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Intreduction . . ;
It is des1red to have the LRRR reﬂector array oriented as nearly
vnormal to the incident laser radlat;on as possﬂ:le in order to achieve a
maximum returned s;gna1.~ Various factors prevent the exact ahgnment,

however, and it is the purpose of this memo to 1dent1£y these fa.ctors,
- the1r or1g1ns, and how they affect the array pomtmg accuracy.

As a general assumptmn, it w111 be con31dered that the array
j‘,az1muth orientation is to be same regardless of landmg site. 'I‘he
_ alternative: to this w111 allow compensation for the landing site latitude and
 would result in shghtly smaller errors than md1cated hc rein,

"Definitioh ofTerms -

, ~ The various factors to be cons1dered in the pomtmg analys:.s cannot
: ‘.;all stnctly be labeled terrors", Some have to do with the geometry of the
earth-moon system and the locatwn of the Apollo landmg sites. For this
__reason the more general expression "terms" will be used to inclide all
~ factors govermng the pomtmg accuracy wh1le the expression "error" will
- be reserved only for those terms which are a funct10n of the expernnent
. de81gn accuracy or astronaut's lunar emplacement functmn accuracy.

Three "erm ‘-are used to express the var1at1ons m pomtmg due to
the earth~moon geometry. ; These are' '

longltude 11brat1on of the moon (+ 7 75 )

. B --‘lat1tude hbratmn of the moon (+ 6 5°)

l"C = earth radms (1°)

The terms A and B dep1ct the apparent mot1on of the center of the
L;earth as viewed from the moon. Since the em1tt1ng laser and receiver
: "»:w111 not be located along a line from the reflector to the center of the earth,
__however, it is necessary to allow an additional angle to cover the actual
earth station locations, In reahty this will probably be a rectangle of
_ about 2° i in long1tude and l° in latltude, but for convenience at this t1me
__entire earth coverage W111 be. assumed, wlnch means an angle of 10 in
. alb d1rect1ons. c
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Landm& Slte Geometry Terms

The Apollo landmg s1tes are~ 1) 340 E, 2° 40' N, 2) 23°, 311 E, 0° 45' N;
3) 1° 20* W, 0° 25! N; 4) 36° 25' W, 3° 30' S; and 5) 410 40' W, 1° 40' N.
The following terms must therefore be con51dered in the pomtmg error
analy51s- f ,

- D,-k-,landiyrfg 'site‘latitude

E ~='_11‘a‘ndin~g"‘site',longitude -

 length of landm fyskltei'n,d‘e; -éées]' .

Smce for th1s analysls no ad;ustment in the reflector array is con-

. ‘s1dered to compensate for the emplacement 1at1tude thxs term must be con31dered
, 1n the error analys:.s. - o ~

: E, the landmg sxte 1ong1tude. is notd ectly conmdered as a pomtmg ‘
~ error since adJustment is prov1ded for this term. However, it comes into

. 'cons1derat1on when assessmg al1gnment errors as will be seen below. -

’I‘he length of the potent1a1 landmg 81tes is very small (m degrees)
and can th" refore be neglected in this analy51s. ~ v

- ‘Mecha’ni‘ca‘l Errors '

, Mechaxncal errors are those errors in. the ahgnment of the mstru-—'
fment itself. Spec1f1ca11y, these are the errors which exist between the
; ahgnment of the reflector array and the bubble and shadow 11ne used by the o
- ',astronaut to level and ahgn the whole expemment ' :

_ Flgure 1 shows the exper1ment conf1gurat1on and the mechamcal .
_error angles. Angles G and H refer to the accuracy of the initial p051t1on1ng
~ of the array relatwe to the bubble and shadow line, while angle Iis the
error mcurred when ad_]ustmg the array to compensate for the landmg '
s1te latltude E. These three errors are defmed as~ j

G = angle between the plane of the bubble and the front
' edge of the array (+ 1°) ‘ - ~
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“H= ‘a.ngle between the front edgei of the array and a line
: normal to a plane through the shadow 1ine~:(+~1°)

= the var1at10n o:f the mclmatmn of the array from the
nommal emplacement long1tude E (+ 1. 50). ,

Angle I mcluded the mlsahgnment of the combmed opt1ca1 axis of the
corners w1th respect to a 11ne normal to the support structure (0 25° max. ).

" Emplacement Errors

The astronaut mtroduces two pomtmg errors durmg the emplacernent
of the expenment. These are:
- J = angle Hetween the plane of the bubble and a plane normal
to the local vertmal defmed as a lme through the center
of mass of the moon (5°) - ‘ -

= the angle between the shadow lme and the true E-W ~,
lme (50) - b :

- ,Coxhbin‘ed;Fa‘ctors, .

o Due to the earth moon geometry and the d1stance of the landmg site
- _from a line connectmg the center of the earth and the lunar center, a slight
_ off-set or "parallax" angle occurs. Therefore, let

L ’= o';'paral-laX"‘ angle

Sum‘mation: of »Errors

, Wxth the exceptmn of C and J all errors  add vectomallyr Smce it
has been decided to give total earth coverage this adds 1° in any d1rect10n. :
'L1keW1se, the levelmg error can be in any d1rect1on.,

. For purposes of de51gn, 1t is desned to know the worst case pomtmg
oaccuracy. That is, when the angle between the 1nc1dent laser radiation and
‘the plane of the array reflectors (8) is ogreatest‘ Flgure 2 shows the var1ous
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terms which add in the 1a‘c1tude and long1tud1na1 d1rect10ns. F'rox‘nkthis, the
.followmg general expression is der1ved '

- 1/2
{(A+I+F) +[B+D+G+K(smE)+H(s1nE)}}

'+C+J

: The te‘rrns K (sin E) and H (sin E) are appfoximate expressions
_related to the misalignment in azimuth of the array. Plainly, if the landing
site is at the sub-earth point (ESO) the rmsahgnment is 1nconsequent1a1.
If the landing site were at the limb (E = 90°) the masahgnment in azimuth
adds directly to the latlt‘ error when con81der1ng an equatona.l emplace-~
_ment, For purposes of t" i,analys:ms sufficient accuracy is obtained by .
consxdermg the angle betwee n the landing site and sub-earth point equal
~ tothe longztude of the landmg site, and that the error thus induced adds
_ solely to the 1at1tude error (whwh is reasonable for small ahgnment ~
errors) . L ; - ~ ‘

. TO fmd t:he maximum value of 6 the terms related to the la.ndmg
- Vs1te must be maX1m1zed ' ‘ . , ;

D + K (sm E) 1 H (s:Ln E)
. Smce K = 5 and H —~l°, the above expressmn becomes
' "+ 6,(sln E) '

‘Tl"iéffollbeingl fable'sder’i\ieé this"'ivalﬁ'e‘fbr ‘each of the ,<1a~:idii;g sites,

D E  sinE__ 6(sinE) D46 (sinE)
6N 00 0560 3% 6o

~ 0.400
0 023““;51
'o 595

.
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_ As is seen, Site No. 44 (360 25! W, 3° 30' S) presents the worst
The worst case value of @ is derived for this sfite-'

e-[(7 75 4+ 1. 5)2+(6 54147, 072 /2 4145

3

=23, 25

Th1s is a worst case analys1s and there is a great probab111ty that a
_ substant1a11y less pointing error will be achieved due to the fact that
not all errors will be maximum and accumulative. A statistical analysis
~ could be undertaken but is far too involved to be included herein, By
. exammatmn, however, it can be stated that it is hJ.ghly probable that

~ © will be less than 15° '

- Observatmns on the Mechamcal Errors f

(I)f mterest is the part that the mechamcal errors play in the value
of 8. For this purpose @ was recomputed from the above expressmn with
the mechamcal errors G, H, and I set equal to zero, Under these cond1t1ons

. _ the value of 0 was found to be 21,13° ora reductxon of 2,120, The signi-

" ‘f1cance of th1s can be determmed by comparmg the expenment performance o
_ at the two values of 9 ‘ ,

The est1mated values of G, H, and Iare 19, 1° and 1. 5 s reSpectwely.
This corresponds toa m1sal1gnment of the reflector array from one end
kto the other with respect to the bubble and shadow line of 0. 35 inch, and an
_error in the latitude compensatmg mechamsm of 0. 312 mch These mechanical

o tolerances are easﬂy achieved, but if it is. necessary to reduce 8, it should

_ be realized that reduct1on of mechamcal tolerances can only prov1de a
: 11m1ted 1mprovement in 8, ~ ~ ‘ ,

‘~ P‘re‘pared" by: il o
‘ o . Cornille
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Introduction

It is a reqmre*nent that no part of the LRRR he in the opncal path
between the reflector array and the laqer/recewen From the general cons=
{izuration of the experiment it is. emdent that only two items pose such a
po*anhal interference. These are the alignment handle and rear support.
Boih of these will lie essentially in a 10ng1tud1na1 dxrectmn w:th respect to
_the moon when the expenment has been emplaced, Consxdermg these facts,

_ the following analysxs derives the allowable subtended angles of the ahgnment
' handle and rear supportar ‘ ~ -

Artalysm

EATM-S r»re‘:ents an analy is of the potentxal vanatmn of the laser/
‘ rerewer poqxtmn fromn the optical renterline of the arraya From thxs, ‘the
imcmzmum var:atwa i \he lonvltuomal curecuon is seen to be -

. _A 4 I F - Ot 3'

whers” A= longnud ubratmn of thp raoon {(+ 7 7‘3°)

1 ;= fhe var mtmrx of tm- mrlmatmn of the array fvom the
normrna) erur;l'-xcemenf 10nuxtud '(H J. 5°

= . length of landing site in degre - - - >
« : 3
SmmUt

1

G = earth radius Py

R



that can be encountered

=15 : : : the centerline of the
durthes! removes Ccovder sapnio v wa:: “rue yor the University of Maryland

- Array conservative ior the SEWRL '-*'/‘} then the pos sition of the a.lifrni"r.mn‘t
; 3 e : B

handle 1s consirained as show noir ~ which co*"'r-ﬂsocmas to the array
position for landing site H-pols i"hvb ’wea* supoo*‘t is constrained as shown
Figure 1, which shows the ar rav in poaltzon for site 11-2- 8.

H Cormlle
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‘Standard Distribution







