@ https://ntrs.nasa.gov/search.jsp?R=19650002034 2020-03-17T00:18:07+00:00Z

STUDY OF "RATIO"™ AUTOMATICALLY

ASSEMBLED STRUCTURES

FINAL REPORT

15 JUNE 1963 to 15 JUNE 1964

GDA-DDG64-017

CONTRACT NUMBER NAS7-228

P. Slysh
G. H. Nowak
J. R. Lloyd
E. J. Kaminski

Prepared by

GENERAL DYNAMICS/ASTRONAUTICS
A DIVISION OF GENERAL DYNAMICS CORPORATION

San Diego, California

1 July 1964

Gl YU/ -5

Ia



ABSTRACT

) tﬁ;- study was sponsored by the Offiég of Advanced Research and.

- Technology, NASA Headquarters, Washington, D.C., and was under the

llnuriah &ypncnnon Spcs Ymucle Strueturca m.m SR

lectionalized, prc!abricatod panel -n-bers 'hzeh are noltad vxth W  ”;
respect to each othor in a staek hav1ng an etfxcxent packag1ng density.

These structurea and an equipment for auto-aticaliy asse-bliﬁg them

are described.

'Tia-s are. developed for<deter-an1qg,the

,;anﬁ»dafigcxxonsﬂzn the anegnnawstructura: Pro-
gra-n for co-putxug tha ettécts or these deflectxona on the Ihr tieId

radiation of the aatgnagrareighout half complieted. o
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1.0

2.0

'LPropertxes of the RATIO antennas, B I T T

”"RATIO" srnnc:unas L E

I. SUMMARY.

GENERAL .

The purpose of thxs study is to anestxgate the appllcatxon of

» RATIO anto-atxcally assenbled atructures -to ﬂpaceborne paraboloxdal,7;7” :77W

7;‘?antennan. The study 1nvest15ates the avallable trade-offs in the
- antenna structural properties»to‘achieve givén r-f andlnéheuvérabilityrr

'characteristics in the antenna. E-phas1a is placed on developzng and

simulating the relationships between the antenna structural maneuver-
ability, and r-f parameters. Specific attention is given to the
influences of material properties, structural configuration, antenna

r-f geometry, slewing,rates and on—board,nassés on the structural

Because of necessa:y -lnxau- 1nvest-enta in wexght of -automatic

'assenbly equxpuents, it is estimated that. the RATIO antennas are

‘attractive, from a ~weight poxnt of vxew, for reflectorrsxzes in excess

of 20 to 30 feet. Antenna sizes as large as 10,000 feet are

con81dered..fx

‘,?ne-ted»panex .*'hich Iount such sabsyste-s as the"antanna -t feed and

the attxtnde controllers, re-enforce one another to m;nxnlze the

structural :rigidity needed to handIe the boost-phase shock and vzbra-

:'t1on loads. Because of thxs, prlﬁary attentzon 13 glven to the loads

~ imposed on_ the orbxted and- deployed;structure and to the 1nvest13atxon__:--



of the effects—of these loads on structural distortions. These

d1stort1ons are evaluated in terms of the r-f performance of the RATIO

wind;:;xfkaTIO strucfﬁres ar; bas1ca11y deflectxon llmxted It
iS‘éStlIateé tﬁat fhe greatest structural deflectlons uxll resuit
from the steering torques generated by the attltude controllers.
Acéobdiﬁgiy,rtﬁe gfeafeét ;t;ention is given to these deflections.
Structural errors due to manufacturing tolerances, assembly tolerances

and thermal distortions which also influenée thé antenna performance

are. glven only secondary coasxderatxon at this t1ne.”

7 Auto-atzc.asse-blywnachxntry'descrzbéd‘xn sectlan IX, xs “attached -
.to the stack-of panels.— When tm_r“stack“h‘a‘s‘”bééii '6i‘b’i't"éa “"‘ﬂié"iﬁéﬁi’hé;ry,
operatxng at low speeds and w1th negllgxble drlvlng acceleratloas,

assenbles the antenna A typacal confxguratxon of the nachznery, ‘may

i:ﬁe ffor- mf sets of

three orthogonal flywheels or equxvalent are locateé on the backsxde

of’the structure where they de not interfere 'lth the r-f perfornancer

?';;ff - of fhe antenna.~ giW  ; ,,fﬁi‘:?,; e T

R e e e - SR
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RATIO automatically assembled antenna.




3.0 ANALYTICAL‘HODELS
In Sectxon III analyses are made of 31-p11f1ed, planar para-etrxc

B aodelt Gf RE\TIB anteanan. itqrg xtamled aedeh are miyzea T e e

bectlon IV

:,3;1";p54§ggfyoggi,if R fr—wrt ii - i 7"717" ;j
Té pérfdr‘ éreiiniﬁary analyses discrete-parameter structural and
r;f:-odeis are assumed for the RATIO antennas. These models are planar
with the reflector mass, the masses of the attitude actuators (plus the
asbociated'noh—péopulsive power supply) 7and the masses of the r-f feed

: system (plus xts electron;cs and power supply) concentrated at:thg

e e e nfﬁmx‘ Dﬁuctural ;unct.mu.

'Hﬁ-adeiwis aceelerafed aﬁout a centrol axxs and the

i e reaetton~fvréih are co-puted at each of the structural Janctions. In
puttxn; these forcea 1nto therGQ/A structural analysis progran, the

deflgc;zona arp ce-puted,at ggehrof;thq,structural jhnctioﬁs.' Typxcal

-~ deflection patteras for the .;.d;ma;oa cuupcnéntsperpemhcularto ‘the

Of‘theucoaputeé'norlal‘deflectxons vs. reflector s8ize are
' dlsplayed in Flg:. 111-22 tc,!II-32 anﬁ the dependence of these de-»rt
flectxons on the structnral -ass fractxon (k ) laftho'a in- Fxgg. III-33.

to rrr-ss. . e TeE e T



T

‘The choice of parameters to.-ininize the norinllzdd‘riu

deflectioul do not gencrally correlpend with the choiccrot paralotor.

to qax1llza tﬁe allo:able turnxng and nlg!ing,rntcnl,wligl‘ 111-427to

III-45 indicate turing and slewxng rates vs. structural mass fractionl.
F1g. Iil 47 1ndicates the 1nf1uence of changes in indapendent para-
neters on tﬂe deflectlons and turnlng and slewing rates.
DETAILED MODEL .

As in the case of the planar model a lumped-constant spring-mass

syste- is assumed for the detailed structural model. Also, in the

detailed. r-f model the phase distortions across the aperture (due to

“structural’ dl:tértions) are consxdered at discrete areas on,tht

aperture. These phase eriors are summed together with other geometric
factors to establish the far field radiation of the antenna.
As a result of this study,r70907computer programs have been

developed for the detailed analyses of the reaction loads and torques

-~ at the structural gunctzons (due to prescrzbed~attxtude-aneuvers) and R

’the resultant structural deflectxons. Progra-s for co:yutiﬂg tkewtar LS

?he<PrOgra- xnputs in !‘15.t 1-2 1ne1ude.~'nm,

Structural geo-etry., the grid spacxag of the structural bea-s,

'type of feed support structure. nunber of panels, location ot feed

etc,
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Actuator distributions: the number of actuator and-the locations
of the actuators.

i,*9*“'§°§,}otqya,con-;aﬁt::,,thg,tdrqué-tp-ya-;:rhtio;79( the -

“actuators.
- On-board mass fractions: the ratios 6tvthe masses of the feed,

aetuatora,"non-p;opulsive power system, etc. to the over-all antenna

mass. »

Slewing rates: steady state angular accelerations about one or
more control axes.

Antenna:geo-etry: the focal-length-to-dia-eter'ratio.rlocatiqn
of feed vith‘respegt“tqffgcél,pbint,rgport§r§~bléeﬁage;“refiector =
cmnmw,eu.m - | |

| ~Manufacturing tolerance and theraal dxstortxons. these affect
the far field radiation and must be added to the ‘deflections caused

by the reaction torques and loads.

The na;or progrn- outputs are the radxatxon patteru: fro- -hach o

the gain,kazde lnbcs, anlls and beam factors can be deter-ined.'v o

accuracy and to eventually siproach an error-frss anslyais of the
atructuéai d;fleéti;n;; TL£k£§§;§; by'idcrea§ingrtﬁe’déthiiriﬁ ther
sﬁbdiViSidﬁiof the apetturé.:theffaf’fiéld radiatiun'canfbek |
':esiahlxshed u:th xnereased accuracy. Matrix partltxonxng -ethods
-ake it possxbie to. anhstantxally~extend the~capabilitiea ot‘the
»7090 for these co-putatxons.

RS C SRR .- f‘; ;,;N; : ?»;'



RELATED PROBLEM AREAS.

The'qppendix of this report su-arizee the'-ork donq in various '

) arensAthat are reiated w;th RATIG structuten‘;¥,;,f;7;T£A;;g;w?»é%r!f?¢wwwr~~

" OTHER APPLICATIONS FOR "RATIO" STRUCTURES.

~ Because the'xnvestlgated RATIO antennas ha;eroaraboloxd of |
revolutlon reflectors the reaults of this study are applicable, in
part. to solar collectors. The major differences between the
structural requirements of spaceborne antennas and concentrators
arise from (1) the generally greater parasltlc weights of the

continuous concentrator reflector surfaces compared to screen -esh

-antenna reflector ‘surfaces, (2) ihe need to prinarily control re-

,»flﬂﬂtﬂr~8#5fa¢efangnlnr,deviatfoﬁ"ioiéféhéééf657fhoiconcéhtiator

reflector surface rather than the lxnear tolerances 'hlch are more.
sxgnlficant 1n the case of the antenna , . -

RATIO autonatzealiy asse-bled structures may also be used to

V'i;deplnx 1arge snlar panelsl as !gil,aﬁ cyl;ndr&eal—ﬂsphertcxl
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6.0 RECOMMENDATIONS FOR FUTBRE INVESTIGATIONS

6.1 COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS

The co-yuternprogra-s for loada an& defiectionl on the deta11ed RATIO

antenna structure are conplete and the programs for the far field radi-
ation and pattern plotting are about haif complete. It is recommended
that the incomplete programs be éonﬁléfedrsn that benefit can:be derived
from the work done in formulating them.

In combination these programs provide a powerful tool for the analysis
and evaluation of various antenna structures under the influence of
mechanical loads.

i e S b g A, 1 S

6.2 PARA;:ETRIC DATA

- Wnen the detailed co-putor progra- are co-pleted it is pos-iblt to generate

data on the tradeoffs hetween,the antenna structural and r-f performance
para-eters. It is reco-ended that this data be developed and that it include

the paraneters eonaidsred in sgctian III a8 'eil as tne -any onitted para--

t ia aect;on III._ The de#elopnent of thls data serves to

?d-unthe

6.3 ELASTIC STABILITY

Because of the nini-al loédn inposcd—on the RATIO antenna structures due to
boost-pnaae :nock and vibratxon, and because tne deploycd -tructare- are

defltction linited, 1t follovt tnat extro-cly light wei‘ht, ofriciont ltruc-f,

‘tures can be uqod. Tholc -tructnrol are tuada-nntalxy Ii-itod hy the. allowable



minimum cross sectional wall thickness that can be used in the structural
members. It is recommended that sample sections as applied to RATIO
antennas be tested to study the structurai'-atetiil and configurational

_factors that influence the elastic stability of thease seéﬁibns.f;

~For the same reasons that RAEIO’Bt?#ctureswiay be limited by elastic insta-

_bility they may also be limited by:thér-aI”instaBility. It is recommended
that the existing c;nbuter program for analyzing étructural defiectionérdue
to mechanical loads, be extended to include thermal loads. It is also recom-
mended that influence of spectral surface qualities and configuration factors
on structural—ther-al'5radients be investigated.— With knovledge about the

: ther-al 5rad1ents, and,grcgg;gs tn evaluate the structural dxstartieat “they -

1nduce, it will be possxble j@ erfectlvely'invest{gate RATIO thergal

stabxllty proble-s.

6.5 PACKAGING AND AUTOMATIC ASSEMBEY - - : o

Fnrther study of alternate means for subd1v1d1ng the antenna strncture 1nto

éanels that can_he ngstedkand-theaﬂaa%e-aticakly~asse-bied'inuld contrlhute”‘

packaglng densitzes, specific structnral nezghts, ete. for whlch the«dif—

ferent nethods are nost appiicable.'_
The square grld structure consldered in the study is lnherently less -

stable than a- trlangﬁlar grzd’structure.’ It is reco-ended that auto-ati—

cally assenblable structuresru81ng trlangu}ar paneis be investiggted.




6.6 OTHER APPLICATIONS FOR "RATIO" STRUCTURES

As a result of the work on RATIO antenna structures it has been found thnat

tne RATIO structures,and auto-at1c asse-bly nethoda can be applxed to solar

concentrators, anﬁ‘iargefséiar panels, as well as— ‘éjiindricai, 3pmerxcai’¥mw~<~
lenticular, and toroidal structures for space station, re-entry body, or
lunar lneltér applications, It is proposed tnat”tﬁasnrapplicationu be
investigated.

As in the case of the antennas, means for sectionalirzing, packaging,
and automatically assembling the structures should be studied. Investiga-

tions should also be made of pressure sealing of the enveloped structures

4,‘f°r,?P“?,?F?t3°9‘9n§,;999r shelter applications) by extensions of the

auto-atic'aséé-hly'prncesn. " The assembly process could be used for roll

sealing, or trxggerlng tne explosxve sealing of -atxng panel edget. Manual
methods for sealing the joints, after the structure has been asse-bled,
should also be looked into.

Canputer tecanc_ogy see-s anlikely to afford utxnn‘to tnis proble-. ESE
Core size, which now is’ tne li-iting factor, appears to he stayxng 1n tae

30«40 K region.



It is therefore recommended that effort be expended to face this prob-

,lén along these lines:

(a) Full exploltatlon of the Structural Principles of Sy-etry and

(b) Furtner develop-ent of the method of substructures.

e} ﬁxpioitation of the 1nnerent sy-etry of structural analysxs

matrices in dev1sxng -ethods of solutiomn - i.e., improving inver-

sion and solving subroutines,




II "RATIO™ AUTOMATICALLY ASSEMBLED STRUCTURES
(By P. Slysh) _

1.0 GENERAL.

VTni: sectign,dencrxbe. an zdealxaed RATIO antenna qyste- 1nc1udig;,itn ,;f;e,f,We;

:structurel, attxtude actuators, feed deploynent, and 1n—orh1t automatic
nssedblgeaaeaaggry The described antenna nas been chosen becanse of itn 7‘ |
relatively, symmetrical and easy-to-analyze structure, This description
serves as the first step in defxnxng the RATIO structures that are analyzed !
in Section 111 and IV,
A specific 100-foot-reflector-diameter antenna is assumed for the
- description. RATIO automatically assembled structures are however appli-

cable to many otner. antemna configurations ranging from approximsately 30 to

R

1000 feet in dia!eterrqnﬁ greater.

2.0 STRUCTURAL CONFIGURATION
"Tne selected antenna confxguration shown sehe-atically in Fig. 1 consists of :

 a nect;onali:ed reflector, reed, ietrapod feeé angport, ané.n fonr—fly'aoel s

finsttinl,(aititade? aetnatorfsytte-.l Tne Ionr actuators are 1ecatgd on. tn& R

cl nf’tﬁe~re 7eetor at'tne'junction betteen tnsefeed,sggpor

 nut11nedrin Fi;. 2.j The fﬁﬁ?’p&lﬂll taat -ount tae teed aaﬂ actuater sec- :
'tienl. shown in Fig. 2, are relatirely -assive aad rigzd,struetare-. The
jre-nxning 198 panels that Ior- the retlector are fitted 'itn a screen -esh _
7an1table for reIlectxng rot energy and are (relatively) signifieantly Iess

,,,,;,7-assivefand rigid. iith tne use of tnxn-vxre-flne-ne-h screens (ueigning
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0.003 to 0.007 pounds per square foot) it is possible to obtain reflector
surface adequate for operation at frequencies up to 10 Gc and corresponding

structures plus reflector surface that nave on the order of 80 to 90 percent

]
open area°

: ; - Becanse of tle'Op!ﬁ ‘areéa the tner-al gradlents fro- the front

to back or edge to edge on the reflector structure tend to be minimized.

Tne structure in Fig. 1 nas a uniform depth back structure. It is

p0881ble however to vary this depth as a function of distance from the center

or any part of the reflector.

2.1 ACTUATOR AND FEED, STOWAGE AND DEPLOYMENT

As indicatedria'Fig. 2 the actuators cons1st of a Ily'neel, fly-aeel drive”

and an actuator p031txon control drxvc. For stocage, tne actuator is

pivoted about pivot axis l parailel to tne reflector face.

Eacn of tne feed sect1ono, consist typically of a feed horn, and sec-

tiong of the,recelver, transmitter or non-propulsxve power syste-a. The

feed section is plvoted about axlo 2 -n1ch 13 parallel torthc reflector Iace.,'

R é lator or—spr;ng“drltea erect1on Iechanls- in provxded for plvotxn; tne

. actu&tor asscab >eahontraxit“3; totard the‘hack aiﬂe:nf7thé reflector anﬂrfor

a cntout in the rofl tor face, Qne cutont 16 flankld by

‘Qf 't-o tlapo 'nicn sprlng clooe to forn a- contznncus reflector aurface when the

rfeed section h&s been erected‘

The feed section is drxven by a prefor-ed sprlng 1nto aaseibly at tne -

- a clrcular crosa-cectlon -nen unrolled. Gundance:for the apring is provided, .

UL oo T , , . "



at the transition from the flat to circular form to direct the motion of the
unfurling feed section toward the focus. When the four'feed sections have

reached the focus, a -agnetic or mechanical latcnzng may be used to guxde

. and fasten tha,sectxeas togetner ot “7;; - ?;;;ﬁ;;;;ﬁfm;ﬁ—fwr~f~<i'7"'"'

" The atofed energy in the rolled spring is used to actuate tne unrollxng

- action and the rate of unrolling may be controlled by a motor or rotary
dl-pero If motors are used they may be e-ployedrwnen the antenna is assem-
"bled to adjust or cﬂntinuously control the position of the feed relative to

the reflector.,

2.2 STOWED ANTENNA

,.1&9,gnoncnspanol»lhapes;*lnd’the'iuhhirfij'iﬁiéiiiié?i;thiiﬁ;-éaﬁd:f;;d';oc-
tion&rarfiyppggcdlgn fégr,of,tnené ranels~gllow tAt”eiti?é'anxenna'té be
rrsfowed as ?gguﬁlinzfig.r3. - The numbers im Fig. 3 refer téhsequénéerin -hich
the panels are dssénbled;rpet Fig. i.igndAlabel the~;ibless,cnrner {point X
in Fig. 2) of tne panelso i | o

~ The stack,ngight inﬂfig. 3 is based on a_llallncnlpaael th!ck!lil ina

dzrectiaa perpcndieafar to tne reflector surface and a stackingNhg;;at,ot 12 ;j-ﬁi

f&ateners tny have a -inznu- cross sectlon di-enszea tnat is"- greater than the

panel tnickness. To prevent the fasteners fro- 1ncreacing tne ovor-all
stackxng‘h:xghi, ‘they are locatnd at staggered positions alon; the panel

'W edges and'cornefs, and cutouts are approprlately provided along the edges and
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corners such that the fasteners and cutouts dovetail when tne panels are
stacked. The Ioss in structural rigidity due to these cutouts can be kept
small by building up the panel structure around cutontno

- Since ther 6 x 6 foot jauls are relanvq,l,L mll santinu of the 100
foot paraboloxd, their curvature nas a neg1151b1e effect on tne nexgnt of
the stack. Stand ‘of f bosses on the back sxde of the panel faces may be used
to éonéensate forwtne reflector curvature in the stacked comndition.

Excluding the four panels that mount the actuators and feed sections,

approximately 85% of tn;’-aterial in the face and ribs of each panel is cut-

out to reduce weight. The cutout face sections are replaced with very light

weight screen mesh. The cutout ribd sections are rigidized, where possible,

by edgg fllnges. ”fldhg;;“;;“;;bfédééiﬁﬁa;;libliﬁh; f;fi;éiéf”}i;; ﬁndraré

turned-out,-away from the rib and face.
" Using the above cutouts and aluminum as the q&npirﬁhtibn'-aterial;'the
total estimated weight of the reflector panels is under 2000 lbs. (i.ef about

0.2 lbs. per square foot). - This reflector can be built with a surface

'Mwaccuragy_gxﬁnt lgaat Q 08 feet<uh1cn.-ake it applicablc tor Ircquaneios np

raﬂius,of‘gyrationrcr 1'7*tc¢t are -&der

‘of steelrrith afloo 000 psi yzeld strengtk.' Tucn the 'eight of the aetuator‘

system nxll he under 400 1bs.

11-7



The volnle allocated 1n the four feed sections allows for at least 2400
pounds of such equxpnent as a faaf'horn monopulse feed a co-unlcatlon and

' trackzng receiVer, cou-and control transuitters, ground lxak eou-unicatlon o

and data processxng equlp-ento

3.0 REFLECTOR ASSEMBLY PROCEDURE
- ”Tne kinematics of the RATIO assembly procedure is explained in this séction.

The mechanism for carrying out the procedure is described in Section 4.0.

3.1 BASIC MOTIONS

}HMNM;4Fon?wbésic'asstihiy not1ons of the panels are used to asse-hle tne reflector.,

VVThese are shown in F;g34 4,nr ,,,,, 5 Fxg. 4 entiines ‘the baslc motions’

G WAL BrasrtheAncved panel, ﬁnd A as the statlonary stack. iﬁweffE¢£7A7isﬂtne, 7
p051t10n of B before tne notxon nas taken placee Tae -etxens'to achieve theif

' Lndlcated relat1ve panei posztzons are defined as: I IR, II -and TIR, — ﬂbtxuns'

'I and 11~ consxst ef’iiaear tranalat;ons af B :1tn.re3pec fto~A tnaie -vtxunS'”f,‘“‘“

nas taken place,
A rotary actnator at poxnt <, and attached to tne’stack A, carrxes an

: _extendable; ',"

**”Tne second rotary actuator rotétés tne panel.about al,»as,

ol

: eqaip-ent aiiolar cell non-gropu151ve power systgnfAa?;hgrmal;cogizél»s§££én{%*w¥ﬂ%f”'




T T

Areuotjuls y yoewls ‘suoyjom A1quesse Oyeeq Jnog . '§ AHmquE

11 NOIXON

'Il_bf,, S




o
b

*4avuorivlm g taued vmzsguncw, ‘suoyjom L1quasew drswq anoy .. Q+II *S14

I1 NOYLLOW . W UI NOLIOW i

TP s=—=2=

A..l«lllli‘ll ———
i

O II-100

L ____1

=L I

- -_7_"_....._‘_;_,_,_,_'_...__1




An example of the use of the basic motions to assemble a simple square

]; . panel is shown in Fig. 6. The paheisrare numbered id fhe 6rder they are

. ngenhlad,_wxhe,;anngr in vhzca tne assenbiy Erows can be vzsualzzed by fix-

i
i

. | 1“833!3 paneld BV iﬁs 'in Fis. , 5-: It 1s Bm tm”unaﬁlmu m& 2&:‘ %he~A SRS PR —

. rxght-to-left euplace-ents, and .ot1on II for the left- to-rxgnt e-place-ents. ;
IR is used for tne transztlon fro- I to II and IIR for the transition from

II to I.

3.2 REFLECTOR CONTOUR

1t 1s evident, because of -otions IR and IIR tnat tne panel rows must

sequenhally """ temmtc in pair-. 'r:us serves to explaxn the sntpe ot tne

v e e reflectar cnntnur :nmm in i‘;g. 1._ ‘l'he hntatxcns thnt this 1upones on the

panels._ Tnus, if such panels as 1, 7 16, 27 40, 69, 85, 118, 134 163,
176 196 and 202 in F;g. 1. are eonteured, the gdgem1rregular1ty can be, 1{ R 3

.”deslncd ‘greatlylredﬁced; The - contourxng is- faczlxtated-by"tne minimum

‘to the face edgeﬁ that hordzr'nnvribsﬁivihdf2;iand'a~1 a—2 to tae tace edges :
on the oppeszte sxdes of and parallel to r1bs I and 2. A-A, nnd B-B v;II'
denote tne corners along wnlcn tne t'o r1bs 1nteraect _and 1 -1, 2-2 the other

i ; |
F»im'f - twu rzb edges parailel to A-L or B—B; ?ﬁ% letters A and a are uaed to desxg-riwii

nate tne novxng panel (pergrig.is)—and B and b tne statiénarz panclgi, ”,;;;ﬂ'”

PR




e 7'3“?fi1f‘11, IR, Iin, IHDICA!!S TBE sor:ou TYPES; R
| o— INDICATES FASTENING AcTION AFTER MOTION I, IR, IT OR IIR
HAS TAKEN PLACE.

X— INDICATES INITIAL FAS’I‘HVING ACTIO?‘ BEFORE MOTION HAS TAKEN
PLACE. '

Fig., 1I-6. :,Aés,embly program for emp’lacingﬂrﬂpanels’.‘

M-z



- Fig. 1I-7. Locations and orientations of male or
female; fastener sections on a panel. -
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T posxtioned on tne panelsa ‘Fig. 7 1ndicates tne 14 p0851ble locatlons and

The panels may be fastened together between the face edges (i.e.,
betveen A-1 or A-2 and b-1 or b-2, also between B-i or B-2 and a-1 or a-2),
and between the r1b edges (1°e,, bet-een A-A, 1-1, or 2-2, and 1-1 or 2-2,

also bet'een 1-1, or 2-2 and B—B 1 1, or 2-2),; 27?771;fd:,L?‘ﬁ;;iﬁw:LQVZWf S

) The fastenxngs that take place before and after euplacenent of the
panels, are indicated in Fig. 6. For exa-ple, in tne case pane; I!Vfgstgn-
ing occurs at r and s between face edges A—i and b-2, and at t between the
rib edges A-A and 2-2. fﬁis éétion takes place after panel 1 has been
removed from the stack located by the positiom of panel 2,

In the case of panel 12, the fastening action, vV, w along a-1 and u
along 1 1 takes place when panel 12 is 1n1t1a11y enplaced and panel 13 nas ;
_not -oved,,AIhe £astenings at- x; y, Z on panel 12 ocecur after'panel 13 has W

been e-placed¢ S oo

- The fastening actions may be'acco-plisﬁed by lbéallyiactﬁéié&.fésteners.
such as latcnes, capt1ve nuts, bolts, r1vets, exploslve edges, etca or by
non- locally actuated fasteners, sucn as bayonet fittings, cllps, keyzng

sectlons, etc. asrexpla1ned in Settxon 1, 0 A panel frane that nouats the -

: panel grxppe:s—are used:tﬁ f*xture eacn panel as 1t 1s transported aceord;ng B

tﬁi»eqnip-entAthat#trans—'”

-A’péft the gripbefffraié, , ;,i- ool ~;;;;ﬁxrs =
It is- evxdent fron Fxg. 6 tnat to achieve tne various fastening actlons,

matching male and female sect1ons of tne fasteners -nst be apprOprlately

orlentataonsdfor'the’iale'6r fenalerfaptener,sectiona, Fig,r7 also shows

II-14 .



that at any one time, either Bix or three fastening actions can be used on
the peripheral panels, and that six fastening actions can always be used on
each internal panel.

3.4 PANEL FASTENING OF STOWED ANTENNA

Some of the panel fasteners, used for assembling the deployed antenna may

also be adapted for fastening the panels to each other in the stowed condi-
tion. These fasteners would logically be of the locally actuated type such
that they may be disengaged to release the panels before panels are trans-

ported to their emplacement positions.

Tne fastenings between panels in the stowed condxtlon can s1gn1f1cant1yrﬁ :

contrlbute to re-enforcing therstrncture for handlzng boost-phase shock and

V1brat10nrloads:—~ ;ré e

400 PRATIO" AUTOMATIC ASSEMBLY HACHINERY

One form of RATIO automatic asse-bly nacn1nery is outlxned in Figs. 8 and 9.

v This -achlnery nasmtne tollovaag ee-ponents*

ek ’gi !hen €he‘engaged pane ;naszeen trnnspnrted tn its
asseibly pos;tion, via the ;r1pper Iranc, tne panel is secured in 1ts '
enplaced pos1tzon and the grippers dlsengage allowing the frame to

return for another panel°

It locaily“actuated rasténeis‘are‘uséd the grippers fi#ﬁt serve to

diéeﬁgégé,;n;"fastaners that nold the 1oqest'panelrto,thefutdck;j,fhjni

;,Il;lﬁ'i
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when the paneL has been transported to its’ assembly posltxon the grlppers _

act to secnre xt tnere,

"f:'4.2 ANTENNA"P!CKAGE CLAMP saarw

Whetner, or: not locally actuated fasteners are used to nnld tne antenna

“package togetger it!:ayfbe desirable to maiptgin;a@qigipggi,in;eg;ity in the

'Wpackage by cla-pxng 1t togetner. The clamp shaft witn a lug at its lower
end and pa351ng through the antenna package serves thais purpose. The clamp
shaft passes througn clearance holes in each panel and the lug at its end

engages the lowest panel 1n the antenna packageg Rectangular or key shaped

' cutouts, tnrough wnxen the Iug can pass are provxded xn each panel. The o

—ceeding one*vlthbﬁt be1ng turned about the cla-p shaft axis.

In operatxon tne clanp snaft releases -one panel at a- ta-e to -the- grxpper

fastener asse-b}.guww e L T

Tae grigper‘ rane 1s,moanted nn'actnatar’l and,vaot 1 eerrespnnds to

po:nt a or b, in Fxgs. 4 aad 5 iakewlse vaot 4 of actuator 4 correspoads

to poxnt ¢ in these r1gures° The 11ne txon_het-een a, or- b, andmc 15

—Hag




Tne actuator 3 pivots the gripper fra-e to initially separate the lo'est

panei from the antenna package. When the panel has been transported to its

) assembly posxtlon the pxtot nctxon is reversed to’ angn ine edget of tne

" over tne rxh of the asse-bled panelo

e
[

tne gr1pper fra-e 80 that tne grxppers, on tchp return motion, can pass

As tne panels are removed from the antenna package the gripper-fasten
assenbly must be moved up to remain at the correct level with respect to the
lowest panel in the stack. The support boom driven by actuator 5 serves

this functxon, At the conpletxon ot eacn basxc ‘motion actuator 5 advances

tne boel by ‘one" panel tnickness. In tne case of tne panels ‘that nount thc o

to thg;lgngih_oi_the—teed~or<actnatnr packﬁge.

As‘tﬁéfﬁiﬁiii’ire'réiaiéadirbi'tﬁeAéétenn# ﬁﬁckagé, the initial lateral
position of tne gripper frame with respect to the boom may change to-

properly positxen,tne gripper frame with' respect to io'est panel in the,,,

iyger fastener eventt':'

. _are descr:hed as -a functxon of ti-e 1n Fi;. 10°7” :7';

Tne angular rotatlons of actuntors 1 3, 4 and Guare denoted by RAI

RA3, RA4~ and Rs& and’liniar'nst1ons of actnators 2 5 and 6 by LAZ LAS

W natlns Pﬂn!184 ifter the panel nn:_hecnAaxsc-biedraegaatarA3 fartner*ptvﬁt: e

and “6 a8 anown ia Fige 9 e
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The states of the 5r1pper-fastener assembly are denoted as ”release”

“grip", "fasten“, and are referenced wltn respect to tnc sxdes of the pannl

~on. -nien th” oceurs Th“‘ 3‘1y 3-2 b-1 and b-2, as explaxned in Sectxon o

2 3 (and Fx;, 7). dgsxgnAtg;tnggq;desfg£~&a0~§anei en'-atca~tae fnsténinguﬁ“gv“*“”

S

taken place. Here ‘when the fastenzag actxon is 1ndicated along a. panel Iace

edga zt 1. under-tooﬂ to be accompanied by fastening actxon .on_one of the

closest ribred;ggg
The following sequence of actuator motions and gripper-fastener events
occur for basic motion I (see Fig. 10).

(o to t ) The actuatora are 1nit1a11y at tneir start1ng posltxons.

_ 'fi:and tae grxpper fastener -echanis- ia in a state gr1p . _' _M m

.....

Ei:Ths Iirtt.-mtxon is RA6 of the ela-p snaft to releuae a

) panel at tl

4ffi"ib‘iéijefieeiri;?;ﬁd fz the boom and clamp shaft are advanced a

panel - thickness by LAS and LA6,; and the actuator motions RAI,

LA2, RA3, and RA4 cycle to carry a panel from the antenna

‘rfastener reieases tne asseibIed pangl and commenceg to -

, return to 1ts startlng pos;txen. Sinee it -utt ‘now yasn by

At‘t tne gripper-Efg S




syhchronized to avoid interference with the antenna package.
~ At~ ts, at the completion of the return -otion, the "grip"

__state exxsts and the cycle can now be repeated.

It'is'possibiéféa:éghi;dlltn; actuatof an& gfip;er;fastengrlgycleswby a pro-
grammer. 7Tn;7§;bg;;.;érr;ay select tn; c&cler(i.e., motions I, II, IR, or
I1IR) and initiafes:tne'first phase of the cycle. Sensors may monitor the
termination of each phase. In the event that a motion or eveat is not com-
pleted due to a malfunction, the programmer may initiate an override or a
recycling of tnat -étion or event. The ofeffidekis pef-issible when the
malfunction does ot affect panel nandling or when the failure, as ina
f@SF?nﬁry.doeg,ngt“nnderg§neq$h§~integrityof the assembléd structure,
Bedundanéy-in;tne grippers, fasténers and drive motors may be provided to
enhance reliability°

Tne progra-er may also be used to recycle one or more conplete basic

motxcns that precede*one in 'hlch a. faxlnne has<occurred¢ ?hus xf tne‘ T

5,& AT cownm;mﬁb?‘fﬁs?l.oimr

= Wnen tne reflector asse-bly nas been co-pleted tne asse-bly equipment may be

driven away from tne last panel by cnenlcal or necnan1cal neans or xt it

 W dnes not»xnterfere-urtn tne antenaa perfornance 1t -ay renazn attacned to the-

~ last- assenbled panel. S B



’
l

" equal to-tme-inertia of the unassembled antenna package. Assuming non-

6.0 ASSEMBLY EQUIPMENT POWER AND WEIGHT

The peak power requiréuent for an individual actuator occurs when the

" inertia of the assembled ahtéhhi;-ai it“gppears at the<actugtor axis, is

~ conservative drives it is desirable to minimize this power by using the
lowest possible assembly speed that avoids coulomb friction (or stiction) inm
the drives and is consistent with the antenna operational requirements.
Assuming a one minute cycle time to install a panel, or an over-all
assembly time of about four hours, approximately 800 watt-hours are required
to nandle the assembly inertial loads and 200 watt-hours are e.ti-nted for

the fastenxng actxonl.

A 30-pcund szlver zinc battery pack -nould be adequate for tncso ener;y

requxre-entso

It is est1-ated that the over-all vexght of the RATIO automatic assembly
‘equipment, including the battery pack, is under 150 pounds.' This is approxi-

mately 7.5 pergeqtfo} the reflector strgc?érgo, N ) -

“",are shown in Fig. ll;f: e
i An,exi-dnation of’sqnare and sqnare spirai asse-bly seqaenees, shown in -
Figs, 11b, and llc, indicate that only t'o rows or two columns of panels may
be enplaced 11tn a contxnuous backArlh structure if only four baszc -otxons
iare usedy__ln tne case of the aquare spxral, _the. nu-ber_of basic notxons1
must be increased to six to produce cont1nuous rlb-to-rib bntting. |

II-23



—— _ (a) SERPENTINE

1 | | (b) SQUARE |
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Fis. Il Alternate pasel assesbly sequence.
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The circular spiral sequence in Fig. 11d suffers from: (a) irregular
sections which do not readily stack, (b) continuously different (although
closely related) assembly motions, and (c) a discantinuous back rib structure.

Tne serpentine sequence in Fig. 11 has none of the dizadvantages of the o

other panel asse-blien,

8.0 SUMMARY OF FEATURES OF'"hATIO" AUTOMATICALLY ASSEMBLED ANTENNA STRUCTURES
(a) The packaging density can be very high. Theoretically, if no cut-

outs are used on the panels (in which case the panels could be

made much thinner), the packaging density is equivalent to the

density of the structural material,

~ -~ (b) In the stowed or packaged state the panels are nested, and can be
_fastened together, to greatly minimize the structural rlgidxty
- needed to nandle shock and v1bratxon loads dnr1ng boost.

(c) In deploying the antenna no flexing in the structural members is

required. The structural panels which are prefabricated to fit

_together in a atress free condition agaimst a ground mold are

" oassembled in a stress free conditiom imorbit, .

st?uctn:z (duru:; asseﬁly) are neghgxble. o
(e) The asse-bled aatenna has a systenat1c, easy-to-analyze back rib.
atructure, The panel r1bs -ny be varied to taper the over-all

o siructure or- to smooth the contour o
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(f)

{(g)

“(nYy

(i)
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(k)
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e

V(o)i

iTheliarge mechs

The sizes of the antenna structures are considerably in excess of

'sizea achievable for comparable antennas for unfurling and inflat-

1ng -etnods.

Tne estx.ated 'exgnt of ‘the asse-bly egplp-gnt ixnclnd;ag 1ts

%power supplxes and controls) for a slngle-package, lOO-Ioot, 2800~

pound'antenna is nnder 150 ponnds.

" Unlike tne unfurlable and 1nf1atah1e approaches the same deploy-

ment concept applies to a wide range of structural sizes.
The structure and the assembly equipment uses available materials,

and components.

‘There are only tour basic assembly motions with which the antenna

. is. Asseabled— Tneae syste-atxc -otxons -ay be open—loop controlled

by llnit s'1tch and relay logic.

Thgwrelxabxl;tyrof"the'asse-bly'equipmént'hay be enhanced by
redundant drives and sinple mechanical ‘components..

The d1nens1onal 1ntegr1ty is generally not effected by -1cronete-

orite bombardment. r;=‘4f FE R s ;mﬂm;;rxfﬂ ;{,77,,_“.

antenna 15 dsplqycdg

The assenbly equlpnent could be controlled or superV1sed by a man

in orbit to s1gn1f1cant1y ennance 1ts rellab111tyo (Note:r The

',structnre is- 11ke1y to be so- fragtle that the man -ould best nandle i,




it by means of the assembly equipment in the event of a partial
equipment failure.) |
~(p) The antenna aa:e-bly is a repeatable and reversible process. The

7,fu11-scale ‘antenna can be asngnhledfand dincasienaiiy checked- cut

on a (ground based) paraboloidal frame or mold. Tne fits between

tne panels can be ad;usted so that the antenna lies on the mold in

an unstraxned condxtiong




III. PRELIMINARY ANALYSIS OF A SIMPLIFIED PLANAR MODEL

(By P. Slysh, deflection computations by E. J. Kaminski)

L 1.0 GENERAL.

e — ABefore prnceedlng with the detaxled analyazs of RATIO

_jnmmclures it is desirable tafﬁéffafﬁ'a preliminary ]

1nvest1;atlon of these structures tn deternxne- (a) where -

poasxhle, the qualitative or quantat;ve characteristics of the T

;é“structures in terms of their effects on the antenna r~f per-
: - formance and maneuverability, (b) the significant and negligible
! parameters, and (c) the types and ranges of structural and r-f
| para-eters that should be 1nvest1;ated

-.In the follocxng sectxons 81-p11f1ed nodels are defined, the

'-ethods or'analyszs are outlxned -and Justlfxed and prelxmxnary

-~~~ parametric data on the trade-offs beyween the structural ~and r-f e

 performance features ‘are d1sp1ayed ~ ' ,

2.0 . DEFINITION OF MODEL.-

'~w~—403e‘quadrant of a si-pllfled, planar nodel of the RATIO

This sya-etry sxgaxfz-?"
‘rcaatly'mxninizes the'conplexity of the structnral deflectxon

: analysis., The actual reflector coaflgnratlon {Fxg. III~11 has; e

,;ppqcedure fﬁr'antonatlcally asse-blxng the reflector Pﬂnciﬂiif;?if

B et SIS N SN S S




F 2.2 FIXED NUMBER OF PANELS. ' : R ' .

The Qntenna in Fig. III-l has 202 panels (i.e. squares) in the

' reflector structure and in Fig. 1II-2 there are 208 panels.r Apptox;:wr;r ?m .

e uatéiy fhese nu-bers of panels are necessary; based on prellllnary
considerations in Ref. (1), to cause the stowed stack of reflector
panels to-roughly form an eQuai-sided paréllelopipéd.: Ih ﬁractice,
it is possible fhat panel thickness variations or specific
packaging requirements, say for a non-equal-sided parallelopipeds

(i.e. possible due to specific envelope limitations of booster nose

cone), may effect the number of panels ‘that should be used. To

reduce the total number of lneorbzt asse-bly ‘operations, it may -

also be desxrable to reduce the nu-ber of panels to the smallest - o

p0551b1e nn-ber (1f thls does not unreasonably complicate the
‘ automatic assembly equip-ent)
‘While the above and other factors 1nfluence the nu-ber of

panels 1nto whlch the reflector should be subdrvxded (and enta11 7

tradeof{ stud1e§ ot the;r o'n) xt kas been‘dec1ded”mat this tl Af ;M S

: Je;ther'the O-Awor'G-B axxs by a react;on ilyuheel systen 1n,ih1ch

7rtthe spln axes of the flywheels ‘are parallel to elther the O-A or
P 0-B ax1s,, There will be no_gyroscoplc torques acting on the
frstructure. Ihe.actuatlon abnﬂt’tﬁégv-l and O-B -axes will generate

representatlve structural~deflectron‘patterns.

- iifi fi“?£III;2[f"ff-"7 o
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ONS FOR ATTITUDE . - =

- 7 m,n  GRID COORDINATES

= Fig. III-2. One guadrant of a planar ﬁﬁde‘lvvéhd;ving"ér';@ o
_coordinates for-rotation about the 0-A axis. . o






2.4 ON-BOARD MASSES AND THEIR DISTRIBUTION.
Tbe mass of the r-f teed, 1ts support structure,,and its

electronica, as -ell as the attitude actua;ers~plus their controls =

and non;propu181ve po'er supply are included in the locations for
the att1tude actuators sho'n in Flg. III-2., Four typical distri-
butlons for these masses will be considered:
Case 1, Ail of the masses located at the (1,1) grid coordinate
point (in Fig. III-2),
Case 2, The masses equally distributed at the (3,3), (-3,3),
 (3,-3), and (-3,-3) points. -
e CgsefsgfiIhéfihii@;fﬁqﬁgli}”diét;;butéd?;iiisérk5,5), (-5,5);,7
' ~(5,-5), ‘and (-5,-5) points. -
Case 4, The wasses equally distributed at Vt'iie”(':s',s),' ("-"3;3),
(3,-3), (-3,-3), (5,5), (-5,5), (5,-5), and (-5,-5)

points. .

3;‘7:; R ;mlié%xne}usion or the teed,nass 'lth the actuatnr -Mass 13,

f;rst order accountlng for the mass of feed is assu-ed ~at thxs_

t1-e,rt9 be dxssocxated from sacb factors ‘as the- facaltiength-to-;7<‘f'"

1'dxaneter‘ratxo the possible use of actuators located on therfeed

i or feed,support structure‘ ete.

o e



The'chrosen, locations for the aétuators are such that approxi-
mately equal mass moments of inertias resnltrabout the turning axes
in th§'p1§nerqf tﬁergperture.

A lumped constant spring-mass syste- is assumed for the

-structure in Fig. 111-2. The structural masses, as well as the
mass of the attitude actuators, feed, etc., are lumped at the
structural junctions. Massless, uniform-crossection beams are
assumed between the structural junctions.

2.6  SHEAR, FLEXURAL AND TORSIONAL STIFFNESS.

_ The chosen beam properties are. such-that the beam stiffness

dué—to,defiéétiohs in shear is negligible compared to the flexural

stiffngqqrpbqgt,thg,bea- principal axes. The torsional stiffness -
of the beam and the flexural stiffness at right angles to the beam

prlnxcipal axxs ‘are also negl1g1b1e.

2.7 ) PARASITIC AKD Lom-cmmms smucmam MASSES. .

- to be the Toad carryxngws;ctxons.

2.8  DEFLECTION LIMITED STRUCTURE. '
Refleetor dlstortzons may be caused by structural deflectlons

~1due to actuator reactions,iyanufacturlng and assembly toleranees,:;"

. then-al stress1 —and - ereepriaAthe structural*-aterlai. Only T

I11-7 o B




structural deflections due to actuator reactions are considered
The operation-streso

The structure is deflection limited.

here.
levels are assumed to be so lov that possxble -eb crippling in the

r beans é;;H;e 1gnored
2.9 VARIABLE STRUCTURAL PROPERTIES
-~ The beams 1nkF1g.'III;2 éahrhévé the same or varying cros-
sectional propérties over the entire structure. However, between
any two structural junctions the properties are assumed constant.
2.10 INERTIAS OF STRUCTURAL AND ON-BOARD MASSES
The angular inertias of the luiﬁed -#sses (ineluding the

o ,gcguatgrsrand feed)rabeﬁtr%h?ir‘centers of mass are neglected
2.11  STRUCTURAL BEAM LENGTHS. IS TR

>w>>»>>>_ All beams have the same length. This is consistent with the
procedure for automatlcally assenblxng the antenna 1n Ref (1){

The equxvalent of structural bean length varlatxons can be

7obtalned by varying the bean crossect:ons.

m'}HEIBQD:GFQA§&L¥S£S- =

é;*, rad/sec , angular gcce;ératiohs (slewing rates) of

B ,
the antenna and flywheel about the O-A or 0-B axis
', load carrying crossection of structural beam

- = Aifn' ’ :
B, in., total depth of structural beam

T - - - t rII,_,s 7 s




D, in., average diameter of the reflector

d, in., veighted ™=s deflections at the structural junctions -

~in the direction of a nor-al to the plane ot the aperture

E, psi -odulus of elast1c1ty of structural material
'F, 1bs, force acting at structural Junctlon
'g,'ii.]seéz;rgfavify acceleration = 3@7
G, péi, si:e#r modﬁlus

I, in.‘, principal section moment of inertia of beam

Io‘ Il' in.‘,l at respectively the center and edges of a

reflector

“iii IOA’ IOB’ 1n41b~sec2; moment of inertia of the antenna

_about the O-A and 0-B axes
~K;W1bs/¥t','average weight per unit of reflector surface

area for the load-carrying and parasitic parts of the antenna

structure ;

nsz,/“ut the fractinns of the

paras;txc mass of the structure to the load earryxng mass of

the structure

B e T Y e e T
o fract1ons of structural mass in the masses. M, and H

B 7 51 82




kz, the number 6{ structural members that meet at a

stiuctural Junction

ko = r /B, 'principal normalized radius of gyration of

Ly -in., length of a grid -ehﬁer

-, n, coordinate designations for the structural jﬁnétions
when'the antenna is driven about the O-Araxis, see Fig. 2; m, , 0y,
see Fig. 2a

M= Hl + M2, lb—secz/in., mass of half of a beam including
the associated parasitic mass, MI’ and load carrylng mass, H

MA' HEI + My, Ib—sec /1n., thegnassfof ‘the attitnde

actuator syste- 'hich is- equal to the mass of the fiywheel, HF',

and the mass of the non-prppulszye,pover supply plus drives and -

control system electronics, RP

HF lb-sec /xn., mass of the r-f feed systen, whlch 1nc1udes

'1ts assoc;ated electronics, non—propulsxve powvr supply, tele-etryt,i

“'Tcomnand and controlw datﬂ pronessang, ete. f

ZIP, harsepowtr, poter éeVQIOped 1n the sh&ftvcounectxng the

Tfflyvheel -aterxal

fly'heel to the actuator drive

Pg» PFW 1b~8ec /1n,4} mass d€n§if¥7?:13?F¥°?“??},9“4 S

S I -



the flywheel material
|
|
|
|

3.2

’2.1

Tew? in., :adiue of gyration of flywheel
o in., radius of gyration of beam crossection - -

s, 71@.[;‘{1:;%; ‘maximum hoop stress that can be developed im~~ =~

-T, in~1b, torque developedrby attitude actuator
re,iin;; tienge thickness of beam crossection

W, in., flange width of beam crossection

W Yo rad/sec, angular speed of the antenna and flywheel
about the 0-A or 0-B axis

3 NON-TAPW OONFIGuaAnoyL e

an-tapered—and tapered depths for the structural beams are .

to be eonexdered._ In the non-tapered configuration all beams -
have the same depth. In the tapered configuration the bea-
depthatare'a fﬁﬁetfoﬂ'ofbtheir fadialraistanee fro-'thercenter

of the aperture.

The tlange ar-ensloa; ' 1: parallel to the retlector
surtnce. - 7

The—area of the troiaectxon assu-ed reeponexble Int

- carnyxng_flexural Joads—zl.~based on” tﬁe proporfions 1n Fig. III~3

- ;:1,,"" o },ﬁie,;”t; ij{;z‘xii;iiii - :l S



A

= 3 B2 (wB)? (v/W), (1)
ir the depth of the beam 18,7 7 o - o
o : 2 B
B=2M,/3Lpg (WB)° (t/w) 7, (2)
and the principél section moment of inertia is,
= 0.75) k 2 B* (w/B)Z (t/m). (3)
7 ~ The prnportieas in-the- crossectlon ‘w/B and t/' are to be
chosen, together '1th values for kéz or ksl,—such that’(fdr'
the anticipated operating stress levels) the web buckling

distortions are hegligible.

The ké ihiéq (3) depends on the W/B and t/W However, in

fthls study,: hf' 0.9 is used and xts.dependenceﬂan i?B’and t/u B ffr"“’4”

) The bea-.crassecttons tﬁat can “be chosen are ﬂot lxnxted to

A .

the flanged bean crosaectxon chosen here. The bean may take the

form of a truss, and the flat flanges nay be substantxally

i Rl reduced. The chosen crosseetlon 1s, hovever, compatxble '1th

- !:,f{“f,; If{;i2"ff'j:'; e






]
the proposed RATIO appreach to stacking and automaticaily asseﬁbiiné
the structural panéls. |
3.2.2 MASS AND INERTIAL PROPERTIES.
o - ;§ggging/up.the»a;ea ef'the'réfléctbf surface from Fié.Llii;é
and .ult%p}ying by the structural weight per unit of reflector

surfaée, K, the total structural mass is,

M, = 0.00362 L? K, ()

and, since there are 896 half-length beams,

Mawgmes. N

The ~mass moments of imertia of thernodel about the OA and

OB axes are obtained by addlng the products of the masses at

, each structural Junctlon and the Squares of the correspondlng
|

rnor-als frqn,the ;unctxens to, rESpectzvely, the OA~ ‘and OB ax:a.M".]'

. The ma;szét,a siruetural 3unct1on'depends on the nunbar o; bea-s o R

‘1., =ML? (15,040 + V'), S (6)




, '1703 = u1? (15,810 + V k}), | o 7

© " where, V has the following valves,

C.Vuc, . v

» [~ ] N [
™
: ™
-

T iﬁiigfﬁﬂﬁi‘!:oulqi. iS)‘&;n. (6) and (7) can also be written,

ST . . o . B E
IOA = L" K (0.0613 + Yo kAF)' a (6a)




1 o
2  0.00146
3 0.05830

4 0.03620

- 3+2+3 - -LOADING CONDITIONS. - T n ”"fa T
The inertial reaction forces at the structural junctions
act normal to the plane of the aperture. The reaction force

‘ at a junction, located at a distance (n-1) L from the 0-a

neutral aké§, andwyaving kg beams per junction is,

=hapml) €0-207) &y ke w0

Since the angular acceleratxon the bea- Iength L

A’ A
~and ihe mass per hﬂlf ‘beam 1gngth ‘g are.the same at-each T T

- junction, it is é?iﬂént'fﬁaﬁithe {9£c¢,‘?;;ghahgéqunlyrrith,

e B :;;ﬁ*' f}ij f', ?’Iil-itfifﬂ LRI I T e




the number of beams per junction, k and its coordinate location

2!
‘mormn. Figs. I11-4 and III-Qa in@icaterthgrforcesjat the

Jnnctlons nor-alxzed thh respect to a, H L.

Por each of the cases descrxbed in Section 2.4 the indi- |
vidual actuators are assumed to generate the same térquc when
operating about axes parallel to either 0-A or O-B.V Therbn-boﬁrd
mass asgocxated with the 1nd1v1dua1 actuators is the same for each
case. Using these assumptions, the forces and torques are described
in Fig. III-5. The forces in Fig. III-5 are in addition to the
forces described in Figs. III-4 and III-4a, 7
- bes - - Note ‘that the inertias I, A and I, .7in Fig. III-5 are aftioja o

AW£99;§§9979§,ghewcgpqg,égfined in Section 2.4 and Eqs. (6) and (7).

33 WTAPEREDfCOQEIGURA?IOH.'« T -

| A structural configuratlon is assuned in 'hlch the prxncxpal

sectxon -o-ents of 1nert1a of the hea-s are reduced as a 11near

~function of their distance from the center of the aperture.:rgéww ,

Ln'Fxg. 2 nnd.I~ as~the sectien iaertza at :-ﬂr nsl,

(and at n:9 -—1) then the sectzon 1nertxa at the other Junctxon 5

: ,is,
- Eeneueplenteenile - oo - a0

i A = e IH'H o : S ',j’ o
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O-A AXIS ROTATION . _0-B AXIS R{)TATION

1\:

Flg']lx‘i Reactlon fnrces due,,hj;a 1ndmduaLgn.bﬂar¢m“§ anu 7 SR
i : torgues dne to 1nd1v1ﬂna1 mtztude aetuatﬂrs fbr cases 1 to 4ff’




the dlstance.rﬂfrirw

The beam crossection proportions (t/W), ('/B), indicated

’ in Fxg. I11-3, as used for the non-tapered structure, are to be

"~ applied to the tapered strncture.' Elinlnatxng B and I fron

;v;sqs (i}, (3) and (10), and solv;ng for A,

R ' %
, ® L
A = 3.46 (W/B)(t/W) {Io - (10-11)[(-—-1)2 + (n-l)zl lag /k ., (11)

o

and from Eqs. (3) and (10),

% 14 v4
B=[1, - (1)@ 0 /8] /o.7s &2 (wm? (:/w)] . (2)

It is evident from Eq. (11) that the crossection area, A,

“at a junction varies as the square root of the junction distance

from the center of the aperture. And from Eq (12) it is seen

that the beam depth at a Junctxon, B varles "as the fourth root

T The !alueaio:%x A _and- B at th§ centcr of theraperture :

Mg, = 0.00362 L K ky,. o (13)

LE?f' “f:}}:f1,:;}rF¢LfWﬁwlt¥  L”” ;f,ie;fifgﬁ;?”'



Assuming that the beam properties at each junction're-ain
constant for one half of a beam length from the junction, then

H52'can‘be determined hyrsuI-ing éhe -asses—atieach junction,

o = Pg (le)Z k, A, — (14)

m:n:lr

where the summation is over the junctions in all four quadrants.

Substituting A from Eq. (11) into Eq. (14), then equating

Eqs. (14) and (13), and solving for I,

= (0. 0021 L 1( k k' ) /(t/w)(w/B)

[psz_ { [1- (1,/1 )}‘-_(n—l) +(n-1)2] /8} %] {15)

I, from Eq. (15)-can now be substituted into Eqs. (11) and

VIR DR ) R R L - - e T e ‘i G e G 7 e :. %
assumption, Fig. III-6 shows the values of thg;quangxty-kéifglr

in Eq. (15) at the junétions in one quadrant. Summing these

values for the four guadrants,

S 0 a0 ok Ligy) Vet (wm em. e
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R P the Lnertié abqut the D-A,axxs xs,— -

Substituting Eq. (16) into Eq. (11), the values of the
load carrying crossection area, A, are deternined for each
{structural junction.' The A's bet-een adgoxnxng Jnnctlons are

then obtained’ by takxng averages of the A's at the adJOlnxng

~ junctions. These average A's in normalized form are presented

in Fig. 1I1-7..

By a similar procedure the average normalized crossection
moments of inertia of the beams between junctions are computed
and presented in Fig. I11I-8.

MASS AND INERTIAL PROPERTIES.

Eqs. (4) and (5) élso7hold for the tapered structuée;

7”§ﬁe mass moment of inertia in the case-of the tapered
structure, as in the case of the non-tapered structure, is
equal to the inertia of the structure, plus the inertia of

'df thé'aétdéibr'andﬂfeed., Desxgnatxng the latter: inertia by

,Al

_ substituting A from Eq. (11) and I_ from Eq. (16) into-

Eq. (17),

The mass pr S’:Pé!?;t,igswfgr ‘the non-tapered- structure, as per
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where{ g’: is defined in Eq. (15).

As before ua:mg (1 /I ) = 0.2, values for the quantity
,n k { i are given in F;g. III-O tor the junetxom inr cm.i : '
quadrant.  Susming these values i’oxr-' the four quadrantl, |

4 o , , o
= , . 9
Im = (0.0460) L™ K + Iu (19)

In a similar manner, using the values in Fig. III-10,

Iop = (L/2) ps Z (%)(n 1) L k2 A+ IBL
=m =1

(64) 1077 L4 KZ(n-l) {(x-u (1 /I ))]

nl-nl-l

[‘i'-;“ ’2 ‘_'f;*.’.,z]_/?}a * Iy

o 'cnntrlhutxons of- the atrm:tm‘al ‘wass’  at the dxfferent

Junctlons to the 1nert1aa I and, IOB'
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~The values IAl and IBI’ in Eqs. (19) and (20) depend on

the actuator—dlstrxbutlon case def1n1t1ons given in Sect1on 2 4. ' 7}
SR C
i

b ﬂszng these deflnltxons the nass nonents of 1nert1a ‘are’ flnally

e e e i e e

: % !
5
ﬂi{}t = 1% X (0.0460 + v, ki), N ¢-1 §) 1

| - | |

Iop = L? (0,0540 + v kAF), {(22) ;

5

| yhgre V _has the values given in bectxoﬂ 3 2 2." v - g T j
- A comparison of Eqs. (21) ana (22) with Eusuvlﬁﬂ)vand ‘789"‘ e
g B bilndlcates,that for the same L and K, the taperxng has reduced :
' ‘the contribution Of the structural n;ass to the inertia by a ‘
| factor of 1, 2 to 1. 3 ~Since the over-all Sstructural massris i
“the same for the- tapered and non-tapered structures the rct;ntril-w
7",”W,'Jbut10n “of the masses of the actuators and feeds tﬁ iheiéne;ii; - R §
T i . 7 7 i et B e el i

w3~~18‘nﬁt éhangéa

'?LGABiﬁﬁﬂﬁﬁﬁgiilﬁﬁ




~and for rotation about the O0-B axis,

]

Fop = (0:707)(n,-1) k; a, L pg (L/2) A. e (2A)

Placing Io from Eq. (15) into Eq. (11), performing the
indicated summation and then substituting A from Eq. (11)

into Eqs. (23) and (24),

F., = (6.3) 10°% a x 3 * (
oa = (6- a, (n-1) k, 1 25)
Fop = (4 5) 101 a, K L (.. -1) X, i: i o (26)

2 , . % :
: where{% i””i's" given in Eq. (15), and { §2 is given
in Eq. (20). | 7
Using Eqs. (25) and'(zﬁ) the nornalxzed forces at the

junctions for rotatxon about the O—A and O-B axes- are o-pnted« B f

B ;;mshe-n—m ﬁgs. III-II and 111-12. e

fo ces.due to—on-board masses andwthe torqnes
“—generated by the attltuﬂe actuators as - presented in Fig. III-S (for

the non-tapered structures) also. appky to the tapered structure.

3.4 SLEWING AND 'rumvma RATE LIMITATIONS. . . - R SRS s ST P

*,i;;;§'5i~:il'¥~~ 311 on-board non-structnral ‘masses are. conta;ned in- ”l and/HF o

The !F "‘“’ss °f the f‘-“’d) is taken as an mdependent vamable. T

111-31, - i'”?jf:iiijf"”?:jf%fii{;'"
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However, the M, (mass of the actuators), is equél torthe mass

of tﬁerflywheels, MFW’ plus the mass of the non-propulsive power
VSQPPII}’"éq 'And'HF' and M, are dependent on the required antenna

sleulng andrturnlng rates. Expresslons 1111 now be developed for

M arnd}!l_'.w

p* =
3.4.1 OPTIMUM MASSES OF NON-PROPULSIVE POWER AND FLYWHEEL SYSTEMS.
Fig. 11I-13 summarizes the weight-power characteristics of
the commonly considered non-propulsive power systems for space
applications. Based on the data in Fig. III-13, and adding a
weight pepaityrof approxinately 30% for the mass of the drifeé

and control syste- electronxcs _the shaft power developed- by the =~

7 actuatnr,;s cgaservatively eStimated to be,
P=3.25 M_* (27)

- The power P is used to accelerate the inertias of-: the dr1ve-

‘;A,'_”M.ﬁr no%orfar-atnre, the drive gearxng, the flylheei and the

antenna. Assu-aﬁg,thax,halt of the- power goes 1nto acceler-

:IA a, = (P/z),esoo/(wa + 'A" e ' o ' 7(2§?
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Assuming that the beam properties at each junctioh remain
constant for one half of a beam length from the junction, then

Mszsean be determined by su-,'-'i'ng'the iaséeé at each junction,

(L/2) Z k, A, (14)

m=n=1

where the summation is over the junctions in all four quadrants.
Substituting A from Eq. (11) into Eq. (14), then equating

Eqs. (14) and (13), and solving for I,

e 1= (040021 LK k| ki) 2/ (e/W) (w/B)2

[psz { [1- (1,/1 )]‘._(-- ) +(n-1)2] /e} %] - as)

m=n=1

I from Eq. (ISL,cmmhe substxtuted 1nto Eqs. ( 11) F

and B or A and Boo oo m ciEmiioln

fe=s e (12) I’or the evaluatxonio,,

It is. noted that the B;;EQB

':7”77 : B . . - o - %7
: »?ssmp,t:ign. ’i‘Fxg.f 1T1-6 shows the valugs of t};e quantxty k{ g

7 ianq'. (15) at the Junctiens in one qn?dl,'a,'!t,-,, _Summing these

S " values for the four quadrants, . .o oo oo T
- sy 10 Pk Lk, /Ps “’/B) i"*‘”"” - aey - o




Therefore, if 59% of the actuator mass is used for the
wﬁnon-propulsave power systen (or 41%~£or the flywheels) the

:fprnduct ur the antenna angular aceeleratxon and turnxng ta&e

_1n max;nxzed. These percentages, 'hxch esaentxally result
.from the assumptxons in Eq (27) have an estimated tolerance
of 2 IQXVerendgng on the specific non-propulsive power system
and antehnabconfiguration.

From Eqs. (31) and (33),
- R : e 2.43

a, Wy = 2100M PFw/I e L (34) :

P "'7' I o '*'*';mwal;i‘!;&ir*{'%)ij'it-*limited"by themaxr-ua allowable -

distortions which may be induced in the structure. These are

© 3.4.2 FLYWHEEL SATURATION.

[ ,

i,,, o o 7 out11ned ln,Sectlon 4, 5.
-

|

ghe & o




- tsing Egs. (55) and (30) in Lq. (29),

S Agi;%:" (srwf?ﬁwj ﬂfﬁ,?pw/;s : AR

, It is evident from Eqs. (34) and (36) that w, ahd:é;:”""'

are 1increased by increasing the r

FW" In this study, r = L/3

Fw

is to be used se-that the flywheel can be mounted on and

stowed with a structural panel. 1If necessary, flywheels with

ng> L may be deployed. However, the weight penalty for this

deployment ‘would hdve to be evaluated- and 3ust1f1ed‘7:~ffli"rﬁrﬁri
éi??,S;sifl,RELECTQR DibTﬁRTIONS. B 4%;Hkgk¢;__A;;¢;;;;LQ;;#;gmw;%=l—4%~#;=*;@”;;*”“L;’”f
“??ff*§:§*¥vg§§§§3§§ AFFECTING ANTENNA PERFORMANCE. T P ST
;:;;7; B AThe far rléiﬁ';SSI;llg;glg&;;;;f;;7a RATIO antenna is,
D 7 Lnrpapt> a fﬁﬁctlon of the number of wavelengths 1nrthe apgrture R
E;j:f:i: f***thﬁ Hyérinre—ampijinnb Jllumiaatzor fungtxgéiigggjiil;;in;£;égéjij7;:;::;;VV”7:7




The requirements for maximum gain, in some cases, conflict
with the requirements for minimum side lobes. For example,

reduclng the edge 111um1nat10n and 1ncrea51ng the 111unlnatxon

',taper -reduces the zain as well as the sxde lobes. Further,

increasing the illumination taper implies an increase in the
aperture blockage brought about by eniarging of the feed. But
aperture blockage reduces the gain and increases the side lobes.
Therefore illumination tapering has an undesirable secondary affect
on the gain as well as the side lobes.

However, by reducing the reflector caused phase distortions

both the galn and qlde lobe performdnce are 1sproved., The. improve- - -

ment depends upon the number of wavelengths in the aperture, the

“aperture blockage; the 111um1nat10n taper, etc. As a rule of
thumb, for greater than 20 wavelengths in the aperture and uniform
or tapered illumination, phase diStortioné'6ne-tventieth of a

wavelength or Iese are neglxglble. D1stort10ns at thls level .can

~be~readliy“éontrolled,on reflectors say 20 to 30 feet in. dzaneter

"“£§éfiaiiéééa1_ Tobtalned. 1t is assuned In this study that the

lestortxons are generaily Iarge enough to affect the antenna

performance.



%Qf;LﬂeﬁieE%i6n§*are computed at‘each”of the structural Junctlonsl

It is desirable to compare the influenceé of the defiections,

énd therefore the influence of these configurations and 1oading
- . coenditioens,; on the anteénna peffdrmanée;rr

The far field radiation pattern is predominantiy a function
of the radiation from each part of the reflector surface.

7VSecondar11y 1t depends -on the—radzatxon rrom the ref‘ector back

LT L e - structure, feed support feed housxgg, and_thews&rfeundtng“L‘”*”“—*”“7"%;W”ébiiq

S riiienv1ronnent.{ ignorlng tbese secendary Lnfluences,iw;: e E ok

bthe affects of the reflector deflectlons on r-f. radxatlon can

~ .. - - - be assessed ‘on a first order basis, bv determlnlng d, the rms
t

i Ehe4dgfientlonsgwetghted*by'the funct1on descr1b1 ér,he i

- trlﬁutlons of the r-f 111um;nat1nn,1niensx%§Aﬁfgr*theva§eﬁ%are3 R R T

;”:;nerleci;ons_teﬂd—to—;“_'“‘”‘"j"f“;




they_woulﬂ_be especially for tgpered structures, then tapering
the 111un1natzon produces a lower rms deflection than no
5 ; in;v tapefxng.

The r-; aéfiécti;hté;n serve as a guide to the minimum
wavelength at whicﬁ the antenna may be expected to opérafe
satisfactoriiy.

Two types of weighting functions are to be considered.
One based on uniform illumination across the aperture, and one

based on cosine illumination. The weighting factors at the

structural junctions for the cosine illumination to be
| , Uséé‘ig,gi!en,inWiig,,111.44i. S
‘ | 3.6 SCALING FACTORS. |
1 | | --.--In the definition of the structural modei the following

independent parameters are used:

- K, reflectér'unit weight

| ﬂlﬁ length of grid -

l‘ anieaua angnkar acceleratlon

1 materials

-;;,7actua£§; ﬁ;ss fract1on ]
: U/B,—t/', beaN'crossectlon pfoprtiénb
8py» Tlywheel stress

| Actuator distribution case per section 2.4

;fffﬂ'ii 7%1Q;illfii 7L;il;;ﬂ?,‘:i,f,i;:lﬂ ;,i?“i’,,,'f -
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Of these, K, L, a E, k

A Pge the rotation axis,

s' Prw' SFw?
and aotuator distribution are to be the mort significant and
generakiy ‘varied para-eters in this study. iFor a givan ﬁs
rotatxon axls,'and actuator dlstrxbut1on, as well as given values
for the other independent parameters, the following scaling
factors are determined for the more important dependentrvariables

in terms of K, L, a These factors follow from

A’ psv pw! aw'

the derivations in the preceding sections.

M, Ms’r:HA' P W' "'l" HFN L K ' (37a) .

B ~ (LK/ps)% o ,i ; - {37b)

2

I ~ (LK/pS) (37c)

e~k o G

R P R, F~dka, LG

II-43

(37g)



(3?;)

Crextta o o o B € L2 I

" In view of the definitions im Section 2.6 the major
defithiea—ii-itiBgnstructuialvstiffness is due to fie;uré‘ ‘
about p%incip#ligxes,of'the‘bea-n. For this condition the
local structural defleciiaas,‘and therefore ihe weighted
rms deflections, d, scale appraxinateiy as,

aaéx,‘aApg/gx*."' e L ma

The scaling of d with Lt in Eq. (37k) has a probable

o

accuracy of Z 50%. This is due to the presence of L and L”
terms (in addition to the predominant LS terms) in the
stiffnéss‘natfix of a generic structural element. The greater
the L the betteg the accuracy. The data in Section 4.3.5
indicates,fhe,act;airdependénce of dréh L. ‘

The’other;scaiing féc£br8:inrﬁq. (37k) are completely
valid within the constraints set by Section 2.6.

It is evident from Eq. (37k) that d is minimized by
wminimizing pﬁ/ﬂ. The following are typical values of pi/E

for some common structural materials,

I1I-44

IIIIIII.III..l.I....l.l.l..................-------r‘* B




(62 p2/E) 1070

Steel 2.60

Aluminum T 1,00

i & i b i
i -

| -

i

|

|

I

,3,.5,1,,

,AL?ERNATE SCALING PRQPQ&TIQNS

'Magnesium = 0.64
Ceramics ' - 0.60

Phenolics 1.00

Ceramics and magnesium have an apparent advantage over the

other materials in this case. It is however pertinent that

dxmens1ona1 stdbxlxty of the material under other. 1nf1uences, o

_Mauchwas.thnn-al_gnadzenxs~zmd creep,w-nstubeucens*dered» e g

‘before a final iaterxal selectxon is -ade.r It is also pertinéntr;'

that the. paras1t1c weight penaltxes (i.e. as for fasteners) are
not expected to be the same for the different materlals, and

need to be evaluated in maklng the naterxal selectlon.

A~ LKA

- I,,& 4L§ ,,x/ps' , g ) . > ’ ‘ : R

e uras




M~ LK,
3

and o

d~ L a, p,/E.

In this case d does not depend on K. Apparently, while
increasing the K increases the I the F is alse increased by a 
like amount. Hence there is no advantage gained by increasing
the mass of the load-carrying structure.

Likewise, if it is assumed that B does not scale with L or

K, but is held constant,

A~ L K/ps,

I e~ 82L x/ps, .

M L?‘»x,j

,F~ LSK aA,

and

5 2
d ~ L aAva/B E.,

II1-46
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'L°_f,fasxaac1398for srnncruaa& cusrleaawrtoxs AND LOADING connxrxows

been cﬁasea.: !hesc para-eters are common to all the contxguratxons.

'*32

"r = o.os

EORE R S A N i o L A

(1,/1)

iy Ezersane)

'SFECIF?C STHSE!QR!L DEFLECTION ANALYSES.

L = 300, 290 100

ks = 0. eo 0.85, 0.50

L Actuator Cases 1, 2 3, 4 (per Sectxon 2.4)

K=0.1

éirélé;

s

(t/W) = 0.01 -

7.3 x 10-4 {Steel), pg = 2.59 x 10-4 (alum.)

]

5 x m (suen

= 9.75

1.0, for hbﬁ;taperqd'étructufés

(1,/1))

0.2, for tapered structures

#

E = 107, for aluminum

Figs. 15, 16, and the above describe six different

.configurations for each of which, because of the chosen values

for k., and corresponding actuator distribution cases, there are

S

 I11I-48

ifs of th;a nnalycos the followlng para-etera have"



Again d-is independent of K. The added stiffness added
by increasing K is again negated by the increased loads.
. Coﬁtimu;ng ilon,g thg am lﬂﬂivnear,, the t::hickpess;ofithe web
and flanée aectiﬁns of the beam rcrosaectionrcan be assumed to be
held consrtant. In this case the depth of the beam would scale

linearly with KL and,
3 2

rller:e a pro:!:(:unced advantage is gained by iilcreasing K.
"f’;’ "fI‘t""i‘s‘ ‘beliéved that beam proportions chosen in Seéf.io’ii
3.2.1 priduc,g the most realistic scaling factors. While
possible alternate structural proportions may result in more
desirable scaling factors as indicated above, tbey 7do not
directly take into account the proportions that effect the

compliances due to local flange or web buckling. As such they

are not realistic,
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4.2

twenty different loading conditions.
The loading conditions (i.e. reaction forces, F, and
torques, T, at the séructural junctions) are obtained with the aid
of'Figi III-4,VIII-4a, and III-5 for the nbn-fapered structures,
and Figs. I1I-11, 1II-12, and I1I-5 for the tapered structures.
The scaling factors for the configuration and loading
conditions, in Fig. III-16, are computed with Eqs. (37a) to (37j).
While the weighted rms deflection, d, is expected to scale

accurately with respect to a,, Pg: E, and K, as discussed in

'\

connection with Eq. (37k), specific values for a E, and K

A Pgy
have been selected in the above for computational purposes.
DEFLECTION PATTERNS .

The loading conditions plus crossectional and mass properties
computed in Section 4.1 are used as input data for the GD/A
(IBM7090) deflection analysis program.

Input data for the following specific structural configu-

rationa and loading conditions used:

Confi‘ggatioh Loading Conditions
I 1 to 20
II 1 to 10
II1I 1 to 10
IT 1 to 10
IIr r 1 to 10

The results presented in this and the following sections

are based on these data.
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In addxtxoa tn the above data a nlnor-axxs to-ent of 1nert1a

of 10 1n.f

irat;on;;. Ihererore“fcr the snallct (L 100) conf1guratxoas, it
ﬁxé couparable -1th the prxncxpaloax1s 1nertxa.r However, because
of the nature or the load1ng condxtzons the influence of the minor-
axis 1nert1a on flexural rlgldxty is not 51gn1f1cant.,

'he progra- computes the three orthogonal linear and angular

' deflectxona at the Junctlona, as vell as the coordlnate forces and

torqnes act1ng on each of the structural neubers. .

:fare nnly concerned v;th the Ixnear defléctxoﬁs norual
: to the reflector surface (l.e. nonlnally in the direction of the
axis of the main lobe ig the radiaticn pattern). In the more
complete r-f radiation (IBM?OQO) program, described in the second
qnarterly report, Rgf. {4), all linear aﬁd apgnlar deflections are
| taken'into ac£ount. ‘ |
Nor-alxzed deflectxea patterns are presented in Figs. I11-7

_to III~26 for the tapered and non—tapered struetures under the

"f d1fferent load1ng condxtionsi The dark vertlcal lxnes in these
‘f1gures represent the nornai co-ponentt of the deflectxons at
the Junctlons in one quadrant of tbe structure.

The co-puted nor-allzed deflection patterns in F1gs. I11-17

to III-27 are not affected by load level changes.

has been used to satlsfy‘the progra- 1nput requxre-ents, -

s 1nertia has nst been scaled«as 1 or I for tka othar conrxgnazew**“"”
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4.2.1

4.,2.2

MONOTONIC DEFLECTION PATTERNS.

It is noted in Figs. III-17, III-20, I11-22, I11I1-23, and
III-26 that the deflection patterns are very similar for the non-
tapered structures under loading conditions 1, ‘2, 3, 4, 11, 12,
13,714, 18, 19, 20, as well as for the tapered structures under
loading conditions 1, 2, 3, 4, 8, 9, 10. These are the conditions
in which the actuators are located at or near the center of the
reflector (i.e. actuator distribution cases 1 and 2), or in which
the masses and output torques of the individual actuators are
reduced and have a maximum distribution over the structure (i.e.
aétuation distribution case 4). For these conditions the reaction
forces and applied torques corporate to produce deflectiohs that
continuously increase with distance from the neutral axis.

PATTERN INFLECTIONS.

When the actuators are deployed at a substantial distance
from the neutral axis, as in the actuator distribution case 3,
there is a tendency for the actuator torques to defl?ct the
atrpcture between the actuators and neutral axis in a direction
opposite ﬁo that normally caused by the reaction forces at the
junctions. As a result, there generally are inflections in the
patterns for loading conditions 5, 6, 7, 15, 16, 17. An exception
to this for the tapered structures under loading condition 5 is
noted in Fig. 111-24. However, when the loads are increased in
this case, Fig. III-25 indicates that an inflection does take

place in the deflection pattern.
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‘f, actuator no-onts

‘ 'ould have to he evaluated 1n ter-s sf the affects an‘the welghted

f ‘tkc atructure,’

It is poSSLBle that 1nf1ectlons may be avolded or 1nduced

hy aﬂdlng or subtrlcting local ntxffnmsa,xn the vac;naty of thc

rms deflectxons consldered in Section 4.3.
It is'intergsting that the rms deflgctions, rather than

individual peaks in the deflection pattern, have a major influence

on the r-f radiation perfor-ance of a reflector.

The detlectlon patterans in Figs. I1I-17 to 111-26 approxi-

~ ‘mate the -D&e shapes at the tunda-ental reaonant frequencles of k

Therg ii gffénﬂénéy{fo% inflections to devéldp in case§ 2‘a§d:;
4,7ho!ever; be#auée of the loading conditions or configuration
properties they do not. A comparison of the patterns in Figs.
I11-19 and III-22 for case 4 actuators indicates the influence of
O-A va. 0-B loading conditions on inflections.

'EIGBTED RHS DE?LECTIONS

A coaputer pro;ran wa- aet up to deter.xne thg welghted r-s

‘ detlections, d for eact of the sxxty loading conditions and rive

configuratxons described in Section 4.2.- Figs. III-27 to III-29
show the nromalized rms deflectiona‘vs. reflector size for cosine
illu-ination, the four actuator distribution cases, 0-A axis
rotation, three values of ks, and nothapered»and tapered »
structures. Figs. III-30 to'III-32'shp' the deflections for

qnifof- illumination, the other parameters being the ga-e,:'
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The rms deflections, d, may be used with the information in
Section 4.5 to nominally select the allowable operating r-f
frequency. An approxi-atp evaluation of the 1nfluencerot d on
antenna directivity, and\sidc,lobe level, may then be typically
obtained with References (2) and (3).

It is relevant that the radiation analysis program, developed
in part under this study, makes use of the individual deflections
at the structural junctions, rather than d, to compute the far
fié;d radiation pattern. Once the pattern has been computed and
Plotted (automatically with the SC4020) the directivity and side
lobe information is available. This approach; it is believed,
yields much more useful and accurate results than available in the
literature based on the d values.

AFFECTS OF STRUCTURAL TAPERING AND ACTU.TOR DISTRIBUTIONS.

It is noted in Figs. III-27 to ITI-32 that the chosen actuator
distribution cases have a pronounced affect on d. For the non-
tapered structures the rms deflections progressively decrease from
case 1 to 4. For the tapered structures the rms defleqtion-
decrease in theicése ofder 1, 2, 4, 3. The lowest deflections are
obtained with the chosen non-tapered structure and case 4 actuator
distribution.

Structural tapering increases d in cases 1 and 4 and
generally decreases d in cases 1 and 3. In case 4, where the
actuators have their maximum distribution, the tapering is most

detrimental. 1In cano'l, where only one actuator is used at the
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- apex of the reflector, tapering is most _‘beneﬁczu. This indicates

;,that the taperxng aud actnator dlatrlbutxons aust he consldered

'Ecolletsxi'ly to naxinlne thezr inditldnnl contrihutzens tn

4.3.2 AFFECTS OF srmmmm, mss'.rkacncs‘s._ |

- V Beéause the nctuator iasses are lumped, aﬁd are assumed to
“have no ahgular Qd-ent of inertias about their centers of iasa,
»changea in *3 (the‘structural mass fraction) in ca&e 1, have ﬂo

f,_ effect on d. ber the othef casea the k valuca'hévé an effect on

) d as d:splaged 1n Fxgs. 111-33 to In-ss for L = 300, 200, 100,

" £ﬂn§f:11u-1natxons.,:” o | 7
It is evident frcn Figs1 III-33 to III-SB that in most cases, the
" nor-a11y expected the reductxon of structnral co-pllance-, (i.e.
the reductlgn of ks) results in reduced r-f performance (i.e.
increased d valves). In some of the cases, however, the opposite
is trﬁ#. It is expected thitrthis latter occurrence is explained.
. im part by tﬁe tendénéyrinvfhésercases for an in!leétion or an
:lxncxpxent 1nf1ection in the derlectlon pattern.‘ ‘.i
3;:3 ;i 1 'h;le unifor- illunxnatxon generally increases tha‘Values of
A d; it doen not a1gnxtlcantly change the character of the d va. ks
curves.
4.3.3 AFFECTS OF ILLUMINATION FUNCTIONS.
The chosen cosine illumination reduces the d values on the
order of one-third of the d values for the uniform illumination.
This follows from the natufe of the loading co#éitiona which

a4
L
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4.3.4

generally cause the junction deflections to increase with distance
from the neutral axis, particularly when there are no inflections
in the deflection pattern.

| :Fi?; ilieSQ shows the ratio of d values fér uniform illumi-
nation to the d values for cosine illumination. The ratios in
Fig. III-39 indicate that the greatest improvement due to the
cosine illumination generally takes place for the non-tapered
structures.
0-A AXIS VS. O-B AXIS ROTATION.

Fig. I11-40 shows the ratios of‘d for 0-B to d for 0-A axis
rotation vifh cosine and uniform illumination. Tﬁeserratios are
based on the deflection data for the non-tapered structure with
L = 300.

The small ratios, in Fig. II1-40, for case 3 (compared to
case 4) may be explained by the deflection pattern inflections
which take place for both the O-A and 0-B axis-rotations (see
Figs. III-18 and III-21). In case 4, there are inflections in the
O-A rotation axis patterns (see Fig. III-19) and none in the O-B
rotation-axis patterns (see Fig. III-22). Since d tends to be
larger when there are no inflections than when there are inflections
it follows that the ratios in Fig. II11-40 should be larger for case
4 than for case 3.

Also there are no inflections in the patterns for cases 1 and
2, and O-A and O-B axis rotation (see Figs. III-17 and III-20). By
the above reasoning the d-ratios for case 4 are greater than corres-
ponding the d-ratios for cases 1 and 2. |

I11-79



LOADING

DADI! DISTRIBUTION
CGMUITION CASE

- ACTUATOR

NON-TAPERED

TAPERED

L=300

n

12

13

1

15

16
a7

b

19

20

‘Fig. I1I-39.

IR I

o

S B Y B ¥

3.75
' 3.60
3.50
3 3.50

‘ . 2Q40

'iﬂf4: :  };' :fgqag_h};_:

4 2.32

2 3.18

2,72

2,73

1.46

v296Q' ;

20‘9\4~ N

L = 200

L

= 100

- L

= 300

L

= 100

- 2.70;

s
4.40

- 3.80
3.40
3.40

2.31

T 2.82

S 260

' 3.40

3.56
3.45
3.44

3.46

. 2.67

2.20

5;66"‘

3.06
3.06
2,02

1.75

1;68

2,70

S 2,72

2,67

Ratio of d for uniform 111uaination to d for cosine
111u-1nation, 0-A axis rotation. :

I1I-80
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1.78

. 2.65
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: ACTUATOR
LOADING DISTRIBUTION COSINE UNIFORM

CONDITIONS  CASES ILLUMINATION  ILLUMINATION
L 1 | 1.5¢ 1.54
'2.”7»12 | | 2 o |

3, 13 2 1.90 1.68
4, 14 2 2.10 1.82
5, 15 3 1.00 0.45
6, 16 3 0.77 0.58
7, 17 3 0.63 0.52
8, 18 4 5.40 6.50
9, 19 4 3.2¢ 5.40
10, 20 n 3.29 2.54

Fig. I11-40. Ratio of 4 for 0-B to d for 0-A
R axis rotation, non-tapered structure,
L = 300 ,

I11-81



A -..110:-

m differcneo. 1n the d-ratioc for cma l 2 and 3 emot

be rcuduy oxplaimi. B

ror th- ‘unifor- fﬂlu-inuon th’-’ fur m coniu" nm-i-

'nnticu. , lo lx.pla explmtxon can be fom tor thi- occurrenec. ,

!‘arniannl ripdity in the structural sembers has been neglected
in the d calculations. This rigidity, if included in the mlysi-,
would have a greater influence in reducug the O-B deflcctxm thcn
in rcduexag tlu O-A deflectxm, lld -ag thenl’orc nunniu the |
dxscrqnnciu -kon in !1;. III-w

o -n-..i.* -tntcd with r’@iﬁpgl?u Eq. (37k) that there is a
probable cifré_t i- the ncaling of d with L4,  The oxtcat of this
error is inﬂicated in Fig. iII—41.V Here the values of d at L = 300
are obtained by L‘ scaling of the values at L = 100. The ratio
is then taken of these values to the actually computed d values
at L = 300 ru. available data allows for thc computation of these

rnti« onl; for O-A nxic rotatioa. as shm 1: l‘t;. III—!I.

It can bc ucn tn !'ig. 111-41 tlnt the ;rcaust -ealing errors

occur fnr the noa-tnporod ‘truetm-. This is explum in part

by the grea‘tot tendency for dcllcc‘t'ionfpattera inflection in the
case of the non-tapered structurss.
TURNING AND SLEWING RATES.

Figs. II1-42 and III-43 show the mormalized maximss turming
rates w |

A max

111-82 . -

Except for part or case 4, tln a..utxn 1- ri; n:—&o m[’ S

s, ks for the nnftmrcd and tapered structures, and




COSINE ILLUMINATICM UNIFORM ILLUMINATIOM

kg TAPERED  NON-TAPERED TAPERED NOM -TAPEKRED
0.80  0.98 1.60 1.00 1.50
0.80 1.05 | 1.00

0.65 1.00 1.23 0.99 1.47
0.50 1.00 1.22 0.97 1.16
0.80 1.01 0.85 1.01 0.82
0.65 0.99 0.88 1.00 0.89
0.50 1.00 0.96 1.00 0.95
0.80 0.99 1.03 0.98 1.14
0.65 1.00 1.57 1.00 1.37
0.50 0.99 1.33 1.00 1.37

Fig. III-41., Ratio of scaled to computed values of
d at L = 300 for 0-A axis rotation,.
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Normalized maximum turning rate, non-tapered structures.

Fig. III-42.
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the different aciuator,distribution cases. Figs. 111—44 and 111-43

- show the nor-alizcﬂ ale'1ng rate- c‘, va. ks for the sl-n -tructnret

’L;nzand caa-l.

' VIII—15 and the dnalxng equatxann, Eq-. (37;) and (371).:

It follows from an exanlnation of Fzgu. III~42 to I11-45 that:

(1)

thaa m{ '

7for the tnpered -tructures thau for co-par-bln aon—tapered

(2)

The 'A and :‘ in allrgases increase with ks,

any givep ks, case, and rotation asis; an¢ " ; and -,
are larger for the tapered tham for the non-taperéd
-tructnfa-; These charnctarxstlcs follo- txrstly Ira- the

predo-aaantly greater iacreacc of !,' (1n Eq. (36)) uith k

A

structuro..
The -, and a, for 0-B axis rotation are smaller than
these values for O-A axis rotation in the tapered

structures and for case 1 of the non-tapered structures.

At other times w and a, for O-B axis rotntion are

A max A

‘gre-ttr than for O-A -xzs rntatioa.' These oecnrrcnte. art

(3)

(4)

A
Also the ;re-tor the 19'43 'k L1’14 ratio the ;reutcr
the a It is noted that K,dooa not intlusncc  J but

largely explained hy thc valucs of I ia the dlttcrcnt

configurations and cases.

The v and a, performance is improved in the case

order 3, 4, 2, 1,

The greater ‘h'f'r'/Pp'rL ratio the greater the w .

TA. A max -
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4.4.1

4.5

does have an effect on a,.

A

TRADE-OFFS OF REFLECTOR DISTORTIONS TURNING RATES AND SLEWING RATES.

A comparison of the d values in Figs. III-27 to III-38 and the

'A‘-ax

and a, valves in Figs. III-42 to III-43 indicate the trade-

A

6tfa available in the selection of ks, case, L, etc. to achieve

given performance objectives. The following observations are made

on the basis of the information in the above figures:

(1)

(2)

(3)

()

While low values of k and cases 1 and 2 compared to

s’
cases 3 and 4 result in relatively high values of Y, max

and a, they also result in high d values,

Increasing the K and reducing L reduces d, and increases

‘A and 'A max®

If the downward or level trend of d vs. ks is maintained
for preferred rotation axes in cases 2 and 4 (as shown in
Figs. 11I-33 to III-38) then lowering the valves of kg,
for these axes and cases, improves the d, Y, max’ and a,
performance. Therefore cases 2 and 4 would be the most
logic choices if the rotation axes are limited respective-
ly to O-A and 0-B. It is, however, not usually practical
to use only one rotation axis.

The tapered structures provide consistently better Y, max

and a, performance but do not always provide better d

performance.

LIMITATIONS ON DEFLECTIONS.

~The computer program for determining deflections is based on

small deflection theory. It is estimated that the theory is valid

I11-89



4.6

for the dlstortxons, and correapondxng frequenc1es and reflector

slzes, imhcated in Fig. 111-45, '

;”ﬂthe*a_f ,ure-upper 11m1t and 1/10 to 1}30 of-n-ravelength-aperture-,

dxstortxn& lo-nr lillt. The upper lluxts on aperture dxstortlons '

in F&g. III-46 -hxch are critical to the accuracy of the de-
flection anaiy:an program, are also excessxvely largg.
SUMMARY OF RESULTS.

Flg. 111-47 su-ar13§- the‘poaltxveband/or ne;ative 1ntiuences»

of deai;nated change. ia the xndependent structural and operattonalA

parameters on "“itnﬂt“ changes in d, a s andw, . The

1nf1ucnce5'of an. 1nd1vidual parlueter is assu-ed to take place while

"the other para—etgrs are held;txred. Therefore a : sign in Fig.

I11-47 indicates that a positive or negativé influence can take
place depending on the values of associated parameters. When no

signs appear in Fig. III-&? thc independent para-eters have no

1nf1uence on the dependent para-etern.

The + sxgns in Fxg. III-47 generally indicate the'deslra—

k,bxlity of the indopendent para-ctor ehange, and a - nx;n the

undes;rahxlxty of the change. It is evxdent that the xnfluences

on a‘vand -, are not always co-patxble with the 1nf1uences on d.

Quantitative data on the above is contained in this report.

The‘valnen in Fx;. III~45 exceed the usual 1000 -avelengths~1n«‘- P

i
i
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1)

(2)
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IV. DETAILED "RATIO" MODEL ANALYSIS
IV-A. STRUCTURAL LOADS

(By G. H. Nowak, checked by P. Slysh)

1.0 GENERAL

Attitude inniﬁvirin. of the chosen RATIO antenna is achieved by inertial
r(including gyroscopic) reactions against the flywheels. The imposed
torsional loadl on the structure, due to the actuators, give rise to a set
linear inertial loads and finally te a distribution of elastic deflections
over the entire structure. In this study only the steady state loads are
considered.

The study of the dynamie performance of RATIO structures as part of
the over-aill lttitudg control system must start with the steady state
analysis., It is tentatively eéti-;ted that the results of the subject
steady state analysis will be valid for RATIO systems in which the resonant
frequency of the structure is approximately an octave higher than the

highest characteristie frequency of the attitude controller.,

2.0 GEOMETRY OF STRUCTURE

For purposes of'inifially aiiplifying the analysis of the component forces
and torques it is assumed that the panel structure forms a grid of equal
length and constant cross-section beams. The distributed mass of the
reflector structure i= lumped at the junctions of the grid. The weights
of the inertial actuators (each of which include sets of three orthogonal
flywheels) are also lumped at the junctions, where, likewise, the legg of

the tetrapod feed structure are assumed to be mounted.

N-1



An x, v, z coordinate ‘sy=tem is assumed with its erigin at the anev

“of the parabalaxd and its z-axis coineident thh tha focal axxs. The‘chﬁseﬁ

etrueture is such that a gunction corresponds wlth thn apex‘< ;;j;fé}~»‘wf

"7fTﬁé cnordinates, x, y,“:,"at the mass at the Junctxon af the nﬁ~column>

and nw row of the grld are given as solutzons to, '$
r 2‘% r r < “’
ml/f = log'fx/zf + 71 + (x/9f) Ve /207 71 4 (t/lf . (1)
e . r opy2 g L . a2%
nL/f = log, fy/20 + 1 + (y/20)°Y Vo fys2771 11 & y/20)77, - (2) ;

4tz x X vy )

where f is the focal leagth and L is the length of the grid,
If it is ascu-ed that the antenna rotateq about the center of gravity

of the antenna structure then the coordinates of the mass are describhed

in a new coordinate system, r,, r,, r.. #ith the origin of the new -

, ' i

coordinate system at the chosen center of mass, .

B : e e EEAR S S R N .

: r, = v, (3) |




/2 /2

. 5 3
ry = (x"+y%)/af - {{r(urﬁ/uz) - 1U3/8)/MerS /a0 2 1)

N
- 1)t mad ) {2 o (217 ar
i=1 S
+ NFZFJR.A'}kI/(N.1+MF+k-A-) ; (6)
where
L the mean radius of the aperture,
xT, yT, coordinates of a torque actuator set,
ml, mass of a torque actuator set,
N, number of torque actuator sets,
k, mass density of the surface of the reflector.
M. mass of the feed system, |
ZF’ distance of the feed from the apex of the paraboloid,

A, the arca of the paraboloidal reflector,

L 3/2

Since the Euler equations govern the motion, the angular rate components
of the antenna in the mass-centered-coordinate system, Wi W Wo, are inter-

dependent time functions.

3.0 REACTION LOADS

To develop typical loading conditions it is assumed that the given initial

angular rates about the Tys Tpy Py axes are w,, = w, = O and w £ 0;

Iv-3



and the required, final (-tpady state) angnlnr rates are ti and. '25 .-

The v, is n:.nnid te vaﬁisi; ‘The final an;nlnr rates are approached

,atyuptotieully, .nd the same time con-tnnt,/i, is Ilid te do-erlic the

;faexponontxa! an;ulnt rcto 1n¢rnn-¢ ar &-troc;t ahn-t thc thracAnxan.

&oniititl-, And as a eoa:aquoaso of tho varying
V;yr-seapie 1nd inertitl reaetiona. the -nxnnu- reaction Inrcc- at the
structural Jnneti-a:.are dcvbiopnd at some time afﬁct the initiul attitude
eontrol‘torqnoi‘are applied and before the final angular rates are‘achieied;
The components of theae maximam reuciian forces at each 51 the structural

Jjunctione are,

(P )l uin [v (' tl + -2 . L -gri)a
2 2 11 22 33
3 SRR 11 22 33
-r (' + w2 + '2) +rw -rw Y, (8)
1 1 2 3 3 2 23
2 1 2 3 13 31
3 1 2 3 21 12

where H;ai- the mass concentrated at the (m,n) junction.
| 4.0 FLYWIERL AND ANTENNA TURNING RATES

Three srthogenal flywheel sets at sach of the actuater stations (ef the
| éhosen model) are replaced by a single set of orthogonal flywheels. These
flywheels are taken te have angular rates B0 By ns,‘;hout their spin axes
reipectivcly in the x, y, = directions. The three flywheels are assumed te

have the same inertial properties. 1If the three flywheels tura with

"::IV§4  ff‘4




angular rates n_, n_, n

1 2" '3 3

rate functions according to the set of Euler equations,

then wir Yy w_. are funetions of these flywheel

D) ¢+ nywy - gy = -;1 [1 « (Jy+ 235)/3,]1 = wows(J3, - J1)/3,.

+(J,/3,) (ngwy - myw,), (9)
By + nyws - n3wy = -wg [1 + (314 208)/A) - wam1(Jo = J1)/dn;

+(3,/3,) (n,wy - D.w,) (10)
Dy + 0w - Dv, . -;3 1« (Jl+ 2JB)/JA] +(Jy/3,) (B w, & w,), (11)
Jy is the inertia of the composite flywheel about its spin axis,
Jpg is the inertia about an axis perpendicular to the:apin axis,

Jo is the inertia of the reflector about the focal axis,

Jy is the inertia about an axis perpdendicular to the focal axis.

Under the steady state conditions,

nl. - n2. = N3 - 'l. - '20 - '3” = 0. : (12)

Using the values in Eqs,9, 10, 11; hhd 12,

Do Ysa  t U3e You = Yoa "3e (Jo - Jl)/JA , (13)
nl' '39 - n3¢ '10 - 'l- '3. (Jo - Jl)/JA 1 (14)
e Yom + Ny, e = 0. (15)
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is turning abnnt Al l!il pcrpcn&ienlnr to thc foesl lxlt. s

?hcﬁictcrninint'of the system of Eqs. 13, 14, 18§, is,

Cem| w9

there:ore,lolntitna for 'l ’ °2- exist 11~thc equatiens are hemogeneous,

or - vheu,

e '2.-_0', T .SQ’ ‘0'71 SR | ‘ (A)

T T P

The conditien (A) characterizes thc case in 'hich the dish i» ttrning

about its focal ui-. The conii‘“nu(l) is m- the case in 'hieh the dish

- Couaidcring Etlc (l), it tcllo-: thlt.

L4

'z-/';. "'2-7'1-‘ - T . - R - (17)

and,

» ‘ -0 | "'.'..  -‘.{f - - e i ~(18)




5.0 MODEL FUNCTIONS FOR ANTENNA TURNING RATES

From the energy consideration expressions can be found for n,, and n,,

in terms of the -teadynntnto values Yie' You! and the initial values

2
%10° "20° "30* "10’ "20° “30°
nyg = =T1 o (3) + 205) /0,1 w00 Bhw) f(w2_ + w3 )%, (19)
2 % .
Doe ~ =M1 « (J1 + zJB)JA 1 Yoat B”izz/(wz- + vfn) ’ (20)
where,

Re{nge 1+ (3 2Jn)/ﬁA] '1032

e Lnyo 13 (3 + 23)/3,) -2032

2
+ { n30+ 1+ (Jo + ZJB)/JA1 '30} . (21)

The angular rates w; and w, are constant only when wy is sero. This

allows the choice of a simple set of model functions for Wi Wy and wy:is,
w, = 'l.(l - o-.t), (22)

v, = '2.(1 - e-.t). | (23)

V=7

bk



v, ew e, | - g e (2¢)

vhere}i is the ti-e eon-tunt depeudtnt n-inly cu tht tﬁnc ecn:taut of ihc

‘A'°aatnr-inertia—'iécl eo-binatinn.j !ht cho:an -«t .! f:nntion-, qu. 22, 23,‘

24, is only ene of a large fanzly ol pnllible setl.~

With a given set of medel functions, the Eqs. 9, 10, 11 have to be
solved to find the eorrecpondxn‘ time funectieas B 12, na of the flywheels.
Eqs. 9, 10, 11, vxth ¥y Yoy 13 Irom Bgqs. 22, 23, 24 rcprescat the attitude

control equations of the inertis--hgel-drivnnrRATIB antenna,
6.0 APPLIED TORQUES

The tergmes, T, 22,’13, applied to the antenna are deseribed by the Puler

1
eqnntionl;
T, - ;lJl + - (J -Jd ) = Xu (r ) (P-n’s“’-a’s“'-n’zl | (as){ :
T .%J - WA (J -J ),aX(r V3P 1~ (e ) (p ) l (20}
,2, ‘21 1  - RIDNERCE L
' T, = J o = }{(r ), (P )s (rn)z(P_n)i ] N : (27)

Sisce v , v, and w, €rom Bqs. 22, 23, 24) are known functions ef time,
Tl, T2, T3 are functions of time and represent the torque loads on the

: structure.

N LT e i




For purposes of studying the structural deflection the maximum terque

uagnitude,

max 1max Smax 3max

is taken to exist at the time t = to' when,
T) may 0T, /0)4 LI (a'rz/dt)o, rs-“( d'rs/dt). 0. (go)

Evaluating Eq. 29 using Eqs. 25, 26, 27, yields,

t, = 1/a 1.5 {G/e0 . (- a;/n)”]'} ’ (30)
where,
PO TR C\V/E S LU I P L O A (31)

For t = to the components of the maximum torque are,

T

+

a8 I, ' (1/10)-2_w3o(.1° - Jl) [1 - (9 - BA)%]

1 max”™

3+ (9 - u)"’], (32)

Ty max™ You* J; * (1/10)-‘_-“.(,;‘- Ji)[l - (9 -’u)%l

_r3 + (9 ~ GA)*]’ ‘ ; | (33) o
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'3‘...:"“"3@ e 3,134 (9- 3*).*3/#- - e R (3‘,‘)‘

A-iu-ing tﬁcra are N -truetura! jnnetions oecnyied by a -vt .! three
flyvhcoll, th&n thc tcta} number of f!y-hogla are 3H, and the ttrquel

applied to the d:th per flywheel aro,

t -t /N, | - S - (38)

1 1msx"

t -1 /N, R E : " o 7 ' (437)

7.0 INERTIA OF DISH

The locations for tha ﬁ flyvba:lu are abritrnry, Thcfiﬁ_tlyykccl!a

 *15feoordia‘teq lro,

(r)ys )y s (ag), = Uz} + ()3)/ar, | (38)

where ,

1 C ‘.,'l’ 2; ';"‘.""4




Using these notations the moments of inertia of the dish about its
principal axea are,
N

| 2 2 4 » 3
., 12'1 [(x,.)i + (.v,‘.)]1 }+ (64nke” /15) [1 - (1 « h/f)

/2

G
]

(1 - 3h/20) ], (39)

N
2 2 o 12
J,= (m)) 21 { 0Oy + )i 748 - 2}

)3/2

camxrizros { (1« w/e [35 (1 + % /02

-42(1 + zo/f) (1 « h/F) + 15 (1 + h/f)2 1
-1 + 7 (V- 52 /1) (v - 7/f)'); J /2 s M (7 - 7)2 (10)
DR ‘o’ ‘o o FF ‘0" *

where h is the depth of the dish (h = ri /41), - is the mass of one

flywheel set, and zo is the distance of the antenna center of mass

from the apex of the dish. That is,

Lo = [kI/ (Nu1+ M 2)5/2 -1 ]/

BRI N ER e (OO

N
2, .2.3/2 ~ 2 2
[« /a2 070 ) mad L L xp)
2 -
+(yp) /74 « Mz /RA) L (41)
8.0 R<ACTION FORCES OF FEED

In addition to the above force and torques a set of forces exist between

Iv-11



the Junctlon of the structural bay (tetrapod) and the retlector.' These

. forces can be detem1ned from the forces Fl‘ ' 2t F (xn the rl, rz,, ry

4:':'directums) acting on tha feed u,

{uuwn(zr z)“r (z z}} B _‘(742)
£y = My foy e (2 za-'H(zF z) |, | G
F, = M (w2, + )(a-er' o (44)
Pz =Mplegy e o) T T L B

- -here '11‘ v12, 113 and theu‘ derlvatnes are valnes for vducb Eqa 32-34

‘;V:"iare a nuxlm, mt il:

w, =" ('1/4)’{1.'(‘9”.&;)'17/31i | - (45)
21 20 ' ' , ‘ '

wi = V3o (1/4)[3 (9-840)1/27, | | | (46)
V1 = e (/91 - (9-84\)1/27’, ‘~ (a7
21 200 R '

.-.31,-=.; "(a/urs'; (égsa)l’zl; e

%

fi'h Eq- (48) to (48) 'lna (o-u) it ne;:tin, than

YT O Wy s wd - Y1ett Yo = ‘72 a, and ¥y, = -wyia.

9.0 SUMMARY

The steady state forces (Eq. 8) and .,2"5* steady state torques (Eqs. 32, 33,

34) have been established mung a glven set of nodel fuuctl.ons for antenna

‘turnxng rates (Eqs. 22, 23 24). : Thc forces and torques are based on. the

éenned syatem mertims (Eqs. 39 40 éie.) . on the -assea of the feedﬂ aﬂd
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inertia wheels, as well as on the initial and final angular rates and

accelerations of the flywheels and antenna.

10.0 STATUS

The equations describing the forces and tofques acting on a reflector struc-
ture have been programed for a 7090 computer. This program has been applied
to determining the structural-junction coordinates, as well as the component
forces and torques at the structural junctions for cases up to 5 in Table 1.
Also listed in Table 1 are the structural beam properties {(corresponding to
the indicated k values) which constitute one of tﬁe inputs to the structural
deflection analysis. The beam propertigs are defined by,

Ixx = the ﬁaxi-nn section moment of inertia;‘

I = the minimum section moment of inertia,

Yy

A the cross-section area.

11.0 CONCLUSION

From the work done to date we are satisfied that the computer program for

determining structural loads performs satisfactorily.
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TABLE X

INPUT PARAMETERS FOR STRUCTURAL ANALYSIS

Parameter

VCéée ' Cas;‘2‘7

Casé'3ur

Casé 4

-
o
L

Actuator‘{

Locétidn

Beam Properties

‘RX

1
yy
A

Parameter

Dimensions
in.
in.
rgd./sec.
rad./sec.

rad./sec.

‘rad./sec.

1b.-sec./in.

lb.-sec?/in.

lb.—sec%/in.

“ in,f“
,in?”

in.

600
60
960

1.0

10

1o

4
o
1

2

2

31

00
60
960

1.0

1.0

4

)
1

15
- t5

0.8

Iv-14

1.0

600

60
960
0.1

0.1

0.1

1 (7)19‘5 (M08 (1107

4

0

™

& &

6

600

960

31

0.8

Caée 5

3000

4800
0.1

0.1

0.1

{10

3600
10

4.0



IV-B. RADIATION PATTERNS

(By G. H. Nowak, checked by G. A. Burns and P. Slysh)

1. INTRODUCTION

The tornat;on of antenna radiation patterns by reflectors from scattering
and diffraction'are of fundalﬁntalyi-portance in antenna theory. There are
several approximate methods of analyzing radiation patterns. Exact solutions
of the scattering problem have been obtained for only a limited number of
cases involving simple primary fields and reflectdrs of simple geometry, such
as spheres and cylinders. These problems are treated in standard works om
electromagnetic theory, to which the reader is referred for the results.! In
treating reflectors of shapes other than spherical or cylindrical it is
necessary to resort to approxiiatt‘technique-. _Several such methods, 'Bich
yield very good results at high frequencies, are the (1) geometrical-optics
method, (2) current density-diastribution method, (3) aperture-field method,
and (4) scalar diffraction methed.

Both the current-distribution and aperture-field methods led to a
calculation of the scattered field as arising from a distribution of sources
over an open-surface, the boundary of which is defined by the system of
reflected rays. In contrast to the geometrical-optics method, the field at
any point may be found as the superposition of contributions from all elements
of the source distribution. In general, therefore the latter two methods will
lead to nonzero field intensities im the region of space not covered by the
system of rays; also, in the region of rays, the fields will differ from

those obtained on the basis of geometrical scattering. These deviations from

1 See, for example, J. A, Stratton, Elcctroqg‘netic Theory, McGraw-Hill, New
York, 1941, Chapter 9.

IV-15



: space xnto two soparate regionsq

sco-ctrical propnsntion of the scattered fielﬂ lead one rather naturall: tn
the scalar dxtfraction -ethod.

Experlnent: h.vo shovn that -hanevnr the di-ensions of an nperture are ,

large ce-parcd -ith the w:velength thc dirfraetxnn affect. nru -ininizad al:fﬁ¥“

| th§'ihjg§ p9§fi” h& ficl& putter: i: contgntratedwin thc ragioa ecver:d e

'Bjythcrrayt frul tho apnrturo. On the bnnis ot this fact a common high-

7 frequenqy approxi-ntxﬁn technique is used for all problen- of the type

1nvo1vxng a parabnlxc reflector. The -athe-atical details have been devel-

oped, and we need only summarize here the general ideas in the hpplication of

rthe'resuits to our problem.? In the case of a pnrabolic roflector the nper-

ture area is as-ocxated -ith a -nrface 2 of intlnito cxteat -iich divido: all», ,,}rﬁi

| The prnblcn ia then,cquiralcnt to thut ot

:;an aperturn 1n nt 1nfin1t9 acrean,on'thi lurface E. It i- --.n-pd th-t tﬁo

rield nvcr Y. 1: zero ev&nyvh-re exccpt over the aperture area; is effect, it
is assu-ed that dxftractton effecta at wide anglos with respect to the
aperture—ray system are negligible. In the case of a parabolic rotlector.it

is assumed that the aperture field is produced by geometrical rvflcetion or

}’rofractzon of the ruyc from the pri-nny tecd.,

2. AbSUlPTIﬂHS

In -nny anteanna tbc Iicld over thc aparturt is al.ont co-pletcly lino-

f-urly polarized. oaly a s-ali fraction of ‘the energy being in the crossed-

polarizatxon co-ponent of the field. If the latter is neglected, the calcu-
lation of the diffraction field is simplified; by use of the high-
frequency approxi.ntlons, considered previously, the problel can be rednced

to a scalar diffr-ction problel.

bee, for exa-ple. S. Silver, Hicro-nve Antensa Theory and Desig .,Vbl. 12
Radiation Lahoratnny Serie-, I 158-162, !cGra' 8111, New York, Lsca._ﬂvg

.
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The analysis presented hereim is for a parabolic aperture of infinite
conductivity; the aperture will be taken in the xy-plane as shown in
Figure IV-1, and the electric field will be taken to be polarized in the
x-direction. Fnrther, in many antcnna-, 'here, although the distance to the
prinnry food is not lnrge, the geometry of the body is such that the a-plio
tude of the ncatterod wave at the primary feed is small. Hence, -nltiple
scattering may be neglected in the analysis of the total field. This essen-
tially says that one is neglecting the effect of the reflector on the general
impedance characteristics of the antenna.

3. FAR FIELD REPRESENTATION
The diffraction field of an aperture area, A, is given by the scalar

integral formula,

u = - (1/4ﬂ)f(v~au/an - u 3v/3n) ds, (1)
P A

vher§ up is the electromagnetic scalar potential at the field point,

P (x,y,z), defined by the locus vector Rihushm in Figure IV-1; 3/3n
represents the normal derivative with respect to the parabolic surface; the
unit vector %, normal to the surface, taken to be in the positive outward
direction; u (x,y,z) is the scalar poteatial of the electromagnetic field at

the surface of the reflector due to the source field and is defined by,

u (x,y,2) = A (x,y,2) exp [-jk,L (x,y,2z)] (2)

where A (x,y,z) and L (x,y,z) are the amplitude and phase functions of the

source field respectively; k, is the wave number and equal to 2n/)\, where ),
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¥ P(x,y,2)

Fig. IV-1. Paraboloidal geometry.

W




is the free-space iavelehgth, and ¥ is the scalar potential of a field

point on the reflector surface given by,

v z exp (-jkr)/r | ‘ | (3)

where r is the distance from the field point to the reflector element on the
surface.
It will be recognized that Equation (1) is the Kirchhoff scalar diffrac-

tion formula used in physical opticl.'

This equation can be regarded as the
mathematical expression of Huygen's principle for a sc#lar wave; the result-
ant wave amplitude at the field point P (x,y,z) being expressed as a sum of
contributions for the elements of suffacg dS. The first part of the integral
is a summation of terms pf the form [exp (-jkr)/r] (u/3n) dS - a summation
of the amplitudes of isotropic spherical wavelets arising from sources of
strength proportional to (3u/3n) dS on the surface elements dS. The second

part of the integral can be interpreted similarly.

The derivative of u with respect to the surface normal, n, is,

Ww/dm =R . Vus=z ~jkout « VL + (u/A) aAa/an . v (4)

If the wavelength is short, k, is large and the second term on the right-

band side of (4) is negligible in comparison with the first term. Therefore,

al/B“ 2 -Jk°u T—t . VL. - (5)

3See,ﬁor example, M. Born, Opticg,reprint by Edwards Bros., Ann Arbor,
Mich., 1943.
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ngthi be a unit vector in the direction of the ray at the chosen point shoin
. in Rigurg IV-1. If the wavefronts associated with the rays throhgh theraberd £
ture are the surtaces L (x,y,z) equal to a constant, then the requxred phast

idxstnbutmn is k, L (x,y.o). rmu,

(6)

where k is the wave number and equal to 2n/A where L is the wavelength at

the aperture. Applying this results to (5) yields,

/o - jkufi L E, : S

””gwhere tho quantity On .s) 13 the cosine of the an;le betveen the @ and &

unlt vectors.

With regard to 3¥/an, it is observed from (3) that,

Av/an . V= ‘(d/dr) (exp-jkr) i(1/:-) " .5)

or,

g

3/ s - (1/r®) (exp-jkr) (jkr + 1) (R . ).

'fn_thi Fraunhofer regioh or the far-zone, the distance r is large compared
teo a wavelength for all points on the surface 80 that the last term in the
above equation is negligiblc in comparison to the first. . We then have, as

" an hp?roxinatibn‘v:lid,in the_far-zone,/tﬁat;'




Av/an u jk [“"‘j""] (/r) (R . &) | (8)

where the quantity (# . Fy) represents the cosine of the angie botvéen t£§
normal unit vector # and Fg; the unit vector from the point on the aperture
to the field point P (x,y,z).

With the aid of Equations (2), (3), (7), and (8), Equation (1) can be

written as,
u, (x,y,2) = (.ik/4ﬂ)j(A/r) [”‘"‘j"(’ * L’] (8 + F). Ads.  (9)
A
‘Fro- Fi;ure,lvbl,‘it'can be seen that.‘

F = RR, - P, (10)

from which it follows,

r = (f. 5)1/3 = (Ra + Da - 2R§1 . 5)1/2s

(11)

r = (R + pa)l,"a [(1 - 2RR, )/(R® + p?) ]1-/3

In the far—zone'fiold the customary approximations are made with regard

to distance. For R very large r « R - R, . § and 1 ns E;. Equation (9),

1v-21



;thércror.. becomes,

np‘a (jk/aﬁn)[éxp-'jkn] A (x'.i,g)‘[exp—jk (L (x,y,z) - i, ; 531'

4. PHASE FUNCTION
Attention will now be directed to ihe;phasc“fnnctian L (x,y,z) appearing
in Equatiom (12). Siace the reflector surface is a distorted paraboloid

thea,
F=Fes. . am

'iyore;

iy + kK (x® + y*)/ ar (14)

?l
]
)
"
+*

rqprésgnts'thc undistorted surface and,
M =iM A ekAz Qs
lis the dibtortion vedtor relativé to the undistorted surfaco.

The unit vector, R,, is convenxentl, represanted hy the sphurical

cordinate- 8 and ® of Figure IV-1 as,

R =T (cos 6)(cos #) + 7 (cos 8)(min @) x & (sin 8).  (16)




The location of the primary source field is given by,

f = £k + Af (17)

'h‘” '} |

Af=fbxr+§Ayf+EAs (18)

4

represents the feed misalignment and f is the local length of the paraboloid

measured in the z-direction.

Since,
Ls = f-9, (19)
it follows that,
L = (2 +0°-27.8Y, (20)
or with the aid of Equations (13), (14), (15), (17), and (18),
L=1z=[(x+Ax)® + (y + &y)® + (x*/af + y*/a1 + Ax)?
e (x)? + (7 )® + (£ + 82)% -2(x + &x)Bx, (21)

2(y + &)Y, -2(xP/af + y3/af + b2)(L + Azf)]"' .
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From (13) through (16) it follows that,
' §; + 5 = (x + Ax)(cos 8){cos 8) + (y + Ay)(cos 8)(sin Q)

* (x’/ﬂ +x'/4f+ 4z} nhi‘ e

Let the phase r‘fmctiqn or the e'xpioinnt_.nt the exponential functiem
(L- R, . 5) in the integral of Equatiom {12) be designated as M(x,y).

Then,

#

R i R e ax o buibey SEITAA

'

2y + Wby, - 267748+ AL o B2)(E e 820 ] (23)

(x + Ax)(coz 8)(cos 8) - (y + Ay)(cos 8)(sin @)

(x*/af + y°/af + Bz)sin & .

The unit vector & from tmhuug (13), (14), (15), (17), ama (18), is,

5=(1/L){'i'(x+Ax-Axf')+§(y¢w-Ayt)
' (24)
+ k (x’[éf + Y3 /4L0-2 + Az - Azt) } .




To determine the unit vector 1, normal to the distorted surface, we
start by intersecting the paraboloid z = x*/4f + y®/4f by the planes
X = X,y =y, to obtain the parabolas of intersection 4 fz - y - x: = 0,
and 4 fz - ;' - y; = 0. Lines tangent to these parabolas define a plane
tangent to the parahdloid. Loi us denote p and q as unit vectors tangeat
to the two intersected parabolas. The component representation of these

vectors are,

]
]

[{ . (x /21) I] !_'1 . (x-/2f)°]_1/3 , (25)

q [3‘ + (y /21) i] [1 + (yn/2f)a]_1,2 . (26)

From the structure analysis, the angular distortion Aﬁp in the p
direction, and Aﬁq in the q direction are to be determined. As a result,

the unit vector p and q are modified as,

o
+
™~
~
T
]

B o= O/ 1pxal]ee (27)

q° c‘i)/!ﬁxa!]mp . (28)

]
o
+
~
_—
-]
"

The unit vector normal to the distorted surface is,

a = (Pp*xqWlp*xql , (29)

or in component form,
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@ .,"

The co-poneiti in (30) .

B " I T

+

[1 + 2]

| ‘,’3-’?"”? Tw i

-1/2

qx] [‘P

§ qa ‘) - (p q + p q P

‘ / ,
/(x:.r,t/ZI)x [i + (x:/4té)II *

: ﬁf'ﬁsafii‘fﬁi,ithilﬂi

of (27) and (28), using (25) and (26), are,

- (=20 as, [;'*l{x:lif'?

(r,/20) Ao [1 . (2/a0%) o (y;/4f’;]'1 ’

o [1 - oz« oz

[l +y /4!"]‘

(y=/4f= )]'

_-(53/215 Aa; [15* (x:/;f?) 4;{,:,‘13)]f¥ 2

. (y /21) Aa [1 . (x'/u’)

v

(31)

(32)

(33)

(3s8)




1/3

a = /20 [1 . (y:/u")]-

173
+ ;99 [1 + (x:/4f?) + (y:/4f‘)]. .

6. NORMALIZED RADIATION INTENSITY

Since only the relative field potential is of interest the factor

(36)

before the integral in (12) can be set equal to unity, and the integral can

be written as,

ﬁp =fA (x,y,2) [exp~-jkM (x,y,z)] f.(Ry + &)
J .
1/3
[1 + (x2/41%) + (y:/4f°)1 dx dy

=fA (x,y,2z) cos kM (x,y,z) fi.(R, + &)
A

, 1/3
[1 + (x:/4f°) + (yi/ut’)] dx dy

- ij (x,y,2z) [sin kM (x,y,z)] A.(R1+ &)
A

’

r 3 /.2 3,3, P .
11+ (xu/4f ) + (yn/4f )] dx dy = U - jV,

where,
U=/fA (x,y,2) Tcos kM (x,y,z)] A.(R; + &)
A

2 2) - 1 2) 1,2
[1 o (2/818%) + (3/at ] dx dy ,
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and,

A (x,y,2) [sin kN (x7,2)] 6. (R, + 8)

-

e

The -agnitude o! the normalized radiatxan xntensity at thn finld pciut P

(x.y.z) is therefore,

vﬂmmwmmuw

The coorﬁ;natea ot the ltructnral Junctzona x (- =1 2,...!)

and Y, (n = 1,2,...N) are g;ven a; solutions of,

mntl/f :,loge[xi/QI + (1’+ x:/4ta)li3- + (x-/2f)(1 + x:/!fa)lls,

nt/t = log [y /2t + (1« y2/a? /3] (7 /2001 + y2/ar*)¥/>.

-

- (40)

(41)

(s2)

EQuatxons (38) and (39) aust he evnlnated for each of the structural

Junctions.

‘ai Ganssian Method of Intogration.‘

L For the assumed integral,
I=[F(x) ax ,

 1vezs

. (43)




one applies the transformation,

x = (b-a)/2€ + (b+a)/2,

obtaining,

+}
I-= [(b-a)/Z]-{F [g(b-a)/z . (:m)/z] de .

Defining the quantity,

(b-a)/2 F [g(b-a)/z . (b+a)/2] =G (8,

then,

+1
1=fG(§)d§.

-1

For the sequence (xi) i =1,2,....N, (yi), exists such that,

y; =Flx)) , i =12...M.

From these sequences, two new sequences (51) i=1,2,....N and (‘“i)

i=1,2,....N can be defined as,"

[}
n

[2:1 - (a+b)]/(b-a) ,

=3
L}

(b-a)yilz = G(§i) .
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(45)

(46)

(47)

(48)

(49)

(50)




- All values §i obey the inequality,

mivlngorde .tn express G(g) hy an nyprexi-atian, thich nssu.cs v.lnen ?1
‘at § A one can anply the Lagraagu yolgnoni.l ’ | '
: 'x ‘ . _
a(g) ~ Y m, 8(8)/ (-, yes) . (s2)
o i=1

'here ﬁ(;) is a polynenxal oI e order'with sero; at § = § for i =1 2,..N

k snch us,f

atg) ;ﬂ' (g-g )
: TS T

S&bstitutingAEqnitién (52) into (47) yields,
N

‘iz)ir. )

 where

-1 R M v . ‘ )

" are the weights and are independent of G(f). These weights, p,, can be
co-pnted for a,specxtie set of (; ) and used for different integrands.

The integrand of (55) can be written as,

¢(§)/£§-§i) - <;—§;u§-;.)....xg 8, ,ug ’51 ,3...(;-';,) RO

Iv-so -




or after performing multiplication,

¢(§)/(§-§1) + 5".1 + a1§n-a . ;,g"" +eees vay Lra, (87)

where,

N, o
a =) B g e e g e 8 e g]

j=1
J#i
{‘l,
a,=-L5 (8 .- gi-l’ §i+1’ oo gs) ’ - (58)
i=1 '
a, =58 +5¢€ AU AL 8 8501 * - 5 %
$ 8 ¢ B ¢ eee +EE L+ EE 4.4 EE
(59)
* §3§4 + §3§ toeee §3§i_1 M gagiox ¥oeoe §3§N
+ senvee + §N_1 %_zzcz(gl, ga, ceo gi_l, gi‘_l, e 5"),
8 = [gxgzgs * §1§z§4 ¥ oenee o gxgagi-x * gxgagin + °°°
+ esee §1§3§N + §a§s§" + §a§3§s + eee + ’§3§3§i_.1
(60)

* §3§3§i” toees t §=§3§N Foesee * gN-:gﬂ-lgN]

»=ZC$ (gl’ ga see gi-l’ §i+1' .o gﬂ) ’
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e N, | _
ot CDTEEE e By S e e o (e)

A L . WL AT S e
where,

P )

3 cv (gl' §‘,...o §i¢l’ gi&l’ “.', g.) L 2 - (53) .

P 45'repnnntn tlho m 01‘ woducts ot au olmu !K empt l‘. a i Mlugiu

'ts the coduutiu of the il clns without repetition. Th prime at the
rxght of the nu-ati-a ty-bol 1ndicnt¢s that the value § sust be excluded.
Integration of (57) between ¥ = -1 and € = +1 results 11,
1

f tmmg- 31 ag = [1 - )" . [a,/m-n] [1- (-1)"“3

-1

*

-+ 2‘!—3/3 + 2ay
Beeauie,

Q’(kgi) = §:-1 + a,';:-' + a,§?z + ..; + a’_zgi; L (‘5)
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it follows from (55) that,

P, = {[1 - 0NN . [a,/(N-1)] [1 - 1"
(66)
4 ceee [2aN_3]/3 *'ZEN-I} /[52_1 + algng 4 eces am_ll .

If (66) is inserted in (54) and the summation is performed the integral
I, in (43), is evaluated.
b. Numerical Evaluation.

In order to evaluate the integrals in (38) and (39) one variable
(e.g., x = xn) is held constant and the integration is performed over the
other variable by means of (54) and (66).

Integrals U and V can be written in‘-hort form as,

X = X, ¥ = +¥(x)

S s ¥(x,y) dx dy , (67)
X = -xn’ y = -i(x)

where,

v (x,y)

A (x,y, x°/af + y2/4f) :;: [k M (x,y, x2/4f + y2/41)]

(68)

A

. (R, + 8) [1+ x27a1% + y2/a* /2

and + ¥ (x) are the boundary values of y for a given value of x.
For a specific value of x = x,, assume a sequence (xi) along the y = o

axis defining the division points of the structural junctions in the
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x-direction. Along x = xz the surfnel is divided along the y-direction.

'rheu poinu are dofino& b; the sequence ’1 (i = 1 2,3,..&) as a functiom

'ot x!‘v |

- xy ¢§1x) ;',';f‘ oo K | e e
f v(:,,)aq; j?n (x)pi (x) ax,  (69)
-xy; -F(x) o exy sl

‘and pi(’x‘) for “ "=—7‘A1,2;‘3..;.K)' are the weighta. For cacix;‘ there are
K(4) weights. | ’

To complete the integration,

Xy L S ' N K(8)

i ‘B(x)p(x)dxa n'(x)p(x)p’
P 1 1 f 4
""t" i:l S E ‘31 181 :

N K@)

z z b 4 (’z”i) Py (x )P‘ o ) ‘(71)
=1 i=1 '

where p, are the weights for the divisiom points along the x-axis.

The weight matrix,

. comy

Pi(f‘g? ?{jf.ﬁttf: ;

Cavessa L




is an array of numbers obtained as the product of the L% weight of the
integration interval along the Y-axis and the i% weight of the integration

interval along the axis x = x The structural junction is designated by

z.

(£, i). The value ¥ (x ) is the integrand at the point (4, i). The

Vi
approximation for the double integral (67) therefore is the sum of all
products formed by the integrand at the structural junctions and the
associated element of the weight matrix.

Wiz remains constant for an antenna with a given focal length, diameter,
and a given number of structural junctions at which the integrals (38) and

(39) are to be evaluated. The integrand Y (x ) however changes as a

Y3
function of the distortions in the aperture.
8. COMPUTATIONAL PROCEDURE
For the sets of numerical values given in the RATIO First Quarterly
Report GD/A63-0856:
a. Coordinates and Deflections.
1. Compute and store values of x_and y from (41) and (42).
2. Compute and store Ax, Ay, Az for each (x-,yn). Ax, Ay, Az are
defined in (15). Assume Axf = Ayf = Az = O in (18).
3. Compute and store A¢p, and A¢q, as defined for (27) and (28), for
each (x‘,yn). From the structural analysis, the components (in
the x, y, z direction of the angular deflection at each (m, n)

structural junction are ¢xm N ¢z- n' and
A ]

A¢p - [¢x“’n + ¢z.’n(x./2f)] [1 . (‘-/2f)3]-1/2 |

A® (yn/2f)] [1 + (yn/2t)’].1/a .

q L¢yn,n * 03zn,n
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bﬁ. Weight Functions.

1. For each valne of xz‘z x_ determine and store K(2), as defined for |

 _(§93,_, K(l} are the nu-hcr of structural Junct;m at each X, = x.

nax:m valnes ‘l‘or y fo?- each x‘ g Cm-pute and store § (t) = 0
| .(t)l&K(‘) for cach value of i %_-x -(k-1), ~(K-2), ~(X-3) ...
7 +(K-2) +(K-1) +k and each correséondlng value of 4 = -N, -{(N-1),
-{n-2) .... §(x-2), +(N—1). +N. (Note K K= K(4) from iie- 1 in
Section 8b.) | E B '7 i
~3'».::- Uﬂhg vra}.aes of § (l} tro- above conputc and stnrc sx’,' ’A‘:”' .a. .
s '“‘(ss)'tu (631. | : Senn i

4. Conputand stm § = x /x nx and AL & x? e AN: from (58}~
to (61) tor each L= N, —(¥1) .... e(N-1), oN.

5. Co-pufe and store pi;, P,y and 'il from (GBJ—al_ld (72) using the
results of item 3 and 4. (Noj;e pi(xz) = ?iy’ and p, = pix')

c. Zﬂadiatiohi' 'Fix'nction

: Jrifb aad » = ’K(l) them ’K(l) m th

d. Uau:g the results of items 1 to 3 in Sect:um 8a, co-pute and stuu .

valnes for ﬁ(x e ) tro- (23). . a and £ 3 an variablec.“

2. Usung the M aml M fro- itu 3 x.n Sectioa 8& co-pute and store
P, p3, p3, Qfs 93 ﬂs fI‘O- (31) to (36)

3. From (24), (30) and (22),
A .(Ry + &) = [cos 0 cos ¢ ~_(k/£)(x. + Ax - Axt)]

(pgq3 ps q.)/A + {coa B sin ¢ - (k/l)(y + Ay Arf)]




(p; af - P} a3)/A + [sin 8 - (k/2)(X2/4f + y2 /41 + by - by )]

(p; a3 - pP3 a7)/A,

where,
A= T? + p3® + p3%) (qf* + a3 + o3*)

- (p! q} + b} a3 + B @) P/?

.C§‘P“t§ and store # . (R, + §) from above and M(x-,y‘) from (23),

for (k/t) =‘1 and Axf}= by, = Ay, = O.

Take A(x,y,xa/if + y2/4f) = 1 and using results of item 3 in
Section 8c, compute and store 4(x_,yn) from (68).

Evaluate, tabulate and plot (71), using results of items 4 and 1
in Section 8c. The equations are to be evaluated at, 8 = -mw,

~{m =0.05v), - (n =0.10m), <c.. + (~ -0.107), + (m -0.057), n and

¢ = ~m, = (m -0.05n), - (7 -0.10v), ... + (7 -0.057), w. The

SC 4020 is used for the plotting.
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APPENDIX A - STRUCTURAL ANALYSIS
(By J. R, Lloyd and K. C. Valanis)

1.0 . GENERAL.

In Sections III and IV of this study, use is made of a structural
analysis program, currently available in the General Dyna-icn computer
library. The following is a brief outline of the theory underlying this
program as it has been updated for application to RATIO atructures.

1.1 GENERAL APPROACH

The analysis method is based on an extension of the well known
matrix displacement method for the analysis of complex frames. It has
the following features:

1. Tfé.tPNGF analysis ayrlies to an arhitrary three-dimensional

structure having pinned, elastic, or rigid joints.

2, Tihe six degrees of freedom 2t the two ends of the truss members
are used to describe structural deformations. Shear panels may
be accomodated in the analysis.

3. loads in any of the six degrees of freedop may be introduced
at any point on the structure.

4, Curved truss riembers with non-uniform cross sections can be
handled, and there is no theoretical limit on the number of
members meeting at a joint. (Straight members with constant
cross sections will Le assumed.)

5. Account tay be taken of thermal loads and roments, due to

temperature fields.



6. The stresses in the structure are. vell belou the elastxc

(a)

_(,c)”

2

(k)

(X).

MMM
X ¥y z

M. M
Tx' Tz
o

~.f:‘_Modnlu$ of eiast;eitr.

the structural naterxal.;

ﬁE ;

_Cross sectional area of an element fnr tenslon and
 compression.

Cross sectional area of an element for shear.

A matrix which places a structural element in a speclflc
relatlonship te the aggregate of such elements constitut-
lng the structure,

A transformation matrxx relatxng the fxxed and local
coord;nate systems. : , .

Shear modulus of elastlcxty.

Hommnt of inertia of an element about its x, z- axes.
I'olar moment of inertia.
Cross section form factor.

The stiffness matrix of a generic element in its local
coordinate system.

A‘stiffness'matrix'té'the fixed coérdinaté”systéi;

}Iength of an elenent

v'Bendxng monent. applxed abnut the X, Y, Z;'aieé.

Moments about the X, 7= axeé induced by thermal loading.

A generélized force vector in a local coordinate system.
A generalized force vector in a fixed coordinate system.

A force acting in the direction of the X, Y, Z- axes.
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The matrix displacement method is particularly applicable to RATIO
antenna structures in which displacements are the important unknowns.
It is also of great value in computing quasistatic aperture deformation
patters from time-varying loads and for parameteric ztudies of loads
created by the attitude control system.

The analysis has been programed for the 7090 computer, and is a cata-
logued program at General Dynamics/Astronautics.

Thecoretically, the complexity of a structure that can bLe analyzed
on the computer is limited by the computer memory and structural symmetry.
The greater the symmetry the greater are the number of structural joints
that can be analyzed. At present, a structure with as many as 200 non-
‘ gymmetrical joints is being handled. This is adequate for the highly
redundant structural arrangement in the full aperture RATIO anfennas.

The following assumptions apply to the analysis,

1. The component elements of the structure are straight beams.

2. The heam cross-section and length of the beam centroidal axis

before and after bending are the same,

3. Shear deformation is small and negligible.

4. Structural eqdilibrium is not altered by deformation in the

structure.

5. The reaction forces and torques are applied at the structural

junctions. The mass of the structure is subdivided into lumped

masses located at the structural junctions.
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{r) i A generallzed deflectxon vector in the flxed coordxnato'

svstem.'

A generallzed force vector in tbe fixed coordlnate ewqtem.

Aideflectzon 1n the X, y,fr- dxrectlons.

X,¥.2 _,;A r:ght handrd Cartesian coord1ndte quten caileu the
o “local coordinate system.'

r,V,w - A deflection in the X, Y, Z- direétidﬁs.

ALY 2 7 A right handed Cartesian coordinate system called the
‘"fixed coordinate system."

.¢’l” =2 "A rotation about the x, ¥, z- axes.

(L} ny The stiffness matrix of the generlc element referred’

to the rtxed coordxnate system.
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2.0 STIFFNESS DETERMINATTON®
2.1 STIFFNESS MATRTX OI' A SINGLI. ELEMENT -- Consider an aggregate
structure consiating of straight uniform elements that are capable of
withstanding direct load, shear, bending, #nd torsion. An element or
trussimeaber‘in this structure is arbitrarily orientated with respect
to fixed reference system of axis, X, Y, Z.

l.et the axis of the element and the two principal axes of its
cross-section define a "local" system of axes denoted by x, y, z. (i.e.,
one of the local axes is coincident with the longitudinal axis of an
element.) Three displacements and three rotations with respect to
these axes at each end of the element; indicated‘in Figure 2 (a), com-
pletely define the state of deformation of the element. When the structure
consisting of many eiements is considered, the numcrical designations
in Figure 2 (b) will be used. In Figure 1 the vectors may represent
either displacements or forces, and the right hand screw rule is adopted
for the rotation or moments;

For a single member the following expression may be written with
‘respect to the local system:

(p) = (k) (u) (1)
where (p) is a vector or a 12 column matrix of the force, (u) is a
12 coiumn matrix of the displacements, and (k) is a 12-by-12 stiffness

matrix.

*Reference "Energy Theorems and Structural Analysis," J. H. Argyris
Aircraft Engineering, Oct., Nov., Dec., 1954, Feb., Mar.,
Apr., May, 1955,
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Fig. A-1. Designations for displacements
S at twe ends of an elemsat.




A vector in the reference or fixed system can be transformed to

the local system by

x 11 my nl X

y | = 12 my ny Y

z 1 m n Z
- -l . 3 3 3 - - -

where 1, m, and n are the direction cosines. From this we obtain,
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ul- = -11 w0y ] -Ul—
ALY 12 m, n, o 0 0 Vl
"1 13 "5 " "
Q& 11 mn, nl §1
*1 0 1, m, n, o 0 Yl
1 13 =5 % 8,
2 Lhmn U2
vy 0 o 12 m, B, 0 72
Y2 13 m; Dy '2
%2 Lhbmn §2
*2 L] 0 o ].2 m, n, Yz
82 1 n

4 L 3 ™ "3 fz | (3)

Or, in matrix form:
(w) = (€©)(V), (4)

where (C) is a tran.foriation matrix between the "fixed" and "local™

Let (P) be the forces defined with respect to the fixed systems,

then
(p) = (C)'(p), (5)

where the prime denotes transposition.
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: From the principle of invariance of the work,

 (951=>kC);(k)iC)(ﬁivvf¢ LR SR (7" ' fl”

or

(P) = (L) (U). S | | (8)

(L) is the stiffness matrix of the element with
respect to the fixed coordinate system and is found from the .
 expression ' |

2.2 | éTIFFNESSiusTRIX OF A BAY -- The structure is dividcd’into bays.
The azgfe;nte‘sti!fnesi of & bay is idéntified with the stiffness of'the’
elements,

Consider a bay in Fig. 3 that consists,of six elements, forming a

pyrauld 'lth 3 joxnts. The defor-ation oI’this bay is defined by 24

displaee-ents..nd therefnre a 24-by-24 stitfneus -atrix, The nn-erxcal ?iff.”“'

ischene in Fxg‘ 4 uses circled.nu-hers tn identify ele-ents and ordinary
numbers to identify dxaplace-ents. o

‘Let the displacement matrix of the bay be denoted by (U ) and the

3

displacement matrix of element j by_(U ), then for one ele;ent,
(U) = (a)(v), , - o)

where (:j) in:a 24-by-12 tranaformation nattix;v‘

A-10




Figc A"s.

An elementary bay.
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The load relation takes the form:

(P,) = (.j)-(pj), IR | (11)

hence the stiffneas of the element referred to the bay

(Ijb) a"(ej)f(Lai(ej?.' o ’ RS (12)

Therefore; the total stiffneps natrix (X) of the bay is given by

N |
@ -2 u.j‘), L (13)

uhere - is the number of ele-ents in the bay. -

ay the above procedure the ttif!ness uatrxx of all the bayn can be

bgconputod.

3.0 HETBOD OF ANALYSIS
The approach to the analysis is to divide‘the structure into simple bays.
Once the stiffness matrices of all the bays have been abtained, the
structure can be analyzed by taking eaeh bay separately, geo-etricelly
eliminating the bey'ffel the atiuctnfe, and incorporating'its elastic

effect in the adjéceht bay. This prbcednre is repeated untzl ‘only one

b:y is left. The Iest bay is then analysed by eqnutiag the dltpllee- ST

-ent- and force- at its joints -ith the dlsplece-cnts and torcel of the 
adjacent bays.
3.1  MATHEMATICAL FORMULATION OF THE ANALYSIS -- Let the bays be
designated by the numerals (1), (2), --- (n-1), (n). Consecutively,
numbered bays have common boundaries. |

Let.r(j), R(j)and K(j)denote the dlsylacenent, force and stiffnels
'?7‘-atr1ces respeetzvely of the j bay !hen, |




r(3) . () . (14)

Partitioning R, r, and K into components, b, on the interconnect-

ing boundary, and components, r, on the rest of the bay,

o o™
Lar IR (15)
]

r = b
Tr IR ' (16)

and

xbb xbr

K = .
Kb Krr| (17)

Substituting Eqs. (15), (16), and (17) in Eq. (14),

- 4 r - _ -
(j) (3) () | -1 (j)
rb xbb Kbr Rb
(3) ( .
i) (i) (3)
“r Ko kr Ry . (18)

At the boundary of adjacent bays, equilibrium between externally

applied and internal forces must be satisfied; therefore,

R, L g G g 3D (19)

(3, 3-1) are the external forces applied at the boundary joints.

where Rb
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Since compatibility of displacements must also be satisfied at the
~ boundary, | IR

From iq; (iﬁf, (19), and (20),’theffélloiingvrelgtion‘?-ngj§e~3

derived,

g (3 . g G u-n[ n(;-x)] 1 G0 (g
(1) (&) - (3-1) 3-1) ' 1)
%o *Fep T *Fep T Ky [‘n-(j"l;’ ]”‘x r'h“"” (22)

e d=1) [o G-1)Y-2 T, (3-1) o (3-1) ;,,f\(\ 'Y Ll
Bl e RS

Eqs. (21), (22), and (23) are used iteratively to solve for all
loads and displacements in the structure. |

In addition to the above, expressions have been developed for
evaluating the effects of thermal ioads and loads that are not applied

at the joint-. Coiputer programs are being writtén fur varions,strnct-v

ural configurationa that are applieable to the RATIO antenng. Tﬁcéc'”'E Sl

']3progr-n -ccount for conv:ntional joiut loads and thuhn:l loads.
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4.0 THERMAL LOADING
Consider a typical member under thermal loading where the temperature is
a function of the local coordinates x, y, 2. Agsume that the member is

simpiy supported. The strers in the mnember is given by the expression,*

e, = - ExT Hlog/A) + (ng, /1) x4 (g /T )2 (24)
where,

b { E=T(x, y, 2)dA (25)

Mg, = { E*T(x, y, 2)xdi, _ , (26)

Mpx = { E*T(x, y, z)zdA . (27)

The displacements of the member can be calculated from,

£
v = (1/E)§ (PT/A)dy ' (28)
(dau/dy2) = =My /EI, . (29)
(daw/dyz) = .MTX/EIJ( o (30)

*lev R. S., Switzky, H,, Torray, M., Newman, M., and Meissner, C. Jo,
Y \ ’ .

"A Survey of Structural Design Froblems in a Combined Thermal and Load
Lnvironment," Aeronautical Systems Division, Air Force Systems Command,

U. 5. Air Force, Wright-Patterson Air Force Base, Ohio, Report 61-645,
PP- 777 et. seq.
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WII axlal expansxon and rotanon of the ends of the membtr are prevented

‘q fuund trou the expressxdu,. ‘f‘

veomSeme G
In the yz,> plane the mouents Ml and Hzx are such that the slopes

at the ends of the element are zero. The additional moment distribution

due to the end moments is

r“z M * ’0’2:: -»lllyx)’y/fc L | o P | (3.’.)

‘Hence:

| 2 v' ‘ | . : L v | . . ‘
a®w/ay® = (e« My 0y - m Dy ] e | o (33)

or
y

y .
2 L 3 ,
‘g { nTxdydy + (M <7 /2) + -(MZX - Mlx)y /2‘-‘5)
p4 . : ,
d

M can ‘be found tro- the ’boundary condxtxom,

dw/dy = e y Yy = A
Mlz and M')z may be found by a similar argument .

For a uniform temperature variations along the length of a member,

Cals




M

1x - Mpe (36)

Moo= - MTx . : (37)
MZZ = = MTZ ] (39)

The forces and torques exerted by the element on tihe joints is shown

in Fagure 4,

FIGURE. A-4

Forces of thermal loading

and give rise to the matrix

(F) = (O -Pp O M O M, O P 0 -M, 0 Mzz)

 (40)
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ngvcn by the‘rela&lon.«f

5.0 LOADS NUT APPLIED AT THE JOINTS

-the joints are calcuiated.h These force@ define the matr1x (F ). The total

" loads on the ;o;nts of a%bay are. given by (30), (31) and - (3“).

, mThe matrix (P ) of the forces in the dxrectxon of the flxed axes 13

v ,,g‘g€§{T~g jf&fVi:
PV = ey (P)
(lJ, - ey (F33

also,

N - o . , \ : -
(r.) = (a)) (v, o 2
R | | J) T (42)

Fxnally the matrix (R) of the external forces appiied at the joints of

the bayvis glven by the relation,

W =2 v G
i B -

Loads thai are nof appiied at the structural joints can ﬁe'treated.in a
manner similar to the thermal loads. Whatever the loading, it can always
be resolved into conponents along the local axes of the element. The joints

of the element are, then, frozen and the forces exerted by the loadxng on

Ta ilnd tke stressea zn a meuber su~loaded. two types of xoadzng must

Le consxdered and thexr elfects superposed‘

(a) The forces in the nember arising due to the forces (R) formed

from (F).

{b) The self-equilibrating forces on the element itself consisting of

the 1nitial loading and the reactions of the frozen joints.

‘A-18




6.0 MEMBERS WITH NON-UNIFORM PROPERTIES

Divide the member into purts having approximately uniform cross-section

aﬁa.elasfié properties., The stiffness matrix (K) of the mémﬁer is then

found by the assembly of the smaller parts, in the way already outlined;
The ends of the member now form its boundary with the rest of the

structure. With the previous notaiion, we partition K,p, and u so

that,

K
Ppl = v Xor |l Y%

K K u
P rb rr r

(14)

Take the case where (p ) = O . That is, the member is loaded at its end
r : .

points. Then,
p =K u +K u (45)
0 =K. u +K u (46)
Now eliminate “r ’
. . -1
p. ={K -K K K u (47)
b bb br rr rb b .

u Ebb = p - (48)

or

Comparing (48) with (1) we see that for such an element (E£b) should be

used instead of (K) .
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APPENDIX B - THERMAL DISTORTIONS

(By P. Slysh)

1.0 GENERAL

Thermal distortions in RATIO structures, as a result of thermal gradients,

are influenced by the following factors:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

- The structural configuration, i.e., whether the structure is of a

truss or panel type, length-to-radius-of gyration ratios for the
truss members, wall thicknesses of the panels, member cross-
sections, number and sizes of panel or truss members, conditions
at the structural junctions, volume of the structural material in
the total structural volume, shape of the structural volume, etc.
Surface coaiing and construction material properties, i.e., surface
emissivity and absorptivity, material modulus of elasticity,
coefficient of thermal conductivity, etc.

Angle of incidence of the solar radiation, i.e., the attitude of
the structure relative to the sun, and the attitude of tne
structural members relative to each other.

Intra-structural reradiation paths, i.e., the number of p@tn-
through which radiant energy can be transferred within the
structural volume.

Radiation environment, i.e., the solar constant, as well as the
albedo background and earth's shadowing as effected by orbital
altitude and inclination.

On-board neat sources, which can either minimize (through a
regulation system) or increase the thermal gradients.

The turning rate of tne structure relative to the sum,
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Ia the follo'ing aaalysis a rectangular structural volu-e is assumed
-hich is 111un1nated by the sun on one side. A hypothetical, aggregate-

nncrascapxc strncture is taken to occnpy this volu-e and to have the tollow-

(a)' The structural volune is occupied by an approxinately rectangular—%
- lsttlcc. trupn !rane-ark rxth each of the truss members having
the same length-to—radiua-of-gyrat1on ratio.
;g(ﬁ)b The fra;gwork:xs,orlgnted at an arbitrary, aver#ge ingle with
respect to the incidant,aoiar radiation. 'Thérstruc;uré is not
= "‘rotating.} ‘ v 7

Pin JOIBtl connect all strnctural aenbers‘

hii'ThQ extinntxaa cf the 3”_-$xi':“” y throu e
opcrtiunai tn - exp ix,:there x is,the depth of. penetratxon
of the solar radintxon»in,the -tructnrll volume. To some exteﬁ{;
‘by this means, tﬁe’intrg-structural réradiation effects are ﬁaken
- into account. |
(e) Lb'-earth%ptﬁit solat'cénstant is used, the albedo.rédiation is

neglected, there are no on-board heat sources, and there is no

o f) 'rheml ~gradients -re generated | only in the dlrection of the | sun'- o
r;ys. ‘li the ineident radiént’enérgf is réradiaféd from the |
'sxdc of the structural volu-e opposxte the side recexvxng the
 radiation. The surface thermal propertles and material propertles
of the structure are constant throughoht the structural volume.
For the ahove conditiona, ussunxng no external constra1nt-, para-etrxc

oy expressions are develcped for doflections along the length of the structuro.




These expressions indicate the dependence of the deflections on the thermal,
material, and structural parameters, and serve as a guide to first order

estimates or steady state thermal deflections in RATIO structures.
2.0 THERMAL GRADIENT

The temperature change, AT, across the length of structural volume, Ax, in

Fig. 2 can be approximated by,
AT = I A &, (ax)/x A, (1)

where,
‘c’ ttz. is the average structural projected area (i.e. illuminated by
the sun) in the volume, 2L dl(Ax)
Ao' ftz, the conductive cross-section through the construction material
in the direction of the heat flow,
‘1' aggregate solar absorptivity,
I, Btu/ftz, incident solar radiation,
k, Btu-ft/ftz'r, coefficient of thermal conductivity.
Assuming (froi Lambert's law) that the effective radiation received by
a surface is broportional to the square of cosine of the angle between the

incident radiation and the surface, the average projected length of a truss

member is,

w/2

2
Loy = (2L /%) j‘o cos” 9d@ = Lo/2 (2)
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where,

L° is the length of a truss member.
The ratio of the volume to average projected area of the construction

material for a tubular truss structure is, using Eq. 2,
2 2
V/A = (n/4) L T[4 - (4 - 2k,d ) ]/(Lodolz) = 2nk, (1 - k,) d_, (3)
where,
do is the outside diameter of the tubular truss member,

k, is the ratio of tube wall thickness to tube outside diameter,

2
Vc is the volume of the construction material,
From Fig. 2, assuming an exponential extinction of solar radiation through

the structure,

I =1 exp. [(x/dl) log kl]. (4)

Also, since the conductive path is in the direction of dl' and there
are three orthogonal directions for heat flow, assume,

A, vcr/sdl, (5)

and from Eq. (3) take,

Ac = xver/dldozn kz (1 - kz), (6)
where,
ch is the total volume of the construction material.

Substituting Eq. 4, 5 and 6 in Eq. 1 and performing the integration,

the temperature drop between x = o and x is,

Tl -T, = [JIoaldf/awk k, (l-kz) d° logzkll {e exp. [x/dl) log kll

r(x/dl) log k, -1] + 1}, (?)
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"',iV'vhera, _”

and between x = O and x = dl

T,-T, :[31. /ankku-k)d 10325]{5(“;5-1)*1}

It ia evidelt !’ra- Eq‘. .? nnd 8 that. tlxe ther-nl mﬂient -ill 1ucrcm tith

. i, lnﬂhincreasing valuen ot di

f that kl i- 1ndependent of dl or the ratin

deerening_ valnn o

In thc abov. it was ~fWWT

of the volume of the constrwction utaritl v T’ to the volv.-u occupied by

structure, V.T. If this asamption ia not to be mde, and if the overlaps

in elements of the area A are taknn to be proportxonnl to x then.

1 -k = (A2 ] K ,“1/‘?,’;‘*5. don e A o

ks 1‘ & proportxonlity cmtnt indicating t,he degr« of mrerlq

in ele-ents ot A .

AcT is the total ‘e’
Substituting Eq. 6 in Eq. 9, for x = d,,
ky =1 - (v, s'r’ k3 k /2 k, (1 - k),  Q0)
where, e | - o
Ky = /L.

From Eqs. 10, 7 and 8 it is seen that the ratio ch/ch has a complex

effect on the thermal gradienta.
3.0 INDUCED DISTORTIONS

The flexural distortion of a beam c§n be deacribed by,




+d, /2
(E1,) dg/dL - 1 d,EBT(x) xdx, (11)
-d_ /2

1
y is the beam deflection,
E is the modulus of elasticity of the construction material,
Il is the section moment of inertia of the truss memhers,
B is the linear coefficient of thermal expansion,
I. and x are defined in Fig. 2.
From Eq. 7 take,
T(x) = [3 I,a,df/znk ko(1 = ke)d, logzkll { o exp.
llog ky(x+d;/2)/4,] [1og k (x + 4;/2)/d1- 11 + 1} . (12)

The moment of inertia I, can be approximated by,
I, « (1/12) (A _/4,) O - (1/12)A a2 (13)
1 o/ 17 "1 ol °

Substituting Fqs. 5, 12, and 13 in Eq. 11, performing the integration and
simplifying,

ydo/Ls - [v.T/ch1 (27 Ia,B kilzTTk k, (1 - k2) ] [kl(o.s ;ogzkl

-2 log2k1+ 3)/log4kl - (1og4k1 + 3)/log4kl 1, (14)

where,

kl is defined by Eq. 10.

In Eq. 14 V_./V . may be considered the independent variable. The
sT/ "eT
quantity in the second bracket is based on the solar, structural, and

material constants. The quantity in the third bracket is a function of

vsT/ch and the constants.




'!'hc ilcrcm in structural defiectiom, y, wita V 1‘/' r is due prinfuy_

- te’ tno reduetion in the mtion -o-cat of inortia. Xl, 'itn imcuun‘

S ‘.l./V e!' (ma l. m d are uu contnnt). ‘l'h. quntity 1. m tnird br-ekct

ot Iq. u vld.cn accuam 'itl ? a" o dininima mq uf!cct a ’. uonnr.”ff_ |

it i- etti-td tut this dl!illillil‘ effcct -ny not be -utficient. !q. 14
is therefore tcntntive. : | ‘

For the conditiou that,

0 < [vcrﬁ"sﬂa 2, (1 - kz)] < 0.3, (15)
and,
v , | » _
=T 10, : Rl o -(18)
S L : :

Eq. 14 wita k, (from Eq. 10) substituted into it, can be approximated by,

o 3 . i 2 G
y do/L’ = ['.r”cr] [»27 IaB k/2% k,(1 - 32)]

{0.042 - 0.059 h’.—.r“;“a"'-r"’ K,(1 - kz)]} . (17)

The doflectiml yarmter, yd, /L s from Eq. 17 ia plotted as a fulctinn :
of V /V in Fig. 3 tor tm following assumed structural and ut.rinl cm« —

3 s aie?

BTU/in>-sec.,

k = 0.002 m-in./ing—°ﬁ'—dcc. (for aluminum),

12.3 x 10"'i in./ing-"r (for aluminum),

k = 007'
k' b 0‘1' .
a, = 0,02,
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It is Qvidcnt from Fig. 2 that for a ;ivcn L aad d the deflectiou-

: 1ncr¢.lc witn V‘T/th .nd k

-/ e-r’ osmsuc mma el

To obt-xn a tirst order estimate at the effects of (V T/Vcr) on the
elastic rxgidity of t&e structure in Fig. 1, assume that attitude coatrol
actuators, having a mass M,, are attached at both ends. Assume for this

example that the mass of the structure is included in the mass of tnhe

actuatorc, then the maximum deflectxon, Y -® in the structure due to a total

nyplled moment ! is,
ER A = (0.021). Lz')laflll-:

" where (as previously defined)

2L is the structure length
E is the modulus of elasticity
I1 is the section moment of inertia.

Since L = 2M L?i ('here ¥ is the angular'acceieration;ahdut tne center of

-a-- of the utructure and uctuators), and taklng I = (1/12) d (V T/V T

ylgosnw(v‘r/vd)/x ‘e

It is evident that the deflection, Y., increases at least linearly with

vsT/ch°




The tendency for Y to increase with V T/V is also estimated for con-
m 8 cT

figuration in which four or six actuators are distributed along the length of
the structure.

The structural properties for minimizing thermal distortions will,
therefore, also serve to minimize load deflections.
2 = 1/2, "A =1 lb.Qsec?/in.. E = 107 psi,
and do/L3 = l()"6 in., the thermal and load deflections are equal when W = 280

In the example of Fig. 2, for k

-

rad/secg Such large angular accelerations are not likely, (W = 1 or 0.1
2
rad./sec. is more likely) therefore, the thermal distortions will tend to

swamp the load deflections,

4.0 DEPENDENCE OF ch/vsT.ON THE SUBDIVISION OF A STRUCTURAL VOLUME

In Eqs. 14 and 17 ch/v-T and k2 can be chosen independently. However, the

number of subdivisions in the structural volume as well as the length-to-

radius-of-gyration ratios of the truss members are affected by these choices.
If it is assumed that the structural volume in Fig. 1 is subidvided into

a square lattice truss network such that the ratio of the lengths of the

vertical to the lengths of the horizontal truss members if proportional to

2 L/d1 then the total number of vertical truss members in the structural

volume is,

n, = (n’+ 1) n’, (18)

and the number of horizontal truss members is,

n = 2(!1' + 1)2

2 n’, (19)

n’ is the number of times each side of the structural volume is sub-
divided.,

|
|
where, i
|
|
B-11 }
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If the length-to-radius-of-gyration ratios k. for the vertical and

nbrizoutgl_tfﬁ§' (tuhn1ar3‘-e-hara are the'sa-e,'

ke

| yss oy e g G e i
e e T i L

e andi.o, ire the outside diametér and lengts of tas vertical truss
| do1 and_Lbl, are the ou;jidcldia-gter and length of the norizont;l‘J
trusg -c-hersq  |
AU-ipg,. -
vvct = (n/4) Lo(af - (do - 2 doﬁz)alyhi;
R N e S

VgV oy = lan/g ) [k, (1 - k,)/(1 - 2k

D g
2+2k2? 3}

[¢a’ + 1)2/(n’)2} [(BL3 + zai)/z Ldll. ' (22)

S : ' ., 2 2, .3 3,32 . | oy it
(vcx/v'r) .,(n/@) K, (1 - 32115 « )7 d_ t(GL‘<f:d1)/L,§lj,‘   ~j»—(a3)it;fvw

k;“er" s L B _ ‘
k, ;. tié lé;;ii-ré-r#dius;ofjgyrntion'ratio tor't;e.trﬁs. ie-befcygnd
L and 4, are defined in Fig. I. | 1 | |
Eq.‘23 indicates that for a given ky, L, d,, an& d_, vsT/ch decreases
with increasing m’. From Eq. 14 or Fig. 2 it follows, that incréa-ing n’
jresult: in smaller thermal deflections. The structural coaplexity'of a

large number of small truss members can, therefore, be traded for reduced

Bk e e




thermal distortions and increased structural weight (i.e. decreased vsT/ch)'

Ultimately, the finer the mesh of a wire (non-tubular) structure, the smaller

the thermal distortions, and the greater the structural weight,

5.0 INTERPRETATION OF RESULTS

Based on the above it appears that the thermal distortions of a structure,

whose volume is occupied by an approximately uniform sgquare lattice

(aggregate-macroscopic) tubular truss system, are reduced by:

(1)
(2)

(3)

(4)

(5)

(6)

(7)

The

Increasing the tube wall-thickness-to-outside-diameter ratio k2,
Increasing the ratio of the volume of structural material to
structure volume, ch/vsT'
Decreas;ng the lengtn-to—radius-of—gyration ratio for the truss
members,

Reducing the leﬁgtn of the structure or increasing its thickness

in the direction of the incident solar energy,

Decreasing the aggregate solar absorptivity, a;, of the coating
material,

Decreasing the ratio of the linear coefficient of thermal expansion
to the coefficient of thermal conductivity, B/k, for the struc-
tural material. (B/k = 20.0 x 10—3 for hard steel, 10.0 x 10‘3 for
soft steel, 6.1 x 1072 for aluminum, 2.2 x 10°3 for copper),
Increase the number and decrease the size of the truss members

occupying the structural volume,

above deductions based on the following assumptions.



.

ke

Future efforts will ‘be directed toward:
{ 1) The reradxatzon -;tnin tm -tractnre mu been neglected.
Only tubular sectxom Mvc been considered.

‘l'ue buing of individual trnsa -e:bars dua to thcml gradients in

uﬂnrn lus been neglected.
(4) The sa-e strnctnral uterinl and surtace coatlng was assumed tor

all nenber: in the -tructural volu.e.




. APPENDIX C - SIMPLE BEAM APPROACH

(By P. Slysh)

In Section III a planar model of a RATIO antenna is analyzed.
This model includes a non-uniform contour, that approximates a
circular aperture, and locations for actuator and feed masses at
distributed points on the antenna structure. It is assumed now
that the contour is made square and the number of actuators is
increased such that for 0-A axis rotation the actuator at each
structural junction (depending on the actuator distribution case)
is accompanied by actuators at each of the other junctions that lie
in a line parallel to the 0-A axis. If only O-A axis rotation is
considered, and the structure is tapered only in the plane perpen-
dicular to the O-A axis, it is possible, because of the structural
and loading symmetry, to limit the_defleétion analysis to one
characteristic beam lying perpendicular to the rotation axis. The
results of this analysis are characteristic of the entire structure.

The investigation of this model leads to an essentially closed
form solution for the rms surface deviations (d). If model and
loading-condition simplifications are justifiable and the dis-
crepancies in the performance results are tolergble it is possible
to use this closed form solution for variéus optimizations. These
may include the determination of optimum structural taper for a
given actuator distribution case, or the optimum structural mass
fraction (ks) for a given taper. Comperable optimizations on the
planar model requires an iterative computational procedure.

The notations in Section III 3.1 are used in the following

analysis.



STRUCTUAL, MASS AND INERTIAL FROPERTIES.

- Ia the plannr -odcl the ratlo of the lengths of all the

totnl hea- lengtha are taken as the load carryxng ne-hers.,,f
aodel ihich»results in.the same structural mass per unit of
load-carrying beam length in the planar model is, therefore,

computed from

L Czat iz el UL s (5L,

or’

Li = L/1.07.

n' is the maximum number of beam lengths sections in a
half bea-«iéﬁsth;~’(aﬁ = 8 in this case.)

Therefore, the mass of the simple beam,

The mass of the simple beam is also given by

. n‘ L
ﬂs = (2/k52) j{ om
‘ ~Jdo

vstrnctural neubera to the ‘area ot the reflect:ag surfnce As

fﬁ?br thn ohs,axns rotatiOn half of the

‘width of the reflector surface area,iLl, on the simple bean '

=2nLl K144 g = 1.86 K n' L2144 g,

2

)

:1 (2);va?

(3)




where the load carrying mass per unit of beam length m = Pg A,

and x is the distance from the neutral axis.

where

and

From Eq. (11) in Section III

: % |
A= (l/ko)(W/B) 12 Io (t/w) (1 - j x )%, (4)
i=Q - Il/lo)/n' L

I=1 (1,— Jx). (s)

Using Eq. (4) in Eq. (3) and performing the integration,
Mg = -(4/3 kéz) Pg (1/k°)(wyn)[12 I
¥%
(t/w{] {gl - jn L)3/2 -;l . (6)

Eliminating Mg and solving for I_ from Eqs. (6) and (2),

I, = (1.86 j n' L2 k!

2
$2 K ko) /12 (t/wW)

(1.33 pg 144 5)2 (W/n)2 (1 - jn L)3/2 -1)2, (7)



and using Eq. (7) in Eq. (4),
2

e Sy .: . ys A= 1 as ; a'L !k‘ (1 - x ) /1 33

(1ea g)[(l -in 1.)"”"2 ].

The mass no-ent of 1nertx- of the antenna, u;cludxag the

structure and on-board masses, is given by,

e L
nr = ot e ax s ogm a2

" where

no is the total number of actuators

n‘m is the coordlnate desxgnatxon for the locatxon of

, the actnatnr or actuators (note tke max. ‘n ( n' )

G % ...vq‘f‘ are 1 or 0 and depend on the actuator

distribution case.

(9)

i
3
2
<
]
2
3
;
g
e
&




By analogy with the case definitions in Section III:

-]

case U % % % % % Y % % e
1 0 ) 0 o o o o o. 1 o
2 o 1 0 o o o o 0 2 2
3 o o o 1 o 0 0 0 2 4
4 0 1 0 1 0 o 0 0 4 2
Note that,

nogqo"z'(ql*qz".-- qn )o
00

‘Thekintegral term in Eq. (9) is the inertia of the antenna

Structure, the other term is the inertia of the actuator-feed

system.
BEAM DEFLECTIONS.
The rate of change in slope of the beam deflection y is

given by,

1Ea° y/d x% = the sum of the torques due to:
(1) the structural reaction forces
(2) the torques generatéd by the actuators
(3) the reaction forces due to the actuator

masses

(10)



Using the I from Eq. (3), and the mass ‘momemt of inertia

© from Eq. (9), in Eq. (10),

L n'i- R ' o '
‘S Cm o x®ax

-('r/ng)[qo u (0); +q u (0-1) + q, u (0-2) + ... quoo
u (O-no;)]'ar 'a‘_.(L Hs kir/uo) {(L—x) q, v (0-1) + (2L - x)

n

2 q, u (0-2) + ... ¢ (n L - x) LK q o

" u ‘(o-‘n’“)’], Can




Performing the integrations indicated in Eq. (11), making
use of the boundry conditions (dy/dx) = 0 and y = 0 at x = O,

and factoring out the terms used to normalize d in Section III,
(E k/a, p2 6%) y ={ 0.061 (t/mow/m)Z (1 - §nr 32 _1)/
n' L2 (kéz)z k‘: j‘][-e.a'? (1/3%) (1 - 3 x )32 _1) 1.9
/3% (- 3072 ) - 1. /)] +{[(5.05) 10° (t/w)

2 ., 1372 2,., 12 2 w2 .3
w82 (1 - j o L)Y “1)7/(kg, )" (k)" n ()% j ]
[(4.72) 1077 (8 + 2 jon' L+ 15 3'2 n)2 L3 - jn L)3/2
-B)/:j2 ((1 - j n L)3/2 -1) + (3.35) 10°° (kiF/no)(ql + 4
q, + 9 9z + ... nio q )][qo u (0) + q u (0-1) + q, u
00
(0-2) + e +qn°° u (O—noa)] -0.061 (1 - j n' L)3/2 (8 + 12

in' L+ 15 ;2

t
G

Lol
~

()% %) (/0 (wm?/;° n'} [x 106 (1

- x - (1/j) log (1 - j x)]-[4.23 (t/w) (W/B)2 ke (1 - jn

L)3/2 _1)2/“:. kgz a_ n' 32][ q; u (0-1) [(L/j)-(l/jz)]{



[(x log (1 - j x) - x- (lij) "ll:og-“ (1 _f- 3 x_))} #12/2 J}

(0—2){(21‘14/3) (1/32)]{“_ (1 log (1 - J x) -vx -bj: S

sy e - _;,5 ] ,é,; } ey (o.; o
‘i'.;o p/j)-(~§/32) (x log (1 - x) - x - (1/§) log
- ) /2 5 | - 3 (12)
7/2

-1) +« C

c(u-,x)’-n+c((1-;x) s

x + C4[x l‘og;(l - j x) - kx - (1/3) log (1 - ‘j x)]f csﬁ

Z ; o;ﬁn- - (Oan ){‘:(n l./;) - (1/5 )]
—_

[ 1°‘ u B 3 EEEE u/;) log (1 -3 x)} /2 aﬂ us;

In Eq. (13) the constants C, to C, are a function of the
structural and loading condition par‘aneters‘ E, K, a,, p’g, «32,

- (t/w), (u/B), j, n', L, k, kS?. kiF’ n,n ,q, and u().




3.0

Eq. (12) or (13) is the closed form solution for the beam
deflection y at any position x. This solution, unlike that for
the planar model in Section III, is based on a distributed
spring-mass system for the structure. Lumped constants are
only used for the actuator-feed masses.

WEIGHTED RMS DEFLECTIONS.

The weighted rms deflection is determined from
a" L

d = (‘S y2 d x)*/(n" L.
o

Where n"_is the number of beam length sections in a half
beam length that correspond to the nog in the unit step
functions u (). When no step function multiplies an integrand
term n" = n'., Therefore, the limits of integration for each
integrand term in Eq. (14) depends on U () and the presence or
non-presence of u () in the integrand terms.

To reduce the complexity of the integration of Eq. (14)
the following simplifications are made for some of the terms

in the expression for y from Egs. (12) or (13).

5/2 ., 4

((1 - j x) 1)

7/2 _

1>

((1 - j x) 1)

(14)

(15A)

(15B)



x log x - x - (1/]) 15;‘ (1 -3 x)‘e'

2

"'%j X .

Bsiag the above s:.plexcatlons and the folloulng

,mter nlm, uhiek c0rreapond to La;dzng

. (150)

'.'condit;aau 1i 2, s, and 8 in Sectinu 111 4.1f the nor-alzzmd;“f“

‘y in Eq. (lﬁ),“ is coaputed Iron Eq. (12).
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k = 0.9
: ] .

L = 300

1) - 0

0.01

0.14

= (2.59) 1074

Unifor- illumination

Actuator distribution case 1,2,3,4
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(X E/a, pg £2) y = (3.5) 10

-11.51 u (0)
0.85 u (0-2)

0.93 u (0-4)

0.43 u (0-2) + u (0”‘)4

7

10

x + (0.23) 10% x

(16)

The terms in the large brackets of Eq. (15) correspond

to actuator distribution cases 1,2,3,4.

Using Eq. (16) in Eq. (14) and performing the integration,

2,2 .2
(x E/«A P &

) d

+ (4.31) 10° L4

-T o 7 10¥2.3
1.72
'18.80
9.36
2 2
(K E/a, Pg g ) d =

| 52.1

= (2.63) 10!

54.5 |
54.0

m.4

C-11

| 13.64_

6

-13.30

105.00

10

L2 + (2.07) 10}

10

3 L3

(17)

(18)



For the sa-é_nunericai paréneter values the corresponding

‘rﬂ;vhiués'of‘the'ndrl&iized%d froy‘Sectibnflli Fig. 32 are

29 | , - (19)
The trends in d values in going from case 1 to case 4
V are the sape»for (18)'an3'(19) hoievérﬁfheré is as nuch.aé a

+ 300% dlscrepancy.xn the values. Tbls dxscrepancy is ac~

“”Tlcountsd‘fi by {1 tha'ﬁgn~equ1valence of the 31aple bea- ead

'planar uodeis,v(2§ the Slnpllflcatlons in qu. {ISA) (153)9,
(ISC), (3} the use:of lugped'constant parameters for the planaf
model vs, distributed constant para-éters for the simple beam
wmodel, (4) i#en drawing an equivalency between the simple and
planar models the assumptlon that haif of the total bean lengths
in the planar nodei are responsxbie for carryxng the load (5)
',,th¢ assunptlon that the aetuators in the planar -odel are dls-'
'Atrlbated aioﬂg Ixnes parallel to ‘the. OA axls, dnd (6} the use
“of a Square contour refLector fer the pianar model in dra-xng

the comparison with the simple beam model.

ez

B

i

|
:‘k_d
:
T
§

|
1
1
}



CONCLUSIONS.
It appears that a simple beam model does not yield results

that Qre‘conpatible with the planar model. A discrepancy of

,,ivsooxfhas4sho?éd,up for one case. ,The‘discrépancy may be still

greater for other cases.

Exceft'fbr the use of distributed constant parameters all
other assumptions made in arriving at the simple beam model tend
to make the simple beam model a less accurate and less versatile

representation than the planar model of the actual configuration.
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APPENDIX D - SIMPLE STRUCTURAL-BEAM APERTURE

(By P. Slysh, checked by G. A. Burns)

The structural and radiation properties of a simple, planar-beam aperture is
analyzed in this appendix. |
" Consider the aperturé, shown in Fig. D-1, to be driven at a constant

angular acceleration a, about an axis perpendicular to the paper at point O.
Two configurations of imertial actuators (i.e., reaction-flywheels) are
assumed:

Configuration 1: A single actuator with a mass Ho located at point O.

Configuration 2: Two actuators each with a mass Hol/2 located at

points 1 and 2.,

The deflection, y, when x 2 0, for Configuration 1 is,
y = (aI-/EI) (xgxz/ﬁ - xixsllz + 15/120)}. (1)
and for Configuration 2:

(EI/al) y = xz(-x:/G + Molxi/4) - xs(nxi/lz - H°1/12) + nx5/120, (2)

where m is the mass per unit length of the beam, E the modulus of elasticity,
I the beam section modulus, and "ol the mass of the two actuators imn Con-
figuration 2,

Neglecting the x5 terms, qu. (1) and (2) are, for x > O,

2 3
y = B;x" + B,x", (1a)

2
=B B
Y= 210° * P20 (2a)

and for x < O,

2 3
y = -B;x" + Bx", (1b)
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Fig. D-1 Structural beam-aperture model
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2 3
y = -B, x" + B, x", (2b)
where,
B, = a mx /6EI
17 "1 ’
B, = -B,/2,
820 = -(1 + Mo/xol)/(Z + 3 Hollxon) x .

The radiation pattern in the plane of the paper may be expressed

(approximately) as,

1 ; ‘ .
glu) «+ (xo/z) I f(x) exp (jux - Jy) dx, (3)
-1

where,
u = (ﬂxo/l) 8in 0,

A is the wavelength, 0 is the direction to a point in the field at which
g(u) is the radiation intensity, and f(x) is an aperture illumination func-
tion, that is, f(x) describes the amplitude of the illumination in the

aperture as a function of x.

Substituting Eqs. (la) and (1b) into Eq. (3),

(w) (/z)flr() i ( B,x> - B_.x%) d
gu:xo o xexp:lux- lx-zx > ¢

(x_/2) fo (x) ( B x* - B_x°) d (4)
+ x°/ " f(x) exp j‘ux + Byx” - B,x X
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Expanding the exp(-jy) term,

n
1
glu) =:(x°/2) z: ((-j)‘/_!) Jo (lez + Bzxs)-t(x)(exp jux) dx
m=0

. n E : «.o
+ (x /2) E: ((-j).y;!) I-i (-lez + Bzx3).r(x)(eip jux) dx, (5)
m=0

where m = O, 1, 2, . . . n. Integritin;, expanding and rearranging the first
three terms (i.e., m = 0, 1, 2) of Eq. (5) for f(x) = 1, that is, for con-
stant illumination across the aperture, am approximate expression for g(u) is

obtained as

g(u)/x° = j(?l/h + 281/n2 - 2nl/u3) cos u + j(Bllu - 281/u2 - 281/u3)

j(znl/n") R [(-n1 - 28B,)/u - (ssf + 20B.B, + 123‘,:; . 281)/\12

+

+ 24032)/!14 - (480B.B

3 2
+ (?.B1 + 1232)/u + (48B7 + 240B_B 1B2

1 172

+

1&4032)/u6)] cos u - [(-2 + B+ 282 + 4B_.B_ + ZB:)/u

1 1 12
2 2 2 3 4
- (532 + Zﬂl)/u - (231 + 2431 + 805132 + 6052)/u + 1232/0
+ (483§ + 4808182 + 72002)/!:5 - 144032/07] sin u - Blln3
+ 480B_B_/u® (6)
12 °

Using Eq. (6), typical power patterns, p(u) = (g(u))z, are estimated in
Fig. D-2. It is seen that the structural deformations (i.e., for B, =1 and

82 = =1/2) result in a shift in the position of the main lobe of the radiation




p(u), db down from peak

Fig. D=2 Normalized power pattern
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pattern when compared with the static, non-loaded case (B, = 82 = 0). Also,

1
as expected, the side lobes increase and the nulls are minimized.

The radiation pattern for Configuration 2 can be drawn for comparable
operating conditions, such as for the same a,, or the same total beam and

actuator mass. In the latter case, the‘torqnt/-ass constant, kl' of the

actuator would enter into the problem formulation such that,

2 -1
("ol/"b) = (1 - 2alx°/k1) > 1, (7)

where Mo is the mass of the actuator in Configuration 1.

The influences of Bl' Bz, kl’ a, A, etc. on the shifting of the main
lobe, degradation of the side lobes etc. should be studied. These influences
are extremely co.ﬁlex and it apﬁears that even for the chosen example, they
can only be stuaied through numerical (parametric) examples.

VIt is evident that, in spite of the simple two dimensional model of
Fig. D-1, the simplifications in Eqs. (1), (2), and (3), the idealization
f(x) = 1, and the approximations that m = O, 1, 2, the expression for p(u) is
nevertheless unwieldy.. In the computer simulations partly developed in this

study, none of these idealizations and simplifications are made and the

DR

numerical solutions for the structural d&(}qgﬁtyﬂ:gﬂﬂ“radihfion patterns are

-

a great deal less approximate.
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APPENDIX E - MEASUREMENT OF "RATIO" APERTURE DISTORTIONS

(By P. Slysh)

In an operational RATIO antenna it may be desirable to implement a system

for measuring the coordinate, linear and angular distortions, u, at discrete

, poipts ép the reflector 'ith respeét tb a refergnge coordinate system. Such
-easurenenta.uere; in part, piann&d for the 600 foot radioitelescope that was
being built at Sugar Grove, West Virginia. For RATIO antennas, in which
structural compliances are likely to be large, such measurements would be
useful for much smaller dish sizes. This appendix considers the problems of
and suggests one approach to implementing these measurements on RATIO anten-
nas.

Reflector distortions may be determined by direct measurements between
given’péints on the ;etlectof surface and a’-echanical referehce axis.
Alternately, sequehtial measurements may be made between successive points on
the reflector surface, the first of which measurements would be with respect
to the reference.

Since the measurement errors, as well as the gaging equipment complexity
and weight, are estimated to increase with the distance over which the mea-
surements are made, it follows that for a given accuracy the sequential mea-
surement approach results in less equipment complexity and weight. However,
it is believed that the sequehtial measurements will require on-board data
processing (or the equivalent) to convert the equipment readouts into the u
distortions.

Possible gaging equipment or transducer techniques for implementing
the sequential gaging system include: (1) autocollimators and reflecting
mirrors located at distributed structural junctiong; the linear displace-
ments normal to the line of sight between the autocollimators and mirrors,
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as well as the angular displacements about these normals, may be determined
automatically and used to co-pute the distortions, u; (2) strain gage
deployed to sample structural strains from which the distortions may be
computed; and (3) optical or infrg—red ranging methods. A

An aut@éélli-@tér approach ié probably the Qi-plest, and most reliable.
A description of one such approach is started by considering a straight

line, in Figure E-1, along which the linear deflections u,, u e « o+, and

20
the anguiar defléctipns Uigr Ugye - - ey are to be determined.
The collimators, located at points 1, 2, 3, . . ., generate in-line,
tandem IR beams that illuminate detectors om either side of each collimator.
(The detectors are also located at points 1, 2, 3, . . .) The response
from a detector at a typical point '"b" due to collimator at an adjacent
point "a" ig perortional to the displacement -ab',

If u « « o4 the angular deflections in the plane of the

or1* %11, Yor°

paper at points O, 1, 2, 3, . . ., are taken as positive for counter clock-

wigse rotations, then,

hug) = mp) + Yy

hull =--1°+ u, = -12 + u2 - ul,

h“21 =-21- “1 + ilz = .23 + u3 bt u2'

hugy = "@3p ~ Uy + Uy BT S F

Bugy = 43 - U3 + Uy = Mgt Uy - Uy

If Uy =Yg = O it is evident that a solution for Ugq Uyps Ugge oo oy
and Uj, Uy, Ugy o o ., can be obtained from these equations.

Now consider the application of the above method to the measurement of
displacements at the grid junctions shown in Figure E-2. The displacement
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FIGURE E-1 Instrumentation of nodal deflections
along a straight line
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FIGURE E-2 Structural grid.




meagurements are to be made normal to the plane of the grid.

Taking the u, = ¥y

the displacements along x = O can be determined. If x =0, y = l is now

=0 at x =y = O as a reference, it follows that

taken as a new reference the displacements along y = 1 may be determined,
etc. |

The above method can be extended to measuring displacements normal to
a paraboloidal surface. With these measurements it is possible to develop
an aperture calibration function that describes the orientation of the main
lobe of the radiation pattern as a function of the aperture distortions.

It is noted that the measurement accuracy is best at the center of the
aperture if the main reference is taken at the apex. This is consistent
‘with the performance features of typical antennas in 'hich the errors at the
center of the aperture have the greatest effect on aperture pérfor-ance.

An adaptive multiple-feed system may be competitive with the described
gaging method as a means for obtaining a continuous aperture calibration.
The adaptive system wmay typically divide the received r-f radiation into
separate channels. The phases and amplitudes at the channel outputs can
then be compared (with sum and difference networks) to determine the loca-
tion of the peak in the main lobe. Preliminary considerations indicate
that aperture gaging methods are likely to yield greater main-lobe pointing

accuracies than adaptive feed systems.
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 APPENDIX F - CONTROL SYSTEM CONSIDERATIONS

(By P. Slysh)

1.0 INTRODUCTION

The following is an outline of an approach to the atudy ovaATIO control
éystéas. Tﬁis approach is considered in this appendix to clarify Aspects
of RATIO control system problems.

It is to be assumed in this appendix that the control aystem only
induces a single, fundamental flexural mode in the structure. This
assumption makes it possible to develop manageable relationships between
the applied torque and the separation between r-f and mechanical axes. The
following is an outline of some of the salient control system features

that can result from this assumption.

2.0 CONTROL AXEs

The r-f axis is typically defined by the orientation of the main lobe
of the radiation pattern, and the reference axis may be established by an
astronertial platform. If the mechanical axis of the antenna is taken as
a line passing through the apex and focal point, themn the displacement
between the r-f and mechanical axes may be defined by the matrix-vector

relationship (see Figure F-1),
(e, - (0,) = (£, Llul), (1)

where, u is the generalized displacement, Qith respect to the mechanical
axis, at the structural junctions. This displacment consists of three
linear and three angular orthogonal displacements that in effect describe
the departure of the reflector surface from that of a true paraboloid.

It follows from Eq. (1) that the structural compliances that give rise
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FIGURE F-1 Control axes
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to (u) are in effect responsible for a compliance between the r-f and me-
chanical axis. When the expected displacements between the r-f and mechani-
cal axes are large compared to the required pointing accuracy, as will be
assumed here, then the compliances are critical factors in thg performance
of the control system.

The displacements (u) may be caused by manufacturing and assembly
tolerances, thermal stresses, structural deflections due to actuator re-
actions, and creep in the structural material. Only structural deflections
due to actuator reactions are considered here.

An extension of the work under the current study contract NAS7-228, is
applicable to the evaluation of (f [u]). This work is also directly
appllcable to the evaluation of (u) if the displacements are caused by
steady state éctuator torques and structural reactions. Account is taken
only of the dynamics of the structural deflections due to the actuator
reactions.

If the astronertial platform is mounted at of near the apex or focus,
such that the compliances between the platform mount and the mechanical
axis are negligible, then the instrumentation of the data take-off (90)

- (92), (in Figure F-1), may include automatic boresighting between the
apex and focus, and a resolver train to generate the coordinate angles

between the boresight and reference axes. It is also possible to determine
- (9, = u’
(®)) - 0,) = (£, [u'D), (2)
where u’ is the generalized coordinate displacement or motion at the

structural junctions with respect to the reference axis (i.e. inertial

space).




A possible method for instrumenting the measurement of (u) is described
in Appendix E.
Because of the availability of the (90) - (92) data takeoff, a trans-
formation,
@)= @, (3)
may be generated. (T) is a matrix for transfor-ing the displacements u tc
u’ (i.e. from a body fixed reference to an inertially fixed reference.)

From Egs. (1) to ((3),

(®,) - (62)) (f1 (u]) « (f2 (M, (4)

or

((8)) - (®,)) = 1, Lem ] . (r, [u’'D). (s)

It is evident that the instrumentation of ((91) - (92)) is possiblé through
the instrumentation of ((90) - (92)) and ((90) - (91)). The vector

((91) - (92)) is the variable to be controlled. By analogy with the above,
if the displacement rates in (u) and (u’) are obtained by differentiating

the outputs of displacement sensors,
((91) - (62)) = (f3 (ul]) « (f4 E(Tl)(u D, (6)

and, if inertial rate sensors are used, in which case & and the displace-
ment rates in (T) are sensed directly, then,

. . -1,+, ® 79
((91) - (62)) = (f3 [(Tl) (u’)] )+ (f4[[u i). (7)

Eqs. (5) and (6) indicate that the displacement rates between the r-f and
references axes can be obtained by instrumenting a transiformation between
the mechanical-axis and reference-axis coordinate system and by sensing
the relative (with respect to the mechanical axis) or absolute (with

respect to the reference axis) displacement rateas at the structural junctions.
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3.0 CONTROL SYSTEM DESCRIPTION

Neglecting structural damping, the coordinate forces and torques, P,
at the structural junctions (in Figure F-1) can be expressed in matrix
forms

AP) = (K)(w) + (M) ('), | . (8)

where (K) and (M) are the displacement and mass matrices for the antenna
structure.

If position and velocity feedback loops are used between the r-f and

reference axes then (P) is also given by,

(P) = {((el) - (92))i - ((e)) - (92))03(61)

+ [((91) - (92))i - ((91) - (62))03(62), (9)

yherebthé subgcripts i and o refer to the input and output respectively,

and (Gl) and (Gz) are the feedback and controller gain (matrix) functions.

Thus the collection of forces and torques, (P), as caused by struc-
tural spring and inertial forces, are nominally equal to the amplified,
actuating (velocity and position) error functions.

Equating Eqs. (8) and (9), and using Eqs. (3), (5), and (6),
-1 '
(((el) - ,)), - (£ () " u'D} (G,)
- F' -1 LAY il 2
+ {((el) - 8,0, - (1, )™ ) - (r,[u’D} (6,)
=) W)+ K (M ). (10)

A block diagram of the system described by Eq. (1)) is shown in
Figure F-2. In addition to the feedback of ((91) - (92)) and ((61) - (62))

subsidiary feedback loops for ((90) - (92)), and ((90) - (91) may be
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((91)-(92))ik
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FIGURE F-2 Dpiagram of attitude control system
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considered.
The control system is to primarily function in a position control mode.
However, the performance of the control system in slewing, tracking and

slave modes of operation may also be investigated per the above.

4.0 METHOD OF ANALYSIS |

For given inputs, ((8,) - ((8,));, and ((§)) - (,)),, Eq. (10) nomi-
nally represents a set of simultaneous (linear) differential equations
describing u’ and &'. the three linear and three angular displacements and
displacement rates at each structural junction.

Since the structure to be considered may have on the order of a
hundred structural junctions (and each junction has six degrees of freedom)
it is evident that generalized and rigorous solutions for u’ (or u’)
represent A formidable ﬁnderfaking. However, if only the first primary
modes of oscillation are considered then the complexity of the problem is
reduced by at least an order of magnitude.

The computational time constants, as for fl to f4 and the transfor-
mations (T), in Figure F-2, may be considered neglegible compared to ex-
pected system response rates.

With solutions for u’ and u’ it is possible through the procedure
indicated by Eqs. (5) and (7) to determine the controlled variable at the
output, ((91) - (92))0 and ((51) - (52))0. Thus the input-output charac-
teristics can be examined in both the ti-e.and frequency domains.

Externally induced force and thermal fields will act to perturb the

input-output relationship in the control system.
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