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H. S. Rayre, A. Tong and R. A. Meador
Mr

ABSTRACT

A, brief discussion of the LM acoustic simulation system

and procedures used in taking static reflectivity data is

given. A: total of thirty Points along the landing trajectory
were selected for this data. The reflected field was plotted

in cabs versus incident angles for quick reference.
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THE SURFACE MODES.

The landing track with a length of 177 K feet is modeled.

on 36 feet long, 4 feet wide aluminum-base model composed of

sic sections 4' x 6' in size, as shown in Fig. 1 and Fig. 2„

The scaling, design and construction have been reported in

detail in a previous report (Hayre, Boyd and Tong, TRM67-6,

1967) .

'fiHE SELECTION OF POINTS

A total of 30 points were selected for the static data

with appropriate consideration for low altitude effects. The

distribution of the points along the landing trajectory is

listed in Table 1 and (shown in Fig. 3. Only a few data points

were chosen at highest altitudes, whereas the point distribution

along the trajectory, becomes denser near the landing zone. The

points were so chosen as to allow sufficient surface overlapping

from one point to the next so that the whole track would be

illuminated in subsequent look angles at various points. Further-

more, the reflectivity information is more critical at low

altitude than it is at high altitude because of the smaller

area illuminated at latter altitudes.

THE MODEL SURFACE MOUNTING

The model surface is attached to a fixed metal frame

inside the water tarok,* The metal frame is mechanically iso-

lated from other structures such that the experiment is noise

free (vibration).

u.

5
;t

f;

i^

3



it

t,7

vl•{ 	 ti

10

X

^	 i

'7

0



t s

DISTANT	 FROM CMER OF IMOXNG RI XPO

A

2 0omG177 .t	 R14	 .7372 43, 7956
#.syMiMa	 -c xlt `R;t	 aMIM"'. !wlfx:ieYYit;>.yl :s'A.^_. ,xkat. iMikdJ;	 L'.."^. 2sq 	':.°.uz^=';yt?rNaY^.' S:+,R>^ i9RMfb"af lltk;.'t mFA=-=*.>tYMFt'#Y'SF] ^'^^!FY ^h^_'kc atlY_ ^'Yr-'a/>!-iMiF,{MAikkiAB^dac^z^t--^fL

wYleM.^xtx;:i#Mi #̀f^+f.lfNlYaYYwYrRWMYyR ?MfW N,Y-,.:;:i#_aw>- t =^._.._:wxt c	 :. 4XrraR-» t:-ar-uar.wrw+wt4^` WwY,wk+tY .:«a .y^.gaY. +^w§'.+tir+.^=awcaR` a^NK,a^N►tt ;4 Rws.:hYes+tWw=M'+!:ft:"

36.4380t 4 	 ► 	 K a2, 5r, 47 20800't̂nxR

[

.HRrM 	 alr_YNt9rlu" ri•:x

y

:^:-sc aw
y
- -,W.': L'+!MAM#e9!<Mi t!'YK.'	 YM,?R'..̂ :̂srra+4'•+1^.^%1wM. -̂ r.:Jr.w^sncMy '#irtr+Mlhf3wcatneebrMYak: - r^'M4it! °iYx€: aeawR = wtz:'YS-R.MrMtaRWcaYMiR^n#r ►+,r^fx...

1	 IIYk/

1i	
-S

y

i
trk,	 Ij	 qy

ai	 `^' 1.9200
R# 

,
A 

^^	 350fb.-^...i^	 .M^.^,...=ak.n4 :zY N.'^'#^:'NMfd^6rNMM'at"SP ar: ani MM +►=`[#,='ai.^z`s# MCi.=,  saxYCgR^e #Rr: M4''WFY4 _ :a:'.M'NRUwr'#w#MC'Jr,Aa":'#4YRtY+wMt ¢^'Rxz.	 tq:f^..
R

w	 R
4'♦`t9„-Sp,rl.t x.

150
wwM^+uyawrt'+ebtaRr

R	 1.13. ifwjY 
591,

Yre: a.w_.rse_>s.#:t'.y+r,r*m'-+ccr n.rawe itRw^ +w4r"`iYr-
18400

YbMYRVy.rrsr.wrftr-erx^p4y

^32 . 2336
.i+!'+Ynwy^w.wregiyR+ge!!.i M!hR't#Mi^t"^F.r^w^ixi3^

F 95 0^10 17950 31.4453^'	

Lh	 !

w^lcix^+
[
k^e.;-uY+eAkaiwwR .k :aly ."Jffi" .aix.ra+z.Mlx a+M+c	 drhra9^' :asxt:y'!;•;Sf^:wV±,t't ss^f'z"^sM ^jr^rar YO._^^s(pzs

'(

.

yw ^
#

x

M}

s 'aF# rYllNtrew ^rs+ec-:res.>),a . rr_M,n ^eSw.Rw.trtss.tiptrWNk #feY:?.•

tP'	 ^ ^ wJ
•t	 .:	 F.^}.	 '1f `)
x 11	 "!1 'a/P M	 ♦ 	 .^ d,9>^	 .,} ^r"F'ri3r s ^ xr^wr..^yx:^.	 u9js^e+::,+wsRfarrFya4^:x+!^Wr1+9=t:'i4 '_'-._'a-n GAMe=wsse°:r s= . . a a :.ST C#^k Ra §^PCStFS: a YR4•awRxula	 _!'Ae.at,. , *y!a#cs^:	 'k w: 2>I.z ac stt+lw

i
us ei',P->J:`z:^wtMrvF+N+9wf.N6

.	 !  aP

5 K	 3.32. 3504 flx` 300
3RR+:9R

30.3966
M	 'IR

9 Y ^ x 3

=1Y:ttla Yy+}Yt t 4}/J^YMla l:ltta^^a

t

^w+^t.:aewv"-+wy 4's+#'MMNey iMrk	 . •ivf;.XN

+
^W'-!i#=+f w f , - et .- . :.s Nx :^111te:#R:x

K	 +^i13 ♦ #^Ri	 :w Re+4

:?M•wMkryw',r^ce iMaeY'ltstNixAR

1Std2 --0 0
^ ĵ
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THE TRANSM.^TTER AND RECEIVER MOUNTING

The transmitter and receiver are mounted on a rigid

arm attached to a motor carrier. The carrier and the surface

frame have the same mechanical reference so that any v^bra-

tion will be self-cancelled.

THE POSITIONING OF THE TRANSMXTTER AND RECEIVER

The X (lateral distance measured from the center of the

landing zone) and x (altitude from the lunar surface) position

of the carrier are controlled by DC motors which have built-in

mechanical feedback. These position reading signals are fed

into digital encoders with a readout accuracy up to a hundredth

of an inch. The angular control of the transmitter and receiver

is designed to change one degree per pulse input. The angular

swing is from 0 0 to 700 toward the landing, as shown in Fiq. 4.

Figure 5 shows the overall electrical and mechanical layout of

the entire system.

DATA

A sample of raw data is presented in Fig. 6 where the

return signal envelope is plotted. Thai incident angle of the

transmitter corresponds to the number of pulses and is also

recorded in the same graphs. Fig. 7 through Fig. 36 are the

return signal in dbs plotted versus the incident angle of

the transmitter and has a resolution of 1 degree.
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^..;. 1.> Ì ,	 ; ,^..	 .t..+^r.-4	 1.,.,,.,.,.L	 4.. r.,. ^` ,^	 i	 ,y..,l.	 1j.

PSta.-jx	 +(F.,r	
_. p . A 	 •, ^..., w...qq^	 "„?".^.	 *j11 ^	 ,.^. "^>.,f" "'^ "r^ t..^...^ ,+,la "4n.t ..s..	 ..i.«,^,..	 2+•t: t	 ^...J,»d4. A	 ,_,..^...^	 Y.;,^	 `"^ ^ ?	 ^	 •e

h'^ 4 ^1!^• ^ .,.+....Mx...'.^+	 ^..Vr..+.1+ .,eF̂nw ►+,	 +*Mn^ -^.nMc^	 ^'k	 ,.+F..,.;^w^r	 .,.	 pl	 e.	 C	 ±,•..+•.+,;s ^:...W.,w,.o

t	 '"La.4
.,i	 5	 r	

_	 x» •	
'^'+..I	 ..t...i17	 `	 .-.4• 

6	
.^,3„	

_-„"^	
'	

•.^-,_{.-,^—.	

., ».! 6	

r	
T a(

` 	i	 r	 r>	 t ^ K r ^	 •-r-^---^^ .^n	 ^...,,, r.r .^ "1'"7" ^	 i `	 i

.	
a	

s

«. ,J	 t..,	 .J..	 .µr .,	 .:	 a..=1... -	 i.^.+.{..,	 ..i+	 _-C_,-.,1..^	 T+...^.^._t.. ^.> 	 »..	 ,.^.,,^......^»...^..^.. 	 ' .1
>
} •i,_}.^at„>.4.,,- 1..*..	 ^	 r»r.{^	 ..^,.	 ^~.

t
L.'
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I	 '^	 ^ ŷ	 r	 m^ ^ S ^^ q I ^ N4^ a ^ ' ^ t

"wrf	

^:(., 

'^W .1lr̂vR.+e3̂ ^a.. ^	 .:tQQ•	 ^s	 ^w. ae^.e	 ^t_'.M`+.^f.fi...^..
r	 .y}«.ri x w,l. 	 eie :^ wL.:}	 _	 4	 q ._^.	 t...j:.^^ ^	 ^;.	 .^	 t iF..1	 ..	 #

—44--r.	 .: k...R.a ar:.p^,.r-^	 -Y•-'f.... ..	 L. ^Lt is	 f

i

.^+s

14

..rn"sa

[ .. b et' 4 ",	 - c .. a a R,? .	 . r-7 .I ^o`.^ x-yxx w	 t*+ : rs	 t+W+; ' s ^, .:.;.	 4wxr	 x»rayr	 -+ .-,s-e ...r-..-p <	 y :	 a -} :R• : zz..ya x	 c	 A

	

^^

	

	 ^	 a " r: ' M ^ ^ t a !	 + ^ n	 ^ d^ .	
Y	 d II ^ G ^	

.^} ^	
w	 ^?	 d } '	 ^ ^ ^	

b ^

	 ^^, ^¢	 Ra	 N	 m

	

,	
gg

Il	 }	 s	 V r	 ^	 g	 }	 "	 a ^ i }	 •} m t k	 }	 s	 `. 1	 }	 ^	 '^

w	 y	
g.y	 c+, xk: s - a^ e.	 un '.-^- : "A 	 s <	 .-..st rm ..i...R• a nt - ^!+.s ^a.•srr zt.	 '9m	 = a-,	 :.-dr^r'. xh:- ^ ,! a-..k a ..iz•', • +t ^^ •m++zr ► F'd > ,r.a,, i^- e^.r::. ^•= : a r^'jk!b '^` ^ 2^1f:i^"	 y'^j

1	
_	 - . .'	 -`fi e

	 ^	
^+	 . a n AAA	 ^ q 5 ^	 ^	 r.	 • .	 . .	 °Qr."- #)	 ,^ Il^ 1)

	

:	 dd

+

^	
!+	

t} ^	 d	 ^	
a	

+ 1	 t	 t t t ^	 ^	

3 n	
• f 7	 d	 k	 P_^^l	 "^'F^ i R.^^R-° trJ`4 t	 .

^ m	 p¢
	

aQF
	 ^ "	 ^j9	 t ,^	 v„	 ...•.•a4	 s-.w: .s.	 "	 -.R-, R•r.s 	 ire ' m +	 ; ^ta.^3.n	 :r1,+,t'fi 	 }	 sz-." ,.-.L«{a.t'*:s;+ xw a <.4. +.: ^.	 s1	 --s...	 .r- ^'	 ^ s . ,̂t	 °s ^4^^ '	 ..	 !.!	 ^.^ar=RUtx-.1}.^rer.-,^...V -^+,- t 1 ^	 w i 9 1	 .y	 .^ t	 ..•^, ^, ti,^... 	 «^,. t	 ^- mar.	 ... - ^	 {r	 7	 i^	

. - r^r

e	 fa{t.f
y

,'	 .	 p ' a	 m	 !	 ^ ^ t	 4	 ° II, r	 a ^, ^ ^ i s . ^ a	 + " ( ^ .+ k̀' },.^. ^ e	 @ _+1 N	 ssg	 cyy^,. 
^' ^^

^.	 w ^	
y
Yt k	 "	 ^ }. t .	 v:: .	 ^ f t	 ^'	 }	 +$, r ^p . ^; ^, e 1	 ¢ ^' ,. ^ s it•	 «t Fd'} k	 ' ^	 ° , Q	 ^j	 .'	 C'• ^ ^.,

'	 p. ^xx.-^. e.. 	 , e	 m1x y z j.-,.,'^,	 , w'1R^1; 'a.}.-,	 ^-. ites} .	 !^Y'^^	 -,.•s ^	 ^+r'	 - v q, rra^^.^ a	 ^	 j	 •}„	 _,	 :^	 :	 '^	
F^%+.dIJ^t	

aifl{-+w•,ra-- 	 t.	 ra	 ^s w.•t s	 rx. r-c	 c xe s	 f^	 1	 7
1	 ty	 ' ^ 1• T +	 • ,1^	 i . §	 a + I 	 ^ +.^ v	 a +. -	 ^ Y	 .1	 ^ ^	 +	 t^	 y'-;	 ^i^^

y
. .^^' ^tl

1..	 ^	
{	 ^	 . "t '	 o. } ^	 ? ^	 t	 °,:	 ^ .k=.. ^	 ^	 {	 `s}..^	 II ^ ^. ^	 arnL^I^Yk^t66Rl 

,^ 	 '+aF	
r!

	

}	 a	 ^	 .. t	 ^ =i	 ®^ '	 } +{	

,II "

	 ^I[	 t t d Y-' •^	 am	 't ^ ..	 ,} 8	 Y 1	 rt	 .(	 E . ..	 ^,r-^,}, .s	 ' ^	 -
^.	 ik	 k .,	 ^	 !^ m a ^ t FV . A	 .	 . m ^	 a..1 a	 }	 ; 'j.	 ^	 j	

a.	 1	
^?'^"A	 ;"}"^,'} n^,

u	 n	 ". u: `	 titr^'f?ta5ir ei4i 	 •-^i^r.7^.	 ° ~,^.^K^:.x^h^^.l>^X7S^9P.^?5^.:"s1 asa y,,..:%.!.7lF^l^if^isfe ice?.*.'L'.!!S 	 :i...^t '^ "siyw.93;

d	 a 3y	 . e ^	 ^ +	 i "Tt t r ` ^	 t ^	 ^	 }	 '^ } t ^ s " °• '^	 ^ R= e i	 1	 .^	 r	 ^ t	 n	 m	 ^i' ^

{.
	

r1	
♦
g	 5g

	
^fb .	 p	 ^d	 ... e } k..	 t p	 +^ £tir. a..:.T* e } y	 x	 e° 't	 r -5. r11 - Y 4 t ,} '	 i i, #•	 n i• ' a	 R}

d ,may.,,yy^ 	 "$ s d Z a,} a	 i	 ,	 i r 1	 y c y..	 ?	 } B	 Y	 S # .1	
yp	

I'9

	

a eF.,^^. `
	

,.rrt°`'y,^.r'	 =k^-.c-,t*rY:r;ae:,.w:a ,, vYre.aC _..c xt.e x	 me. _.	 ,.3.0 ceder	 .t_etr s.,o,>:,.'-.i.•

	

y	 wt ^ ^ ^ ! ^ ^ ^ ^ + ^	 p i	 "_ ^ $ E } i	 ', ^ ^F ^	 dl w 4 «^ " " II ^ §' ^	 ^! r	 ^ }	 nt ^. xi	 7	 5	 . "̂^h t

	

x	 ;}	 S ^	 ^^^ ^ t
qq
	

♦t	

t]} ` 
^ {
	

^..r ?	 » a

	 .i }	
(
i y	

g
1

tM	 f	 i	 "s ±	 +	 i	 1: 8 F. r,ahtM	 G	 y.4 to	 3. .iS	 ♦ 	 o	 gx. ;	 u	 '
as	 a'Kd+	 ^ ^	 ^	 -'svw'	 0y

	
yq

"-.. i^ ^ .. ^..^3.. r_ ppp^ ^	 14lgKf^slwlygy4} ♦ : & *^ tv. e 6 .^,. ^.. ti...^-.r•f.,+ fK*b•ra ^Y`aft•r " 'te^ r •i.. ^..^. 

Y	
,	 j t _ 1 II `	 Y.y, 9..	

..t

	 {

	

a t	 m b t }	 i =fit . r	 o	 } A +^ !. S	 1 r 1 S	 ^ i	 .Ja^ i ^.j."	 } y d '+	 y S 1	 c,	
A	

^,-'J1ylY

EC

	

{	 1	

d

..°F•...;,.• 	 }...r+> ,,,^̀ .w,:}.-.r4_x ..d.u' 	 fia."tW. cR•+q.. .}vw	 ^.«,*. .: ..r^ "..:,... r. «J.-. f.	 ..+..^,•tw,	 .I•+-.	 .Y?..s... ^r.rn.}..	 .eaes:.	 ^#!r
	1 	 f	 b"	 ,	 S	 M ^ .	

s}...^ + M l	 tl S. 
r1 1^'.	

ri	
r	

P 1	 "	 }t..	 S	 y ._

i1	 d t	 i	 r	 a.	 m	 II .e	 ^	 S .	 ^^ ^	 , d , a. , d x^	 ^^
I
 ^	 }. -^ }. ^ ^ s.!} . r.>.:„,2 .	 t..,^. ^ ,	 1 -. ^^k .^•# .. 	 ^•	 x ,

"	 ^	 $ ^^	 ^	 Y ^	 i	 t	 t	 "[ R ^	 1	 C	 v	 m

3^	
(	 }	 '	 }	 r i. 1	 ^.	 f i ,.	 °} a	 Y 4 °	 }r " t.	 fi P `'	 d	 i "	 t t	 a JA

^.^^	 «	 .,	 I	 _,	 fi	 "	 1 .	 •a	 x ^^ ^.t_.^..., 	 c}.r.>r}..wn"rM xasr t'-+} :Y,-.^q-...f>r?.#•c.R^x..^ .rr" 	 ,:,,^
}	 ^Y	

{1	 :	
R ^^	 }	 t	 II 11	 EE'S , 

j	 ^	 "^	 ..a.ex ..'	 = 'iK' .w r,•-. o	 .^^ •,. II m. '..
	 r..a -4•u, .e ^	 ^,cwc-S+>	 » ^	 .

	

'	 t

. 9	 "	 } , 1	 e 444444	 t	 c.	 !	 3 ,	 i m.r,	 t t	 a . 7 •	 ',

	

r. ep ^... a 	'^^^ S	 t.."	 i"t }	 a.	 a	
i^	

3	 1 •	 *	 s ^

a $	 d .	 F	 I	 ^ t	 . .	 -S.	 "}	 t ..II.	 ^	 ,.j	 }	 ^_:.	 ,>. ` * ^. 
i.	

.a^ . sue.	 y,. ^	 y ,^ y `--	 1.,1.,» 
Y y j.

a at r .^.,	 .,	 x	 Y^x

	

 2
,^:..t.,.3--v.} ..	 ..,4..

0r	 " Xtt .	 +	 t	 .	 1	 '
f,

9	
w'!R	 $	

_.^ .E	 "*' t	 "	 y., ", t ._^ A	 ..	 .t	 .,+^ t	 a. ,.t _.	 ,{, ^..,.},	 "	 ,^ , il.	 r«	 x , . .<, .p	 r	 c	 ,ff

.	 dti.i^	 y:..,..t.'. .,^5. k . } ..a.,	 >.	 .}..t_t..,^._	 }	 ^	 ,^.,^.^.^ .A,.'i.•^• .,^,^.+..	 ^=.r.	 .i.$ ^: t	 ^;..	
S

j

} 	 1	 ^	 t	
^	

1

r, t 	..m ^ >,.M	 :tr	 +x.K..:}- w	 , :„ Nt.a	 }	 +}	 . yt	 ^	 .,..^^.>^:,al,.it^-n_t,}.. .;...a >.. J	 ^?^ k ^'^ ,.- ^. {.	 ^c
Ti^	 +	 A	 ^., j^t.<i .+..,.. i re + `	 g	 .^ r,	 g	 • 4^';...,	 g ,,,... ,	 i .}m^.^.	 t^	 . ^„	 . a yam.° v

	 1
t	 !	 tk	 r,} f' "_4 ?	

c 
r} } x.,	 {	 _s.4	

y ^`i f .	 } '	 i m	 4	 t	 ue 4	 [, ^.,. t^"l }	
1 3 m

i—	
'	 4	 «	 i	 7	 L°	

t s i.3	 t
T

	^ A ^ : S'	 v.. -}•..	 'vt..b...'.,,,; w,L.	 .^jt,',__'_T`, ^,.,.:^rr^ 	 a^.1^	 W o,.,o e	 my+rt$ t	 1	 ^l,^.^X gr,y+m+mc,e s I_.^-._:WR	 ::t+1,K	 +Yis..^s	 a#^.	 ^'	 ^	 1..' }	 «°^	 1	 ^... G. ,^ #^rt ♦^ ^..^ 1.. , .i5..	 1	 .,.}. M4^	 ^ `}	 j'..A § 4	 ^	 ^	 si .! }w"ih-w. t.'	 .."+	 77	 A

	

e"e+•^^^"1..,^.`-	 .#-	 2..'°__i 	 r_`..R.^	 .. w. .^"•si._	 7L.,,,.1	 444"" ^...	 t	 ^ 	
_	 1

	

y t a.. t . i	 ..^ t
f

P

*

	 r

A	 cx i	 t .I	

,t

`	 ^	 f

§	
{.,,

m,



Q
h

q

i

e MBA• '^

N °
a

o # {I

a	 !r"	 a r"!,.

k.	 p	 -: y	 P	 e ° . y+r+yra	 n 1f'' (̂ '..^Y'.	 as	

a^Y	

' ^y*^aaa.r aqr `°. ♦*hn!t-^^e-^r^-.	 _	 _
u	 1 y ^ y 	 ^} P	 k	 8	

q/
	 ^ ^ 	 T 

	

,	 .	 y	 •`fi	 !!-	 an i•	 k i.	 1/	 #'a^	 !F.I	 .,	
ry- ^P	 a$e	

.,Y ^,i. A+:' c _	 y	 [MR	 '#^
/	 f9	 4-	 M	

i. 6

	

fi	 W	 n

r v.dlnw,sr:	 `.. ^	 ^ ^ i

	

^ +W,W..^	 ,.-r#°.°3cmyn	 kw"d	 •	 }=a^a. ,P^	 x
4-i +r{as•Nne^ .:^. 

k
N 	 ?^« e.Y	

MbtN '4x ^ k _
t,

1 4 :	 ^	 n ^ a	 1 T n ^ it ^ F i ^ ^ 1 ^ F	 ^ S	 3^ "^	 G	 ^„.^ ^=-}	 a	 ' .^	 ^ :^ ^ ^ .-: n a ^ +^	 « :c ♦ 1^t ^'«.at Wŷr ^
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Each plot of reflected field versus angle of incidence
is plotted on a separate sheet with such details as altitude,

distance from landing zone, and xry positions on the model

and mode. number. Each set of data was taken after the
system was calibrated using fiat plate model and repeatability
of this data was assured before making these runs.

CONCLUSION
The LM acoustic simulation system has been carefully

designed and built to avoid any extraneous vibration. The
positioning and switching of all mechanical components have
been operated and checked electronically to assure the conti-
nuity in the simulation process. Each set of data has been
run and reoorded repeatedly to the point until satisfactory
comparison is made between runs. Therefore it is believed
that optimum accuracy has been achieved within our scope upon
the present existing system.

The return signal has also been re-examined print by
point throughout the physical model. The curves agree favorably
with predictions by the scattering theory. Any unexpected fluct-
uation caused by the frame iron angle near the edge of the
model structure is pin-pointed. Such error, however, may be
neglected and its real level may be interpreted from its
neighboring data points.
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