /a; is the circular frequency of the harmoiric rnotion, If n

is not too 1arge, the n equations rnay be convenj,ently reduced by sLandarcl

algebraic rnethods to a polynornial in û)2- . The roots of t?ie polynornical

are readily deterrnined on ESSCOTs tirne sha::iirg corrrputer faciliby.
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3.3. Z. Z P]nysical" Character:istics;

The preceding section presentecl the rnethods of rnechanica'l-

ancl structu::a'! analysis tlLat were used in the design of the Essco elevatj'orr

over azimuth peclestals err1ployed iir the synergisecl anteirna sulJsysterÏ'

In the sectio:rs -,vhich fol-low, a descriptive slrrrrr:raïy is presented of the

rnajor physical and rnechanlcal features of this peclcstal line"

Basically, the peclestal consists of a yolte type elevatiorr

axis assemb1y rnounied on a king post azÍ.rnuth ax'is assenrbly" A yoke-

king post configuration was chosen because of its inherent rigidity ancl

because i.t allorvs easy access to the electronics of the feecl systern 1o-

cated in the aTea behind the vei:tex of the refl.ector. Each of these

assernblies is rnacle up of ruggecl structuraj frarne into which low friction

bearings have becn installed along with inclependently controlled drive

systerns. In addition, each assci:rbly is equipped '¡¡ith a data pa'cltage'

stow 1ock, brake, ha.ndrvheel's, ancl- lirnit packages"

in Figure r-rr."n" 
basic peclestal assernbly for a 45 íoot' arrtenna is shov¡ii

'ì
3 .3 . 2. Z" I Elevation Axis As s ernbl'y

(1) Structure and Mechanical A.i:raregernent - The elevatiorr

portion of the pedestaL is a yoke type configur:aLi-on as illustrated in

Figure 3 -39 .

The yoke ar:rn is a rigicl box, fabricated of AS1-M A-26

steeL plate. A large dj.arneter tube is welclecl to the ceuter sectjon of the

cïoss -art.r_ to capture the thrust a:rcl raclial bearillgs. Those surfaces of

the yo],:: aT]Í\,which are usecl to rÎount the gcar boxes and pi11ow b'l-ocks

of the elevation asserrbly, are machjnecl to jnsure all acctl1.ate rrroulrting

arrangerrrent" 'The co'rnplebe yol<e a'rrrr str:uctr-rrc j's strcss relieved priol

to rnachinì.irg, The elevati.on axis ernploys two pi'l1ow block bearirrg asscri:r*

blics which are Ï]rcLliltecl on the yo1<e ?rÏLfl as slrowrl in Ìligure 3"39' Each
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Pil1or¡' Block Reflecto:: Axis

Bl.cvation Axi.s

Upper King
Post Bearing

Azirnr.rth Axi.s

Fi.gur:e 3-3$ Ðlevatj.on Yoke Structure
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piilow block assernlrly consists of two taper:ed ::ol]-e:: bzll.] bearings wlriclr

are pïe-Ioaclecl into the pillow block housing' It r¡'i11 be notecl that there is

a substantial sepa.ration of the trvo taperecl ro11er ball bear:ings in the pi11ow

block housing which provides a very rigicL,ar''ra'ngement' Each o{ the pillow

block assernbl.ies has a load carrying capaci.ty well in excess of the com*

bined loading it will experience riniler operating conclitions' The elevation

axis shaft passes through the pillo.\r block beariirgs and extends to sr-rpport

a bull geaî on each sid-e of the el.evation a>:ts' The r:eflector support struc-

ture, including the counterweighi:s, is attachccl directly to the outer sjde

of the elevation bull gears. The elev¿rti.on axis ernploys one o:: two buJl

geat:s as dictated. by the accuracy, stjffness ancl econorf1y requir:erlents'

In either case, two c'l-rive a.ssernblies aIe used' per bull gear' Each clrive

assernblyiscornposeclofa,lor,vs¡:eeðsection,ahighspccclsectj-ona,nda

brake

The elevation ancl az1rnr-th axes ernploy the sarne dri'e and

geaÏboxassernbliesprovicli]:IgcolTlfnonalityiirthecomponents,

onesicleoftheyolteassembl'yisu.secltolocateanclsr"rppcrt

the gea.r cLrl.Ven data package. The data packa'ge cc¡ntai's the synchro trans-

rnitters,lirnitswitches,sine-cosinepoienti.or-neter,andlinearpoten.tio:inet-
eï. It should be noted. tha-t the yoke design pi:or-ides the a'cldjtional a<l'van-

tages of allorving peïsonnel convenient access to the feed' and a'ssociated

electron'icsrn.ountedontlrereflectorc],irectlybehirrdthevertex'

In addition, a1.1 clrive coÏr.lponents and data ecluiprnenl jnclucl-

irrgwi::ingartdirrterconnectingcablingfortheelevatior.¡axis,areeasilyac.
cessible fronr the yoke platforrns. Rerrr':vable guarcl rails aÏe provicled' on

the platforrrrs

As shorvn irr Figrrre 3_38, 1a-<1c].er:s ai:c1 weulli.,vays are prorri-d-

eclontllccl.eva.tionyolteaLss;etnb1'y"ThcScaÏeremoval:l'ea.sselnblics

wh-j'c.ll al:e irtaccoi:darrce rr,if:h }/Il,^"S-J]D-, 1'4.,72, A-cce ss 1;o tlre walkv''a,y'g
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is frorn a lacld-er witha re'rnov'ab1e safety ca'ge vrhich is peÏírlanently attachecl

totlreelevationyoke"Therernovabl'e1at1<1ers¿i:nc1walkr'vaysre11-Ìainin

the trservice usen position'for all operational rrroiles of the antenna systen:r

with the exception of the ltpfungetr condition'

Electricalinterlockswitclreshavebeenprovi<ledonthe

Ïerrro.f/å,bi.epartso{theladclersanclwalkways"Tl¡eseir:.te::].ockswitches

prevent the inj.tiation of the t'plunget' condj.tion in elevation frorn the

antenna con.trol console until. the rernova'ble sections ha've been dis-

rnountecl.

Thee]-evationrn.otors,tach'orrreterarrdbr..akesarea]-'1.

easilyacCessiÏ-¡.l.efrornthewalkways.Thewa]kwaysa'lsornakernoTe

corrvenient the natu'.a1 access proviclecl by the yoke design to the axea

behj'nd tlre reflector ver:tex where the feed and other electron.j.c corn-

ponents al:e conveniently located'

(Z\ Elevation Drive T'rain - The '1::ive train for the ele-

vation axis errrploys either one oÏ t\Ã¡o bull gears as dictatecl by accuTacy'

stiff?ress an{..econoïny requirernents. In eitber case' two drive assernbljes

are usecl with each bu1l geaÏ" r,]ach drive assernbly, in- turrr, consists

' , -1 ..^,.1-; reed section" A typical
in general o{ a low speecl section and a high s1

drive train of a peclestal for: a 45 root dj'ameter antenna systern is sho''vn

in Figure 3-40" In this case' the high speed' section of the cl::j've assernbl'y

hastwostagesandtheelectro-rnechanicalbrakeisrnountecbetwee:r
stage 1 and sLage 2"

Thef::ontrnesbofthelowspeedsectiorrofthedrivet'xain

consists of a large bull gear ancl pinion to give the 1a::gest possible re-

<luction consistei:t v¡ith overa.JJ. size of the pedestal anci its load capacity'

The desÍ'gn of this first rncsh is ver]¡ inrportant i'n achicvirg'the rnaximurn

stiff:ress and torque capaci.ty of the peclestar"!' The pinio::r is integr:ally cast

wj.th. the niaj.n goa.r: in the :re:t lrresh of thc lcv'r speec'l sectiorì of the drive"
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Figure 3-40 Typical Synergized EL-Az Drlve Train
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rn a.clcl'tion, the dj.stance between the srr-pport bearing of the pinion and the

bulI gear is kept srnall to provic1e a rninjrnurn pinion overhang' 1'his design

approach is used to reduce to the lowest possible level the sepa1.erting ce-

flectionbetweentlrepinionandtheb,ullgea,Ï.TheffusttwomeshescolTl-
prisingtlrelowspeedsectionofthedrivetrainarestancla.rdforeachof
Essco,s peclestal sizes. The low speed- sect.io:r o{ the peclestal drive is il-

lustrated in r.igure 3-4I, Variations jn the speed- and motor requiretnents

aremadebyanappr:opriateselectionoftbehighspeeclsectionofthedrive
train.AsshorvninthetypicalexarrrpleofFigure3-4O,twostagesareused.
to meet the recluirements for a 1 degree peÏ second slew speed'

It r¡,ill be notecl that both stages of the hi"gh speed gear sec-

tion utilíze hel.ical gears with grease lubrica{'ion' The gears a1.e veÏy ha:rd

steelwitlranexcellerrtfinishtoreduceweaÏtoarninilTlu.rn.Tl]euseof
greaselubrj.cationinthegeartloxesa].lowstheelirrrin.ationofoilsea.ls

which,í.nturn,resrrltsina.rnuclrlowerdrivetrainfrjctionthanj.spossìble
with the usual oil lubrj'ca'ted gear boxes'

During the assernbl'y, the backlash of the gear trains is con-

trolled so thàt the maxilTruf]] backlash of the trains does not exceed *0' 05 de

gÏees. The gear boxes are pirrned. to the stru'ctr-rre to insr:-re that tlris J:ack-

lash level wil' not change durirrg subsequent ope::ation. This modest back-

lashisallowedtoinsurethatthefrictionrem-¿rinslowduring-operation.].n
order.toprovidealzeTabacklashsystern,thetwodrivesperbullgearare
biasedsothatthetwodrivesopposeoneanother<1ui:ingoperation'

(3) Data Package arrcl Lirrrit Switches - The el'evation data

packag<,isdr:ivenbyclualprecision,C].¿rssl.anti-backlashpirrionsfr'oma
48pitclrprecisiorr.databullgearwithapí.tch.liameteroflBinchesmoun.Led
on the elevation axis. Precision class I anti-backlash gea::ing is used with-

inthedatapackagelodi:ivel:1anc1.lZ:1'synchrotorcluetransmitters(TX),
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The synclrros are síze 23,

zero backlash couPlings'

6A nz and are connected to the clata shalfts with

Th.e data. shaft position accurecy, inclucling backlasl-r repcat-

ability, is rvithin 0.50 for the 1:1 shafts and 0" 03o {or t1^¡e 72:1 sbafts (re-

ferred to the outPut axis)'

Fivee]'ectrica.lli.rnitsr¡.itchesareinc]-uc1ec1wi'ththedata

package and. are of the rota,ry type rnountecl on' a 1Å a,xis of the data gtlar.

box. Each sr¡,jtch is capa.ble of }nncll.ing a cu-rrent of 100 rna and indicates

a travel- lilrrit by an open circuit. - The lirnits ai:.e adjusted- an'd- set in accol'-

clance with the prescribed lirnjts"

Thelimitpac}<agehasaprelirrritpositionandafinalljrnit

positionateac]rextrernityoftr.a.velarldairaclilitionalsr"¡itchtoirrdicatcthe
qttaclranl of oper:ation. The prelimit posj'tions recluce the rotal;icinal speed

of the elevatjon axis to approxirnatel.y 1.0Ío of its rated value' The final-

lírnit switch dynarnically bra'kes the rnotors'

(4)Bra.ke-Theoptirnuml'ocationoft]:rebrakeirltlrceleva.-

tion drive train j.s a functj.on of capacity/cost of lhe b'alie' ¡he jnertia of

the brake reflectecl to thc output (1:1. pc'int of the train) ancl the deta'ils of the

rnechanical rnouirting. For the typical pedestal- clrj've systerrr showrr in I-ig-

ure3.4.0,tlternostd'esirablelocationofth.ebra.ketu.rrre,d.outtobethefirst
stage of the higir speed section o{ the clrive trai'n' The brakes arc designetl

to be fail safe devices in that thel' are ai:pliec1 in the event of a pcv''er fail-

ure.

(5)Mecha'nicalstops-Brrergyabsor.J.¡lll$rrrcclr;-r.l:.j'calstopc

aïe pl.oviclecl at the final rnechanical lirrri't of the elevation axis' T'he tu'o

stops tha.t are providecl for eacl-¡- c1il:ecti'on of rotatiol1 aÏe hyc1¡ç'-':r^r.techanical

type arrcl are clesigned to irr.tel:,cept a-. speciall.y p::ovicleil ¡le]]rber attar:]rccl.
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to tlre reflcclor support str:ucttl.i:e 
'n 

t-ne e-¿en,l; t]rat tlrc elect::ic¿1l li'rnits

fail.ThesestopsaÏecapableofabsor'bj-:rgtbekinetjcelleÏgya.ssociatecl
witlr the max':*r.*1aa roLaLj.orp.l speecl of the antr:ri*a ancl associ'a'ued clrive

traininertiasirracldj.tiontc¡tbenra.xim.irrntorclueoft,lre:rrotois'

(6) Stoi¡' l,ock - A stow lcck has been provicled ior stowing

tlreantennaint:rrezeniLhposi-tion.Thecapacityoft]restow.]'ockisgiven
in Table 1-4" The sto*¡ pin is actuated rrranrrally by rneans lever'

'Ioinsui:esa{ety,two].irnitsr,vitchesaïeprovic]edclnthestowpirrassell/I_

bly.onelirnitsvi¡itchislocated-atthefu-ll.yl.ockec.lpirsitiorr(stowliinit)
andtheotlrerataninterrnecliateposition(llunst{¡wtllirnit)priortoa,ny
rnechanical interfeÏe11ce" These liinjt srvitches can be used as fol'lorvs:

Whenthel|stow.'llirnj.tswitclrisactivateclan'indica,torm,arkecll'Stor,vllj-s

lighteclonthecontroll:anel;whenthel|Unstowlllinritswitclrjsa-ctivated
the ilr<lica.tor nraÏkec1 ilun.stoÏir" is turnecl off and Lhe motors a'nc1 the servÛ

systernisce-en.e.lgizec1;wh.e:otbestorvpiiriscon-rçletelyretracted,Ll':.e

incical;o:: rrrarhedtrl'trstor'v'r on tlre contr:o'l par-ref is 1-ightecl ancl t1-re rnotor:s

and ser:vo sYstern al:e elleÏ gizeá'

'.(z)Hanclv¡lreel-Aharrdwheelh-asbeensupp.liec1orrtheele..

vation a-x1s' Th'e hanclwheel is acljacent j;o the rrrotor rnounting and is

easilyaccessib].e.Thehanclwlreelisusec.].topcsí.tiontheelevatioirajxj's

rnan,uallyintheeve:r.l,ofa,power{aj-ltlre"As1.jpc.]utchisprovidedj,n

the?ra:rdv¡hee].to]'jrrrittlretorquethatna,ybeapplie<l.]-irac]cij-tior1,11'r,e

handhl'veelisspri.ngloacleclsot}rata-naxia.l.hancltlrr.ustloaclisrequirecl

toengagetbehan<lwher:lgeari.ng'WhenthehanclivheeJ-isei:gaged'a

safety i'terlock is activaled, rnhic' c1e-enei:gizes the power to the pedestal"

Tlrehanclrvheelautorrra,ticallydisengaggg.Ã/henthetranclistal<enfr.orrrt]rc

hanclwlieel.

2 2. ) ? ? Azii:ruth Axj s As ser:rTrlY
' J. J. uþ Pi u

(1) Str:uc.tur"e a'red MecJ¡ a'nica1A:'i:angetrrcnt: 
.- As prevjoul'ly
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noted the azimn{;h is of the king post de sign" Ba'sic;rlly' the kirig Post is a

ç

stationa::ysteelcylincJ.ersupporbedbyabasestru-ctl}reassernblyasshown

in Figure 3-42. {lh. lrirp*r and lower king post bea'r'ings al:e spaced suffj-

ciently apartand" the wall of the king post cylinde-:r is suffj'cjently thick so

that it contritrutes less than 1.5T0 of- the Lotal pedestal cornpliance'

The upper bearing is an X-roller type which can support

radj.ai.,axial,aswellasovertui:ningloacls"Thelowerbearingisaradial
rollertypebea,ringlvhiclrcan.supportonlyradialloads.Thus,theui-lper
bearing reacts all of the thrust loading and the radial and overturning loads

are ïea.cted by the two bearings acting as a unit through the king post' Both

of these bearings a1.e grease luJrricated and al:e coverecl to prevent the en-

try of clu st aird. d'irt'

TTte azirnuth l¡ull gear is fixed' being attached to the base

structureassembl.yasslrorvninFi.gure3.4.?,,andjtsclirnensiollsaÏeiden",
tical to the elevatj.on- bu1.l gear. rl'his art:angelf\ent requires that t]ne azi^

rnuth dri.ve train rotate with re spect to the fixed J¡asc.

o (z)Azi.muthDri.veTra'in-Asnotedabove,thea,zimut}r

drive tr:ain a.sserrrbJ.ies aÏe identical to tbe elevation drive train assenrblics

thereby providing interchangeability. E',-'ther.two or four cornplete drive

trains employed in an anti-backJash rrrocle afe used for the azimuth axis de.'

perrd.ingupon:.;ccúTíjcy,stiffness'and'econo:l:nyrequirernents'Theload

ancl stiffness capability of the aztrnwtltaxis is equal Lo ctx greater than that

of the el.evation axi"s'

(3)DataPackâgea:.rclI,irrtitSwitches-Theazirrruthdat-a.

packageisdrivenfrorrrth.eaztll^¡uthbtlllgea.rv,rithal0inclrdj.anreter-
pitclr, anti-1¡a-c]..las}r pick off. geat:, Precisioir Class I anli-bacJ<la.s1r gearir'g

isusedr,vithintheclatapackagetodlivcl:1'and72:1'synchr:o{'c'rquetr:¿ns-

mitters (TX). The synchr:os are size 23'

data shaft s wi th'/'e L* o irackla sh c o r'r 1'1 
-i u g s'

6O llz ancl ar:e connectecl to the
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Upper Ïling Post Bearing Seat
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F.ig:uxe- 3-42 A.zimuth King Post Structure
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Thed.ata,shaftpcrsi-lioiia.cculaC:y,irrcluclirrgba-ckla.shre.pcat-

ability is within. 0. 50 for the l:1 shafts ancl 0.03o for t:.r,e 7?':1 shafts (re{er*

red to the outPut axis)'

TIleazín^Luthlirnitpackagec'onsistsof4r'otar:yswitches

rnounted on a 1:3 axis of the data gear box. Baclr switch is capable of hand-

ling a current of 100 rna ancl indicates a travel fimit by an open circuit'

rhe lirnits are 

;"::,, -i"r" "";;J:'":::ïii ,*;;-."
positiorrateachextrenrityoftravel.Thepre-lirnitpositionsareusedto
lirnit the rotatio::ral speed of the azirnutli axis to approxirnately 10% of its

ratedvalrre.Thefinallinri.tswitclrcllrnamicalll'brakestherncrtors.

(4lBra.ke-Thebrakefor.tlreaz'irnl:tllaxisisiclenticaltoLlrc

one clescri'oed' fo:r the elevation axis'

(5) Stow l,ock - The stow lock plovidecl for the azirnuth axi s

is the sarne as that described" for the elevation axis' The actuation lever

for the az,irnutlr stow lock is locatecl oir Lh'e yoke CrOSs arrrr- between tl'r,e pil-

low block suþPorts'

(6) Handwheel .. The handwheel supplied for the elevatj.on

axisisidenticaltot]:atclescríbedfortheelcvatj.ona,xis.

(?) Cable \Nrap - The cable wÏap for the az-ir¡-rui:h axis con-

sists of two pla.tes, each of which has 12 holes a'pproxirna'tely Ttt írt djanretel'

throughv¡hi.clrthecablesarethreaded'TheuppeÏplateisat'tachedtothe
elevation yoke platforrrr and the lower plate is a'tta'chcd to the base oî t]ne a'ni'

rnuthkingpost.Thus,theuppe::platefìloveswhi.let}¡.elou,erplatererrrains
fixecl. The cables aïe l.hreacLec1 thro:1gh tl]e hc'les in the uppel: plate' dov¡n

throrrghttrekingpost,arldouttlrcholesínthelou,erplate.:\clarrrpj,sat.
tached to the cables on the uppeï pla.te fixing them in positioir' Rollers are'

pror-i.cled on t1-,e lo$rel: plate to zrllorv the cables to r.Ilovc frecly without chaff-
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ingasthee].evationyokeisrotated,Uporrrotatioiroftheelevatiorryoke,
the cat¡les are dra.r,vn up througl: the lorvcL: plale and wr:appecl arourLd a sup''

port tube within th'e a'zimuth king post"

The cables are providecl wi.th a large 1-oop be1.ow the base of

thepedestaltoallowfreernoti.onoftlrecablesclrrringazjrnvLh.rotation',
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