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Summary

Motivation of Analysis

The vibrations Analysis of the Lunar Ranging Retro Reflector 300
Corner Array (LRRR 300) was performed to answer four basic
questions.

These questions are:

1. What loads are imposed on the LRRR 300 structure during
qualification and acceptance testing, during launch and
boost and during lunar landing ? Are the loads assumed by
the stress group adequate to ensure structural reliability ?

2. What is the worst vibration environment seen by any single
corner reflector mount? Does this vibration environment
impose loads on any corner reflector mount that will cause
either the reflector or the mount to fail ?

3. What vibration test spectrum should be used at the small
array attachment fittings when the small array is separately
tested ?

4. If the experiment is flown with the upper array removed

(the off loaded condition) will the structure and the corner
reflector mounts survive ?

To answer the four above questions, it was necessary to analyze

three different mathematical models of the LRRR 300 structure.

One math model predicted vibration response perpendicular to the
plane of the two arrays. The second model predicted vibration re-
sponse in the plane of the arrays. The final model was constructed

to find vibration response of the experiment in the off loaded condition.

Summary of Conclusions Drawn from Analysis

The analysis that was performed to answer the questions of paragraph
1.1 and the reasoning behind the answers make up the body of this
report. The four paragraphs that follow give very brief summaries
of the answers arrived at,
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With the two arrays connected, vibration responses were such

that the dynamic loads and deflections seen in the array structure
were small (see Table 4, 3,1), The dynamic environment therefore
produced low stress levels in the array structure. The stress

levels seen in the array structure are discussed in the''Structural
Analysis Report' (1). In addition, analysis showed that the reaction
loads carried through the LM interface fittings were well under

the loads that the fittings were designed to carry (see Table 4. 3.2 and

1).

The analysis also showed that, when the expcriment is subjected to
its worst vibration environment (launch and boost qualification test),
the worst 3 sigma response at a corner rcflector mount in the array
plane was 40 g. The worst 3 sigma response at a corner reflector
mount perpendicular to the array plane was 48 g. Single corner
reflector mounts have been subjected to sinusoidal vibration levels
in excess of 50 g peak for considerable periods of time (2).

Vibration levels on the lower array atl the attachments of the upper
array were calculated both in the array plane and perpendicular to it.
Using these calculated vibration levels, test levels for the upper array
are proposed which are envelopes of the calculated responses. These
envelope test levels are shown in Figures 3.1.7 and 3.2.7 of this report,

Analysis of the lower array in the '"'off loaded condition' showed that
acceleration responses on the lower array are reduced by removing
the upper array. Thus removing the upper array reduces loads seen
in the lower array structure and reduces the acceleration levels
seen by the corner reflector mounts.
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2.0 Description of Dynamic Models
2.1 Dynamic Model Perpendicular to the Array Plane

The dynamic model of the structure perpendicular to the array was a lumped
mass type model. The large array was modcled with 23 lumped masses and the
small array was modeled with 8 lumped masscs. Each lumped mass point was
given one degree of freedom, motion perpendicular to the array plane. With 1
constraint, this gave a total of 30 degrees of frecedom for the model. The loca-
tions of the lumped mass points on the lowcer array are shown in Figure 2.1.1 and
on the upper array in Figure 2. 1. 2.

The structure consists of the corner reflector support cavity struclure with
a network of cross beams below. The upper array is about half as large as the
lower array and is attached over onc side of the lower array at four points as

shown in figure 2. 1. 3.

The stiffness of the arrays between lumped mass points was evaluated by
developing an equivalent beam stiffness for the cavity support structure and the
lower ribs. The structure of cach array was then modeled as a grid of beams,
and a stiffness matrix for cach separate array was found using Bendix Program
No. 0313, Rigid Grid Analysis by Direct Element _I\fI_e_‘,:c*h__o_g_. The interface fittings,
the hinges, and the clevis fittin—és were assumed to be very stiff compared to the
arrays in this direction. The fittings were modeled as rigid links. The stiffness

matrices found by this method are listed in Figure 2. 1. 4.

The mass matrix for the whole system was then cvaluated. Thirty one lump-
ed mass points were chosen as shown on Figure 2.1.1 and 2. 1. 2. The mass lump-
ed at each location is shown in Table 2.1.1.

Again refering to Figures 2. 1.1 and 2.1. 2, it is scen that mass locations 3
and 16 are repeated on both arrays. This because the two arrays are connected
by hinges at these points and the upper and lower arrays have the same motion.
The clevis locations on both arrays are also connccted, but no mass is lumped at
the clevis locations on the upper array.

The stiffness matrix for the upper array was calculated with the four attach-
ments between the arrays fixed in a plane. Since a plane is determined by 3 points,
the displacement of any one of the 4 attachment fittings is determined by the other
3. Therefore 30 independent coordinates describe the system. The dependent
coordinate chosen here is the displacement of the mass lumped at the rear clevis
fitting (shown dotted). The mass matrix for the independent system was calculated
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Table 2.11
Lumped Masses

MASS LUMPED FOR LOWER ARRAY

MASS LUMPED FOR UPPER ARRAY

Mass  Synthesized Weight* Attached Total Weight Mass Remark (For
Weight Attached Total Mass Lumped Remark (For Joint Mass On Fach Weight On Fach Lumped ~ Attached Weight -
{Lbs) Weight Weight At Location  Attached Weight Location Numbering Location (Lbs) Location {Lbs. Sec?)
{Lbs) (Lbs) Lb/Sec. : I e
In
(1/2) Leg Hinges 2 23 L5 . . .
1.37 .45 + .5 2.32 . 00601 (1/8) Leveling Leg Assy 4 3%k 2.02 _li ;.622 . 88‘;},45 8;3; g:gl::intl
{1/2) Leg Hinges 6 24 2,02 1 2,12 ,00549 (1/4) Tie Pointa
1.344 .45 +.5+.3 2,594 . 00672 (1/8) Leveling Leg Assy 8 25 4.55 4.5% 01178
+(1/2) Tie Pts, 10 26 2.02 2.02 ,.00523
2,74 .1 2.84 . 00735 Back Rest 12 27 2,02 2.02 ,00523
1.37 .2 1.57 . 00406 (1/2) Array Hinges 14 28 4.1 4.1 . 01064
2,714 1.0 ‘ 3.714 . 00962 (1/4) Leveling Leg Assy 16 16%% 2,02 .2 2,02 .00523 (1/2) Hinges
2,714 o 2,714 . 00703 18 29 2,02 .1 2.02 ,00523 (1/4) Tie Points
2.74 2.74 00709 20 30 1.94 .1 1.94 .00502 (1/4) Tie Points
2,688 2.688 . 00696
2.74 2.74 . 00709 . .
1,37 1,37 . 00354 *Weight on-each location = 24, 2 xi’; =24.2x Ai
2,714 Lo 3.714 . 00962 (1/4) Leveling Leg Assy At 237.402
2,714 2.714 . 00703
1.37 1.37 . 00354 **Mass of stations 3,16 will be added to the stations 3,16 of the Lower Array
2.74 2.74 . 00709 .
2.688 2.688 . 00696 *#%*Mass at this location is transformed to locations 3, 16, and 21
2.74 2.74 . 00709
1,37 .2 1,57 . 00406 (1/2) Array Hinges
2,714 1.0 3.714 . 00962 (1/4) Leveling Leg Assy
2,74 2,714 . 00703
1,37 .37 . 00354
1,37 .375 1, 745 . 00452 {1/2) Pins & Name Pl
1,344 .5+.3 2.144 . 00555 Handle & Handling
Socket + (1/2) Tie Pt.
1,37 1,25 2.62 . 00678 Suncompass Assy,
O
w
(o]
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by making use of the fact that both the independent and dependent systems must

have the same kinetic energy if all lumped masscs have the same velocity in each
e system.

The only elements in the mass matrix affected by the constraint will involve
the coordinates at the attachment points. These clements are calculated below.
For the unconstrained system:

L 1 2 2
Kinetic Energy = (M_. U + M1 6U16 + M3U

2 2
2 21 21 +'MdUd ) (1)

3
Where:

M. = the mass lumped at the i th coordinate location,
1

U, = the velocity of the mass lumped at the i th coordinate location
i
( )d = the displacement or vclocity of the dependent coordinate
But since the 4 mass points are constrained to move in a planec:
= - 1. . 2
Ud U21 1 398U16 +1 398U3 , (2)

Where the constants are determined by geometry of the plane.

Substituting (2) into (1) gives:

1 2
K. E. == {(l\/]ﬁ21 -!—Md)U21 - 2.796 MdUZI U16
2
. + 2. 3
+(M16+1 9544Md) U2 2 796MdU21U3 (3)

- 3.
4088 Md U1

2
JUs + (M, +1.9544M ) U, }

Expressed in matrix form:

(M, +M,) -1.398M, 1.398M, U,
1
L E. =2 - 1. + 1. - 1.
K. E. = [U21U16U3] 1.398M, (M, + 1.9544M,) - 1.9544M | U, ' (4)
_1.398Md -1.9544M, (M, + 1.9544M ) | |U,
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By definition of a mass matrix, the elements of the 3 x 3 matrix in (4) are the non-
trivial elements of the mass matrix in the independent coordinates. These are
placed in the independent, [M(;} matrix as shown below

i }
Mo 2n Mar 16 Mors] (Y2
1
K.E.:—[U LU ,U]
zl2l 16 3 M o) Mg e Myg sl {Yse (5)
Myt My e Mz 3] (Y5

The remainder of the independent mass matrix is a diagonal matrix whose elements
are the masses lumped at the appropriate points. The independent mass matrix is
shown in Figure 2. 1. 5.

Next the two stiffness matrices calculated for the large and small arrays
were used to calculate a stiffness matrix for the whole system. The stiffness for
the upper array was calculated relative to a plane through its four attachments to
the lower array. It is necessary to find the stiffness of the whole system relative
to ground. To do this, the stiffness matrix for the upper array was transformed
using the transformation matrix relating displacements relative to the plane and
displacements relative to ground. This was accomplished as follows:

Let: q., (i =1-22) = displacement of the i th lumped mass point
on the lower array relative to ground

q., (i = 23-30) = displacement of the i th lumped mass point
on the upper array relative to ground

u_,, (i=23-30) = displacement relative to ground of the i th
pgin‘c on the plane through any 3 of the 4 points attaching the
two arrays, u, has the same dimensions relative to the
attachment po%nts as the i th lumped mass

u,, (i = 23-30) = displacement of the i th lumpecd mass point
S on the upper array relative to the above plane

u, (i =1-22) = displacement of the i th lumped mass point
oh the lower array relative to ground

These coordinate definitions are shown in Figure 2. 1. 6.
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But since the u_,, are displacements of points on a rigid plane, they can

be expressed in terms of the absolute displacements of the 3 independent coor-
dinates determining the plane. In Figure 2.1.1 above, q , 4

6’ and q,, were
chosen as the independent coordinates determining the plan( g'hrough the attach-
ment fittings. We can then write:

r23
q
Yr 24 21
- lc] 16 (6)
!
Yr 30
The[C]matrix is determined by the geometry
of the lumped mass locations on the plane.
P23 U23
= [KU] . (7)
F3o0 Y30
Where:
P, (i = 23-30) = the force at the i th coordinate
1

{K -l- the stiffness matrix calculated for the upper array relative to the plane
through its attachment points.

By definition:
u, =q, -u_, (i=23-30) . (8)
Substituting (8) into (7),

RN CERY S R I N [CN R

To balance these forces, there must be equal and opposite forces on the
rigid planc.
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g = RS v K] [ (10)

Expressing these two sets as one,

P i - q.
e ]
P30 ‘ )

- o (11)
P23 S|
9 xR L
Pr23 [ u u

B

This equation allows calculation of dynamic loads on the structure.

This set of equations is also used to combine the two stiffness matrices to
calculate a stiffness matrix for the whole system. :

The coordinate transform can be written using (6)

4 \
u
1

22
23

~ 0 =B T (12)

Y30

?r23 Lq3o

ur30

o
The Zﬁ] matrix is shown in Figure 2.1.7. It is seen that the fﬁ] matrix is
simply a unit diagonal matrix with the [C]matrix of equation (6) tacked on the
bottom.

\
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Then the stiffness matrix for the whole system can be calculated:

i 0
v - [ﬁJT [IJ[Ku [-KJ o (13)
o [ [

The [Ks-] matrix is shown in Figurc 2.1. 8.

o

A S

With the system completely described, solution of the eigenvalue problem
for the system was accomplished to find the mode shapes and frequencies of the
model. These are listed in Figure 2.1.9. The mode shapes and frequencies were
then used to calculate the system's frequency and time response through the method
of modal analysis. Viscous modal damping of 10 percent of critical damping was
assumed for all modes in calculating responses. Experience with previous retro-
reflector arrays has shown this assumption to give good agrcement between anal-
ysis and test results.

2.2 Dynamic Model In Planec of Array

The dynamic model predicting the structure's responsc to inputs in the plane
of the array is shown in Figure 2.2.1. In this model the arrays are assumed to
be rigid in comparison to the fittings connecting the experiment to the LM and the
fittings connecting the two arrays. FEach array is considercd a rigid body with 3
degrees of freedom as shown in Figure 2. 2.1. All flexibility is attributed to the
8 fittings shown as springs in the Figurc. The recar LM interface fittings are seen
to have been attributed no stiffness in the X coordinate direction. This is because
they are free to slide over pins in this direction.

Figure 2. 2.2 shows plan views of cach array defining parameters and show-
ing pertinent dimensions. Given this, a stiffncss matrix for cach array can be
evaluated from the definitions of the various influence cocfficients assuming both
arrays fixed to ground. Figure 2.2.3 shows both stiffncss matrices. To find a
stiffness matrix for the whole system relative to ground the same procedure was
followed as was used for the out-ofplanc model.
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05 0.17480000
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0.0

05 0.10040000
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0.0
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05-0.71550000
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. Figure 2.1.9 S . e

NMODE SHAPES ¢ FREQUEMIES . B .
MODE 1 MODE 2 MODE 3 MODE 4
EIGENVALUE= 0,19¢510-C5 EIGENVALUE= 0, 55108D-06 EIGENVALUE= 0.28643D-06 EIGENVALUE= 0,19232D-06
FREQUENCY= 0.11253D 03 FREQUENCY= 0.21439D 03 FREQUENCY= 0.29738D 03 FREQUENC Y= 0.362920 03 K
“EIGERVECTOR TETTTTTT T EIGENVECTOR T T EIGENYECTOR . EIGENVEC TOR

-

.-

~0.3205810~01

0.232460 00

0.13529D 00
0.761820-01
0.11190D0 00
0.203520 CC
0.20653D €O
0.24826D 00
0.227760 0G
0.31962D 0C
0.33453D CC
0.267360 CO
0,3322€D CO
0.48C68D 00
0.352430 0C
0.$85600-01
0.56713D 00
0.57088D 00
0.1226¢D 00
0.39510D 00
0.81226D 0C
0.355C8D 00
0.512070 0C
0.520320 00
0.565G5D OC
0.947190 OC
0.10000D Ot
0.5467CD 00
0.90060D 00

T 0.45936D 00 T

e e . ® w4 f

-0.17804D 00

0.10000D 01
-0.18654D 00
-0.23406D 00

0.806310-01
-0.26744D 00

-0.551500-01

0.398960 00
-0.345980 00

© -0.13978D 00

0.159020 o0

T 04533690 00

-0.194400 €O
0.253630-01
0.26C02D 00

-0.166903D 00

=0.347410-01
0.10190D 00
0.19046D 00

0.85769D-02

0.345050-01
0.328680-01
-0.93823D0-01
-0.61167D-02
~0.10944D 00
-0.15973D0 00
-0.19403D-01
-0.983570-01
0.109210-01

-0,625220-01

FE e W 21T ik cvm e,

-0.11513D 00
-0.29798D 00
-0.229490 00
-0.367360 00
~0.244€1D 00
-0.5216eC 00
~0.48254L 00
~0.3762¢C 00
-0.67376D 00
-0.585450 00
-0.46738D 00
-0.32326C 00
-0.600C20 00
-0.445870 00
-0.32838C 00
~0,453950 00
-0.30751C 00
-0.21257C 00
-0.141440 00
-0.380¢2C~01
0.36173C-01

C =0.975490-04

0.14589D0 00
0.62539D 00
0.304580 00
~-0.38358C 00
0.100000 01
0.19214D 00
0.47358D Q0
-0.190100 00

-0.14914D 00
C.100000 01
0.397Cl0 00

~0.14462D 00

-0.191930 00
0.264200 00

-0.282700 00

~0.287240 00
C.745520 00

-0.40864D-01

-0.44089D0 00

~0.44336D 00
0.239251D0 00

-0.300720 00

-0.50%37D0 0O
0.39596D 00

-0.842510~-01

-C.385790 00

-C.31060D 0O

-0.65683D-01

-0.218280 00

~0.18763D 00
0.895830~01

-0.865270-01
0.311330 00
0.30884D 00
0.13134D 00
0.302760 00

_ =0.509210-01
0.758330-~01
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R Ry A oy

Fig- %19 Ccon't s
IODE 5 © T MODE 6 MODE 7 . MODE 8 T ,
:IGENVALUE= 0.12965D-C6 EIGENVALUE= 0.10408D~06 EIGENVALUE= 0.81465D-07 EIGENVALUE= 0.576100-07
REQUENCY=  0.442010 C2 FREQUENCY=  0.49333D 03 FREQUENCY=  0.557¢1D 03 FREQUENCY=  0.66309D 03
- IGENVECTOR ) EIGENVECTOR ~ EIGENVECTOR ' o

e e

- =0.310560 00

~0.,245220-C1
0.172910 0©0
0.404160 00

0.243830 0C

0.317300 00
0.383610 00
0.40441D 0C
0.16195D0 0OC
0.223270 00
0.34296D0 CO
0.496950 00

" =045675C0-02

.

0.218890-01
0.2801CD ©¢C
~0.144720-C1
-0.33G98«40 00
~-0.211830 CC
0.25216D 00
-0.405210 CO
-0.739180C 00
-0.355420 0C
-0.118180~01
0.941220-01
0.410420 00
-0.92185D> 0OC
0.10000D0 01
0.310790 00
0. 53485D-01

"EIGENVECTOR
0.276750 €C T T

0.14138D 00

e e e A— b - b

-

0.24049D 00
0.46092D 00
0.20747D 00
0.11447D-01
0.328680 00
0.864453D-01

© -0.293750-01

0.123430 00
0,103510 00
-0.22033D0-02
-0.125700 00

© =0.11329D 00

0.293850-02
-0.8375080-01
~0.357010 00
-0,111500 00
-0.86C230-01
-0.83283D-01
=0.125250 00
~-0.17711D0 00
-0.835300-01

0.1C000D0 01

0.612700 00

0.27924D-01
-0.343530 00
~0.,41595D 00
-0.47813D0 00
~0.470990 00
-0.47236D0 00

B T JEVCRNEIP YR

-0.447260-01
-0.40280C 00
C.22259D0 00
-0.1500C10 0OC
~0.250740-01
-0.420270-01
-0.301200 00
0.337510 00
0.34566D 00
-0.387180 00
-0.550310-01
0.100000 01
-0.15234D0 00

-0.35397C 00
0.41892D0 00
0.14454D0 00

-0.320140 00

~0.492630-01
0.55039D 0O

~0.15264D 00

-0.10735C 00

-0.163620-01
0.835730-01

-0.448430-01
0.31087D0 00
0.810900 00

-0.400470 00
0.159280 00

-0.295680 00

-0.32158D0 00

o

-0.252800 00
-0.210500 ©0

0.260780 0C
-0.28797D 00

T =0.104870 0O

0.660830-01
-0.30514D 00
0.10022D0 00
C.58417D 00
-0.14599D0 00

" =0.14555D 00

0.53355D GO

. 0.,220790 00

~C.16034D0 00
0.17605D0 00
0.31627D0 00
0.4366830-01
0.420240-02
0.293820 00
0.83474D-01
C.103190 00
C.556350-01
0.56623D0 00
0.68651D-01

-0.35190D0 0O

-0.857530 00
0.21741D GO

-0.200470 00
0.212710 00

. 0.100000 01
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MODE 9
E1GENVALUE= 0.403050-¢7 =~
FREQUENCY= * 0.79276D €3
EIGENVECTOR

.

0.10000D 01
0.27486D 00
~0.65856D0-01
0.67274D 00
~0.7C864D-01
0.12293D ©¢C
0.282200-02
~0.952050-01
-0.153C30-01
-0.25516D0 00
-0.1€592D0 00
0.104570 00
-0.25082D0 00
<0.33480D 00
0.40450D-C1
0.75004D-01
-0.352740 00
0.12CC4D 00
0.839400-01

-0.18614D 00

0.25080D0 00
0.368838D0 00
-0.501920~01
-0.506100-01
-0.18019D0 00
0.14334D 00
-0.438C50-01
0.281570-01
0.22908D0 OC
0.549950 00

R I e o el et

'

e

Frg 219 (cont)

MODE

EIGENVALUE= 0.286550-07
FREQUENCY=  0.94020D 03
EIGENVECTOR

~0.448860 00
0.22405D0-01
0.829130-01

~0.,18847D 00

~0,98485D~01
0.11095D0 00
0.69464D-02
~0.2556680 00
0.136080 00
0.129300 00
0.749270-01
-0.382400 00
~0.764320-01
0.186220 00
0.175260 00
0.691590-01
~-0.45482D 00
0.62641D 0O
-0.119510 00
-0.835490 00
~0.135110 00
0.100000 01
0.22733D0~-01
~0.546710-01
0.67C750~-01
-0.12460D 00
0.232860-01
0.173310-01
-0.10136D 00
-0.113290 00

VB e B G e MBI e e .

EIGENVALUE=
FREQUENCY=

0.20255D-07
0.111830 04

EIGENVECTOR

~-0.266200 00
-0.54529C-01
0.84989C-01
-0.93814C-01
0.37654D 00
-0.1€56¢D 00
0.36522C 00
0.279970 00
~0.22099D 00
-0.108820 0O
0.42198D 00
-0.549040 0O
-0.354730C 00
0.231640-01
-0.13715D0 00
-0.117380-01
-0.32151D 00
-0.10%210 0O
-0.39439D0 00
-0.256290 00
~0.685030-01
~0.36358D 00
0.298€60D0 00
-0.301670-01
0.135120 00
0.256510 00
-0.251700 00
0.11466D 00
-0.891820-01
0.100000 01

MODE 12

EIGENVALUE= 0.161680~07
FREQUENCY= 0,12517D 04

EIGENVEC TOR

0.624240 00
. 0.453960-01
-0.15511D GO
=0.362220-01
~0.116860 00
~-0.435020 00
~0.208390 00
-€.121170 00
-C.13476D0 00
~-0.261260 CO
0.10536D0 00
-C.212600 00
0.691820-01
C.234920 00
€.160770 00
0.22422D 00
0.336320 00
0.28290D0 00
-0.657590-01
0.521586D0 0O
-0.101170 ¢oO
G.27436D 00
0.36508D 00
0.166640 00
€.100000 01
-0.184390 00
0.41822D0-01
-0.719110 00
-0.887050 00
- ... 0+%7407D 00
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DDE i3

{GENVALUE=

REQUENCY=

IGENYECTOR

0.15975D=-C7

0.12592D0 €4

-0.32651D-C2
-0.,79211D0-02
~0.400250~01

0.216180 00

© 0.921220-01 -~
-0.21552D 0C

«55296N~02
0.871970-01
0.434C6D-01

-0.19076D0 00
0.167320 00

-0,25185D0 0C

-0.33338D0-01
0.561230-01
0.58383D-02
0.16866D 00
0.449C70-01
0.92628D-01

-0.1753¢C0 00
0.15642D 00
0.88498D-02
0.557370-01
0.10000D 01

-0.26164D 0C

-0.188710 0O
0.177190-01
0.285720-01
0.2¢810D 00
0.156510 00

... 704466640 00

MODE 14

EIGENVALUE=

" FREQUENCY=

EIGENVECTOR

F:ﬁy 23L97Cconf)

0.132760-07

0.138130 04

MODE 15

EIGENVALUE=

FREQUENCY=

EIGENVECTOR

0,12680D0-07

0.14134D 04

~-0.290000 QO
0.801160~01
~0.347920 00
0.150250 00
~0.37455D 00
0.124900 00
0.19699D0-01
=0.543620 Q0
~0.738920 00
0.45240D 00
~0.36185D0 00
0.50139D 00
0.164690-01
0.35178D0-01
0.204900 00
-0.21703D0 00
~0.94290D-02
-0.853130-01
0.58428D 00
-0.31256D 00
~0.614250-01
-0.27357D0 QO
0.10C000 01
-0.23€40D0 00
0.125190 00
0.20921D 00

-0.18386D 00

0.163050 00
-0.36358D-01

. 0.36352D 00

0.41173D 00
0.163360 00
0.433620 00
-0.141770 00

~0.587300 00

~-0.37957D-01
~-0.406730 00
~-0.892170 00
0.193240 00
~C.304100 00
0.439510 00
-0.67458D 00
-0.35988D 00
0.640530 00
0.100000 01
-0.71866D-01
0.80400D0-01
0.627020 00
0.2535CD 00
0.276850 00
-0.378$30 00
-0.850320 00
-0.56€6€63D0 00
~0.8344€¢D-01
~0.12424D0 00
-0.37855C 00
-0.303710 00
0.59959D 00

-0.148280 00

04175580 00

MODE 16

EIGENVALUE

FREQUENC Y=

EIGENYECTO

= 0.109130-07

0.15235D 0&

e e

R
0.34548D0 00
=0.84774D~01
0.157920 00
-0.923910~01
0.404890-~01
-0.111510 00
=0.22874D 00
0.427090 00
-0.468180 00
C.12366D 00
-C.232170 00
C.429270 00
G.8840G1D-01
0.170G40 00
-0.506940 00
-0.39336D0 00
0.37845C 00
-0.16968D 00
-0.205050 00
0.375010 00
-0.50753D ©o0
G. 869470 00
-C.561C00-01
-0.156280 00
G.13832D0 00
-0.665330 00
-0.721550 00
0.100000 O1

=0.53291D0 00

_ 04423610 00
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‘ODE 17

TGENVALUE=
" "REQUENCY=

SIGENVECTOR
-0.55100D0 0OC
0.4311¢D-01
0.196030-01
0.2428SD 00
0.90211D-01
0.24965D 0C
0.30506D0 00
-0.16%67D 00
0.242450-01

" -0.111520 00
0.250390-01

.

0.94248D-C¢

0.16394D 04

E Frg 2.1.9 ccont)

N MODE 18 MODE 19
EIGENVALUE= 0. 77534D-08 EIGENVALUE= 0.7C9120-08
FREQUENCY=  0.18075D 04  FREQUENCY=  0.18900D 04
E1GENVEC TOR EIGENVECTOR

MOCE 20

EIGENVALUE=
FREQUENC Y=

EIGENVEC TOR

0.57876D-08
0,209200 04

~0.125520 0OC
~0.337C10 0¢C

~0.294760 00
~ 0.16678D0 0O

0.457730-01
-0.,74431D-01

" ~0.31437D-01

0.182580 CO
0.100000 O1

-0.14474D0-01
0.25838D 00
0.38233D0-C2

-0.783250-01
0.,€3552D~-C1

-0.12715D OC

-0.530590-€1
0.577760-01

< =04576220-01
" =0.3C6880-01

"=0,1738500-01 ,

-0.110110-02
-0.226700-01
0.536570-01
-0.,712590-03
-0.681010-01
0.177100 0O
-0.16245D 00
0.12227D 00
0.451250-01
-0.300840-02
-0.791100-03
0.494150-01
-0.131100 00
0.12325D 00
-0.75130D-01
~0.82594D-01
0.48201D-03
0.576140-01

© ~0.16437D 00
27 04152500-01

-0.10438D-01
~0,439220-01
~-0.107530-01
-0.724860 00

0.41966D 00

T .=0.272970 00

-0.427700 00
-0.21578D0 00
0.10000D0 o1

0.251700 00
0.11602C 00
0.856100~-01

-0.199590 00
0.52453D 00

-0.99020D 00
0.898850 00

-0.642530 00
0.16149D 00

~0.405690~01
0.657270-01

-0.440470 0O
0.90881D 00

~0.75711D 00
0.448970 00

-0.623020-02
0.808740-01

~0.376890 00
0.100000 01

-0.40670D 00

0.17637D 00
0.20973D0 00
-0.157G20 0O
0.83387C-02
0.25448D 00
-0.46467D 00

-0.59059C 00

0.12289D 00
0.438660 00

=0.131000 00

-0.393310 00
~0.309890-01
-0.80498D 00
C.34288D 00
-0.482700-01
0.31655D 00
~0.23538D €O
0.31165D 00
0.634070 00
-0.25273D0 00
-0.530000~-01
-C.11549D0 00
G.24163D 00

'~ =0.28210D 00

0.72356D~Cl1
0.9169580-01
-0.66306D-01
0.447400 00
-0.595960 00

.. =0.38968D 00

0.100000 o1
-C.50G0770 QO
0.603260-01
G.833120 00
C.29225D0 00
-0.797380 00
-0.961410 00
0.452200 00
-0.157490 0O
-0+272180 00
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,527 212 (&oon{)

108 21 HODE 22 MOpDE 23 MODE 24
iGENVALUE= 0.45785D-C8 EIGENVALUE=  0.43724D-08 EIGENVALUE= 0.408890-08 EIGENVALUE= 0.38624D-08
REQUENCY= 0.22556D0 C4 FREQUENCY=  0.24069D 04 FREQUENCY= 0.248900 04 FREQUENCY= 0.25609D 0%
IGENVECTOR EIGENVECTOR EIGENVECTOR EJGENVEC TOR
0.29¢€33D0 OC A ~-0.8%953D 00 0.198210-01 0.29810D-01
-0.143985D0-01 " 0.208680-01 0.276570-01 =0.39924D-02
-0.623350 00 0.14067D 00 =0.25663D 00 ~0.95755D0~-01
-0.221200 CoO 0.100000 01 ~0.622070-01 -0,156400-01
Y 0.839¢£20-01 =0.%644%D-01 0.20998D0 00 -0.12252D 00 o
0.5C065D 00 . ~0.24325D0 00 0.926680-01 ~0.60744D 00
-0.32786D 00 -0.172610 00 0.15647C 00 0.557280 00
0.205460 00 0.101640 00 ~0.206550 00 . -0.308540 00
0.1G000D 01 =0.919340-01 0.100000 01%" 0.86164D 00
0.40343D0~-01 -0.863980 00 ~0.22547D0 00 0.147470 0O
0.23454D QO 0.49503D0-01 0.558210-01 - -0.234210 Q0
-0.59190D 00 -0.13673D 00 0.639900-01 C.100C0D 01
0.557280 00 0.382320 00 -0.528840 00 0.52107D-01
~3.46871D 00 -0.13657D 00 0.50086D0 00 C.13621D 00
0.45633D 00 0.18402D0 00 -0.415910 00 N -0.31906D 00
-0.98336D0 0C ~0.246650 00 -C.16324D 00 -G.16020D 00
~-0.160330 00 .0.830280 00 0.247300 00 -6.396500 00
-0.873730-01 N 0.145710-01 -0.22740D 00 0.493C%0 00
-0.1317C0 00 =0.257310 00 0.94641D 00 -0.795720 00
0.359880 00 =0.96069D 00 -0.300880 00 0.36168D 00
-0.41554D QO -0.111300 00 0.662200-01 0.23838D0 00
0.1323270 00 0,478180-01 0.102710 00 =0.265910 00
0.232730 GO . 0.107390-01 0.507C90-01 0.108720-01
-0.,42233D 00 -0.930590 00 0.61336D-02 -0.63003D 00 -
-0.458190-C1 © 0.12709D0-01 - 0.154710-01 0.618690-01
0.3657C0 00 0.541310-01 -0.673810~03 -0.995290~01
0.315770 00 0.60703D 00 -0.18370C-01 0.345350 00
~0.360020-01 =-0.176940-01 0.231080-01 0.48296D-01
-0.146490 00 =0.506120 00 =0.422320-01 ~0.44046D 00
0.31151D 00 0.830610-01 0.216410-01 0.137960-~02
p—
: : SEY
. ‘O»\;)-'UQ
- s @
N s W
O
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. . rh
: : . 5 E
. . aw
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IGENVALUE=

IGENVECTOR

0.32361D 00
~0.791210-02
~0.28139D~02
-0.425510 CO

0.59825D 00
0.58404D0 00
-0.13791D 00
0.22481D 00
-0.64632D 00
- 0.23326D 00
-0.34503D 0C
~0.645C8D 00
-0.26244D 00

0.37384D~C8
0.26030D0 04

~0.304580 00

0.475700-02
0.35546D 00
0.42682D0-01
0.290120 0C
0.78565D 00

-0.16924D 00 77 T

0.100000 01
-0.251510 00
-0.38578D~01
~0.96656D 00

0.14938D 00
-0.37510D0 0O

0.505080 00

0.118C60 00

. =0,827150 00
-0.155720 00

.

B 4

i

LDC 'y
Fig & 9Cc<m} HODE

-0.20762D 00
~0.,102000-02
0.,694730-01
0.333730 00

0.22676D 00
-0.35532D0 00
-0.30267D 00

0.338010 00
~0.14844D-01

0.53425D-02
-0.351780 00
-0.487350 00

0.402950 00

0.26656D 00
-0.371350 00
-0.111360 00
-0.37687D 00

0.58559D 00

0.100000 01

0.36876D 00
-0.277390 00
-0.21633D CoO

0.10598D~02

0.787400-01
=0.275850-01

0.743460-01
~0.30177D0-01
=0.232600-01

0.104970 00
0.379910-01

MODE 26
EIGENVALUE= C.308010-08
FREQUENCY= 0.286770 04

" EIGENVECTOR

27

EIGENVALUE=
FREQUENCY=

- EIGENVECTOR

0.798280-01
0.70909C-02
0.765970-01

-0.15698D 00

0.10000D 01 —

0.27126D 00
0.183880 00
-0.26205D 00
-0.19655D0-01

- =0.17403D 00

-0.75546D 00
0.31334D 00
-0.182650 00
-0.146450 00
0.219%4G0 00
-0.15C110 00
0.40326D 00
0.6287GD 00
-0.56131D0 00
-0.167910C 00
~0.5¢4160 00
-0.187180 00
0.1€63830-01
0.231200 00
-0.53250D-01
0.140050 0O
-0.971920-01
-0.439140-01
.0.22210D 00
0.62908D-01

™
e A

0.28¢35D~08
0.29742D 06

MGDE 28

EIGENVALUE= 0.23246D-08
FREQUENC Y= 0.33010D 04
EIGENVECTOR

-0.987320-01

L -0.26011D0~01 s
0.52828D-01
0.28124D 00

-0.18404D 00
-0.910660 00
-0.19976D 00

G.65309D 00

0.100000 01 —

0.587141D0 00
-0.82944D 00
-0.838470 00
-0.919350 00
-0.14454D €O

0.806920 00

0.539810-01

~ 0.303510 00
-0.31723D 00
-0.21630D GO
-0.139190 00
-€.203730-02
0.704300-01
~6.51779D-02
0.37236D-02
-0.119860-02
-0.27958D-02
-0.151710-C3
~0.18296D-02
. .0.330340-02
=0.476050~02
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Wwy

MODE 29

EIGEMVALUE=
FREQUENCY=

EIGENVECTOR
-0.134720 00
0.2919CD-01

0.19952D-C8

0.35631D C4

7o 2.2 (corwt)

-0.70724D-01

0.26747D 0O
0.100C0D 01
-0.14864D 00
-0.801400 00
-0.488370 0O
—0.43554D-C1
0.48694D-01
~0.253220-01
0.260520 00

7+ 0.,2128¢D GO
.. - 0.74745D 00

v

0.424050 OC
0.92738D0-0%
-0.429380 00
-0.75788D COQ

-Q.47768D CO0 -

0.17281D0 00
0.35CS7D 00
0.17C92D0 00
-0.555970-02
-0.63253D0-C1
0.197C7D-01
-0.536880-01
0.215510-01

0.15853D~0C1
=0,70547D-01
~0.264720-01

MODE 30

EIGENVALUE= 0,143370-08
_FREQUENCY=  0.42032D 04
EIGENVECTOR

-0.715110-01
0,225050-01
0.53460D-01
0.208880 00
0.450620 00

-0.332140 0Q

'=0.87414D 00

-0.47696D0 00
0.24C070 CO
0.60¢€110 00

0.1€C00D Ol -
0.423980 00

-0.35814D 00
-0.90804D 00
-0.£20150 00
-0.105030-01
0.27214D 00
0.45621D0 00
0.116763 00
-0.814800-01
-0.135480 00
~0.72C680-01
-0.324060-03
0.144870-01
-0.54139D0-02
0.133050-01

=0.387300-02

=0.451300-02
0.179150-01
0.59894D-02
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SMALL ARRAY
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Figure 2.2.2
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FIGURE 2.2.3

STIFFNESS MATRICES
IN PLANE MODEL

Lower Array

Ky %1z k3 »

Upper Arxray

12 k3
€.} = 1k, i Ky
b @ e [KU] = k22 k23
kay k32 k33 - ks
5 5 4 6103
K,q = 8,00x10 KYZ = 8,00«l0 ] KXl = 1,52x10 KYl = 1,76x10
) 5 5 . ~ 2 _ 4
Ky, = 8.77x10 Kyy = 9.08x0° (see Fig. 2.2.2) Ky = 3.22x10 Ky, = 6.17x10" (see Fig. 2.2.2)
- 5 _ 4 _ 4
KYl = 8.85x10 Kyg = 9.53x10 xx3 = 1, 71x10 st = 3.61x10
ky = Ky + Kyp Ky = 2Ky F Kyp b Ky
Ky = kyy = 0
12 21 B .
X 12,948 K, + 13.257% a7 M °
k = = =12, .
31 13 X1 z -
ky, = 2Ky; + Kyp * Ky3
2 Tt et Rt P K i 7.39%K_ + 10.89° K__ - 8.19° K. =10.9K
2 2 = = 1 . - 8, -10.
kpy = Ky = 10.89 (Ky#Kyy) - 198 {Kyy #Ky ) 32 3 \ Y1 Y2 \ 2‘11 Y3
2 2 2 2 Koo = 10.897(Ky, + Ky,) + Ky (7,397 + 8.19%)
K3y = L.98%(Kyyt Kyg) + 10.89 (Ky#Kyp) + 12. 94% K 13. 255Ky 33 .
45,452 (2K | + Ky, + Kyy)
3 7
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LRRR 300 Corner Array
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DATE 1] January 197!

1

0

0
ﬁ =

-1

0]

0
Where
X, , 0 =
~$<L YL I
X Y o, 0 =
ru Tu Tu
‘xlg i{.ly /1 =

, Y., 0 =

XZ' 2 2

The mass matrix
the appropriate array.

XL Xl
YL Yl
- p] <My
Xru XZ
Yru YZ
0ruJ LOZJ
0 0 0 0 0 h
1 0 0 0 0
0 1 0 0 0
0 ~7.49 1 0 0
-1 -7.49 0 1 0
0 -1 0 0 1

5 af

Displacements of the lower array rclative to ground

Displacements of the upper array relative to the lower
array

Generalized coordinates of the lower array relative to
ground

Generalized coordinates of the upper array relative to
ground

is diagonal; made up of the mass or moment of inertia of



NO, REV. NO.
936

LRRR 300 Corner Array

Dynamic Analysis pace _ 38 or__113

wision
St DATE 11 January 1971
O
ML
ML
I
el L
M= M
u
M
u
®) 1
u
- -
~. 1555 O i
. 1555
B 15.0
- . 0726
. 0726
@) 3. 27
Where
) 2
Mu = Mass of the upper array in 1b scc
ML = Mass of the lower array in 1b scc
II = Polar mnoment of inertia of the lower array,
- Ib sec “in.
Eu = Polar moment of incrtia of the upper array,

ib seczin,

The resulting cigenvaluce problem could then be solved giving the mode shapes
and natural freguencies of the system. These are shown in Figure 2. 2. 4. Modal
analysis was used to calculate response of the system in the frequency domain. In
calculating responses, 10% of critical viscous damping was uscd on all but mode 4
which was assigned 20% of critical damping. The value of 10% has been shown by
experiment to be typical of such structurcs. Mode 4 was assigned 20% of critical
damping since this mode will cause the rear LM interface fittings to slide on their

pins and introduce more damping to the structure.




HODE 1

&g
. .

FIGENYALUE=S (.148910~0 )
| FREQUENCY= 0,3130420 O

EIGENVECTOR
0.142400-01
~0.272800~01
=0,159750~02
0.100000 01
3.108220 00
. -0, 74693002

FIRP

¥GDE 5

EIGENVALUE= 0.36C88D~CY [

.
fz“fféji"é‘i’ £.2.4

HODE e

0, 51479006
G.202980 03

EIGENVALUE=
FREQUENCY=

T EIGENYECTOR

0.291050 00
0.185880~-01
=03.31334D-02

- -0,279250 00

G,100000 01
~0.%424190 00

. MODE 6

EIGENVALUE= 0.97458D~-08

FREQUENCY= 0.837800 03 FREQUENCY= 0.161220 0%
EIGENVECTOR EIGENVECTOR

. . 0.323630-01 T ‘ 0.,279790 00
. -0,45351D 00 0,10000D0 01
T ~0.55684D-01 o S =0.,92726D-01
~0.13514D 0O 0.35371D-01
e T . .l oelooooD O .. .. _ =0.126170 OC
) - 0.495010-01 0.63589D-02

= ——,

MODE 3

CIGENVYALUE=
FREQUEMLY=

EIGENY ECTOR
0.234270 00
0.504050 00
0.57902D-01
. =0.466960-01

0.155%360-06
0.40379D 03

%

HODE %

EIGENVEL TOR
0,100000 01
~0.2512560 00
0.433540-02
=0e 55388002

p.10000p 01 T T T T T wp.30%9280 00
0.525260-01 0.139150~01 -
U I —yot :\ﬁs :
) . . e S .
PO e A 0\ —m .
B R B N ﬁ%
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LRRR 300 Corner Array
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ame Divie pATE 11 January 197

2o 3 Qut-~of~-Plane Model of Off=L.oaded Condition

To model the experiment with the upper array removed, a lumped mass
model was again employed. Masses were lumped at 23 locations as shown in
These are the same locations as used {or the model of the lower
array with the arrays connccted. The stiffness matrix calculated for the lower
array alone could then be employed directly.  Since the attachments are no longer
constrained to move in a planc by the upper array, the degree of freedom eliminated
by the constraint can no longer be climinated. The mass matrix becomes a diag-
onal matrix whose elements are simply the mass lumped at each ‘node. Mass
and stiffness matrices for this model are shown in Figure 2. 3. 2.

Figure 2. 3. 1.

Solving the eigenvalue problem again gave mode shapes and frequencies
which were used to calculate the frequency response of the system. The mode
shapes and frequencies are shown in Figure 2.3.3. Again 10% of critical damping

was used in calculating the system's response.

2.4 Vibration Environment

The qualification and acceptance vibration environments to be imposed on the
LRRR 300 corner array in tests is that of the LLM quadrant III. This then is the
environment that was input to the base of the three models. The environment was
taken from Exhibit B-1 Design and Performance Specification for the Laser Ranging
Retro~Reflector Experiment (300 Corner Array),November 1, 1970. This environ-
ment is listed in Table 2, 4.1 and the qualification levels shown in Figure 2.4.1.

The responses that were calculated here are responses to the qualification

environment. Since the acceptance environment is less severe, the qualification

environment then determines the dynamic loads on the structure.
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SOM 1 0,.54450C0F
0.59309 99
0. ¥167000E
WY 2-0.1206000F
0.13C00008
3.8006000F

ROW  3-0,5852000€
~8,%961000F
D.441700C0E

AGH  4=0,2205000€
L ~0.219RD00E
0.1350000€

POW  5-0.5CL70COE
~0.5115000E

B ~0.38080C0E
AOW_ 6-0,2842000E
. ~0.7620000E
0.71060C0E

ROW 7 0.11T60COE

0,2034000€
0.5364000E

ROW 8 0.1301000E
0.3377000E
~0.1973000E

FON _ 9 0.5940000E
0.1261000€
- 0.75829S8E
ROW 10-0.15260C0E
0.5230999€
-0.3C79000€

JFOW. 11 0.92810CCE

-0.2474000E
0.1243000E

ROW 12-0.2132CC0E
-0.7327000€
~0.4386C00E

FOW 13 0.74450CCE

"~0.51460C0E
0.4587CCOE

" ROW 14-0.1563000€
o ~0.1037000€

~0.4C60000E

GO0t
000k

gasE

UM

2
3573

C5-~0,2408C00E
03-0.2078C00¢
06~ 0. 274700CE

06-C. 536000k
€4 0.1048000¢
05 G.27C7CCOE

05-C.21210C0E
06-0.2921C00E
04-042122000E

06 G.1313000¢E
04~-0.2527000€

05 C.£5890C0E

06 0.142z000¢

C6-0.1266000€

05 0.59620C0E

03 C.13010C0E

C7 0.5237000E
03-C. 126CCO0E

05-0.1730000E
03 C.€24€C00E
06 0.1042000€

€5 0.1024C00E
05 0.24640C0E
Cé6-C.2z584CCOE

C5~0.2342000€
C6-0. 70400CCE
04 0.1243000E

03 C.5557CCOE
06 0.2z257000E
02 0.2478C6CCE

05-0.17190C0E
03-0.35240C0E
06~C.7442000E

06

0% 0. 5300000¢C
03 0.16950008

03~0.7134000F

05-0,4CRTOCOE
06 C.12350C0F
5 C.3983000€

C6=-0.1367000€E
06=-0,3949000%
G5-0,2524000€

05 C.391460C0E
04 0.1687000E
05 C.7826000E

06 0.26460CCE
06~6.8160000F

€5~0,15740C0F

06 C.31310C0E
05-0.9C11000E
05 0.5494C00E

04~C+9961CCOE
03-0.2473000€
05 0.3374%000E

C5-C.3732¢98E
06 C.2464000€
C.1163000E

06
06
04

0.16G50C0E
0.22080C0€E
0.1244000¢

5
04
06

0.3(190C0E
0.3481000€
0.€353999E

03 0.1837C00E
G3-0.7146000€

C4 0.9C400C0E

05-045639000E
06-0.8191000E

06-0.2478000F

- 046-0,3205000¢8

05 -~0.21320008
04-0.1187000E

05-0,4087298¢€
04 0.3019000F
0% 0.2353000¢

03 0.7975C00E
06~0.2623000E
04=3,6830999¢E

05 G.1417000E
G4 0.1435)00F
05 0.6875000E

G5-0.1002000¢E
06-0.1272000€
05-0,7293000¢

04-0.4063000E
06-0.1876J300E
05 0.1410000¢

04 0.6381C000E
06-0.8722000€E
05-0.1779000¢

05-0.2151000E
05-0.7327000E
05 0.1247000E

03~-0.3078000¢E
06~-0.7040000E
04 0.2399000E

04 0.1235000E
07 0.3481000E
06-0.4280000E

05-0.2625000¢&
06 0.2206000t
03 0.1055000€

04 0.1¢55000E
04 0.2895000€E
05-0.25563000E

02 . 0.5358000E
06-0.1176300E
05-0.2299000¢€

05-0.5017000F
QoT446TH08F
G4 0.35%6000E

£
L 5

£ 05-0.5536000¢8
= 08 0.5702998¢
E 04 0.3870000E

03-0.13660008
0% 0.1837000F
05-0.3182998¢E

086 0.1417000E
Ce C.1654000E
03 0.7484000E

06 0.1766000¢8
06-0:.463T000¢E
04~-0.1509000¢

05 0.1793000€
06 0.,1834000¢E
05 0.9883000E

06~0.7495000E
05 0.1664000¢E
04-0.1638000¢E

04-0.8201000E
06~0.1638000E
05-0.1455000E

03-0.5116000¢
06-0.5146000E
06 0.3872000E

06 0.1048000E
04 0.2272300F
03-0.1579000E

06-0.9936000¢E
06-0.7145000¢E
04 0.9867000E

04 0.14356000€F
07 0.2895000E
N6-0.3460000F

03-0.4636000E
06 0.5070000€F
06 0.1750000E

05 0.5769000E
05-0.1732000E
04 0.1211000€

06-0.2842000¢8
03-0.1563C00E
04 0.20€1000F

06~0.31210G00E
03-0.1719000E
04 0.22B1000F

05 0.3916000¢€
U4~0:5065999¢
03 0.1194000F

06~0, 10020008
03 0.535B6000F
04 0.5795000¢

07 0.1793000E
04 0.5770000F
05-0.7523000¢E

06 0,2226000E
06~0.2411000¢
064-0.1068000E

06 C.5545000E
03 0.1371000E
05-0.1145000¢

06-0.9413000€E
05 0.1068000E

05~0.2862000E

04-0.7820000E
06-0.1C38000E
04-0.EC36000E

06-0.2923000E
03-C.3524000¢
05-0.1417000E

04 0.1687000E
04-0.6191000¢
05 0.&£590000E

C6-0.1272C00E
06-0.1175000¢
05 0.€55C000E

04 0.1834000E
06~-0.1709000E
04-0.1205000€

05-0.2411000€
03 0.1444000€
06 0.1095000E

05 0.1176000F
05-03.1568000€
&-0.1595000F

0% 0.131300¢F
05~0.1732000
G4=0.1755000F

05 0.264%6000F
02-0.484 2000F
04 D, 1464000F

05-0.4063000E
05-0.12320060F
04=-0.,1941000E

0&6~0.7495000¢€
05 0.5530000C
0% 0.,779300QF

07 C.55400C0¢E
05 0.7394000F
05-0.2021CC0F

04 0.1445000E
06 0.1061000E
05 0.5217000E

06 0.3C069G0CE
06 0.22650C0E
05-C.1324C0CE

06 0.20330COE
03 0.5286000E
04~-C.1177COGE

G4-0.3527CCGE
06~0.1262GC0E
05 G.24230CCE

C6-0.8160G00E
G6-C.89100C0E
05-0.347Z0CCE

C6~-0.18770C0OE
C5-0.89170CCE
05 0.58180CCE

06 0.1676000¢
03-0.2C290C0E
05-0.130600CE

05 0.13710CCE
07 0.3126000E
06-0.1610000€

04

0231310008
04 0.B3297000E
04

06 0-.469820008
05 0.145B8000E
0%

06-0,82010008
05-0.2923000F
0%

04-0.9413000E
05 0.620B000E
cs

07 0.32C69000E
06-0.1514000E
04

06 0.1989000¢
06 0.1020000E
05

04 0.3377000E
05 0.1614000€
05

06~0.126€6000F
C5-0.6138999E
04

06-0.6CL1000E
06-0.11370C0E
S5

05-0.87220C0¢
06-G.82990C0E
05

03-0.1638000¢E
05-0.3310000E
05

06 0.1068000E
06 0.9295000€
05

|

€T 30 $¥ 28ed

H
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OW 16 0. 31460008
0.1614000E
-0,2040000E
W 17 0.71660C0E
0.7583999L
0. 197T4000E

13520008
1 éOGOOE
1405C 00E
30W 19 0.50190C0E
0.33740C0E
~0,2892000€
FOW 20-0.1188000E
0.12470008
0.9253999€
ROW 21 0.35960CCE
0.3859000E
~0,2287000E
A0W 22 0.2061CO0E
 ~0.8C38000E
-0.1962000CE

ROM 23-0.1595000€
.. =D.1177000E
0.4314000E

O5-~0, 17210008

C5-0. 13620008
04~C. £E4603000E

06 0.3501000C
Q6. £132998E
D&~0, 251 90 C0E

04 (. ECOAGONLE
33-0, ,C?QGU
C6 0. 14050

ne
GOE

05-0. 146495000
05 0,104 2000
Q6 0. 175C000E

06-0.124C0C0E
C6 Co.24a(eCOCE
03-0.24470C0E

04 C.3971CC0E
04-0,1579CCOE
05-0.513CCCOE

04 0.2283C00E
04-0. 141 80COE
05-C.4E750C0E

04~0.17550C0E
05 0.2423000¢

04 _0.29260C0E

05-0+512T000E

06 0,8517000¢

0% 0.1456000C
05-0.8299000F
06-0.415%3000E

%3?419”@ £

U4 0,44614C008
66 01243000
~3.2833100C0E

02 0.135%0000¢€
Q6-0.4385070E
04 0.925%99%¢

€5 0.5637G00E 03-0,3747000¢
06-C.26C2000E 04 0.1243000C
67 C.2755000F 06-0.3451000¢
Ca-0,T135C00E 04 0.3%984000F
04 0.1264000E 06 0.6213999¢
06 C.17430C0E 07 0.1465000E
04 0.23533C0 05-0.6825000¢

02~C.428C000E
04 0.1465000¢

04 0.1055000¢
06 G.7T748000C

04-0,31830CCE
05 C.9867000E
G6 €.3923000¢

03 0.7485000E
05-0.3463C00¢
05 0.4609000E

C4 Q0.,119500Q00E
€5 0.6590000E
C6~0.4874000E

04 0.5795000¢
05 0.6551000¢
06-0.2056000E

04 0.,14640C0E
04-0.3472000E

04~0.1942000E
05 0.9818000E
06-0.2406000€

~Q. \"eﬂogg
640008

Q%“Qei@ﬁOODOE
06-0.3310000¢
6 GQLJQQQO“L

06~0.3808300F
06 0.4%37399E
02-0.2288000¢

0% G.5707000E
06 0.2677000E
04-0.5130000F

046~0.2523000¢
03 0.9040CG00E
06 0.3923000¢

03 0.6879000EF
06-0.2563000E
06 0-.4608000¢E

04-0.1509000E
05 0.17510060¢
04 0.5365000€

04-0.7526000¢
05-0.1205000E
05-0.7152000¢F

04 0,7791000E
05-0,1308000E

05 0.3709000E

05-0.1611000E

S 0,7394000€C
5 0.3128000¢8
& 0.Z23B0C00E

G5
06
06

GaiOu%
0197
G.1164000¢€

D0E

GOo0E

RRTAN

0.6208000F
; G923 2000E
5 G.1091000E

05-0.1510000F
Q% Q.31470CO0E
06 0.1205000C

05 0.7104000E
02-0.,40860000¢E
05-0.196000E

0% 0.
36
05

5364000C
0.5631000E
0.4314000E

05~0.3134000E
04-0.7443000C
06-0.48372000¢

0% 0.5590000t
36-0.86403G00E
06 0.3926000F

05 0.7826000K
05-0,2478000¢E
05-0,4874000E

05-0.157400C0¢
L5-0,84070CCE
Ce~-0:5127CC0OE

04-0,7292000€
06-0.2300000E
06-0,205¢000E

05 0,14070C0E
04 0,85160C0E
05-0.24060C0E

05 0.5884000E
04 0.1211000¢
06-0.7153000¢E

04-C.1638B0COE
06 0.11630CCE
0% 0.37C3000E

04-0.1C68000E
05 0.1095000€
05 0.5179000E

05-0.1145CC0¢E
06 0.238000C0E
06-0.71550CCE
04-0.2021000€ 05 0.52180CCE
05 0.116406GE

05-0.7155000E 05 0.53650C0E

0. 102 GO00E
G- LG5 0000E

05-0. 19730008
04-6.2 041000
Ca

€5 059630008
G6~0:,25L 8000F
05

05 0.5694000F
06-0.741 4000
Ce

C4-0,.1779000E
Ca-0.4153000E
05

0%-0,1455000E
06-0.1594000F
05

05-0.2863000E
06 G.1C91000€E
GS

04~0.1324000E
06 0.1205000¢€
06

05
06

G5
0%

05
06

05

06
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e,

‘fﬁjgra~2W§3

S L3
MODE SHAPES & FREQUENCIES :
e 1 MODE 2 MODE 3 MODE 4
(GENVALUE= 0,83674D-(C¢ EIGENYALUE= 0,512480-06 EIGENVALUE= 0.163890-06 EIGENVALUE= 0.139640-06
IEQUENCY=  0,17399D 03 FREQUENCY=  0.222130 03 FREQUENCY=  0.39314D 63 FREJUENCY=  0.425900 03
TGENVECTOR . _EIGEMYECYOR EIGENVECTOR __ _  EIGENVECTOR )
-0,90204D-01 ~0,20006D 00 0.311090~03 «0.407350 06 :
-0,137620 06 ~0.250660 00 -0.91758D-01 _ ~0.332940 00
0.715840 00 0.100000 01 0.948920 00 0.17524D 00
_ . 0.95291p-01 ~0,20836D 00 0.50234D 00 ~0.485120~01
0. 66816001 ~0.,30848D 00 ’ 0.166560 00 -0,560150 06
o 0.226290 00 0.182630-01 ~0.523310~01 -0.395330 00 i
0.217883 00 ~0,354480 00 0.592230 00 -0.304040 00
i 0.33713%0 00 =0,17372D 00 0.52449D-01 ) i -0.582210 00
0.551690 00 0.295760 00 -0.179520 00 ~0.693180 00
0.21328D GO -0.409200 00 0.10000D 01 ~0.336380-01
- 0.4516CD 00 . -0.28715D 00 0.32410D 00 -0.280490 00
- 0.58776D 00 o ) 0.24122D0~02 ~0.200820 00 . =0.596620 00
Q.62038D 00 0.431560 00 ~0.45753D 00 -0.502000 00
0.427980 00 ~0.318370 00 0.54820D0 00 L 0.632160-01
> 0.705390 00 -0.165070 00 -0.672800-01 -0, 796720-01
0.622350 00 0,115170 00 -0,42832D 00 ] -0.55596D 00
0.118090 00 -0.200550 00 0.500210 00 0.148050-01
. 0.745940 00 <0,22242D 00 0.899430-02 o 0.468290 00 )
0.799650 00 -0.926350-01 -0.36043D 00 0.20677D 00
o ... 0.26468D 00 _ - .. 0.13665D 00 ~0.31494D 00 _ _ __ _ «0.47065D 00 o i
T 04499050 00 -0.10611D 00 -0.123520 00 0.551430 00
ee_._. ©Oel0000D Ol __ .. =0.18991D 00 -0.391330 00 . 0.100000 OL .
; 0.506390 00 _ ~0.848370-01 -0.272470 00 0.455480 00 M
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GDE 5

IGENYALUE= 0.61094D-07
AEQUENLYs C.643910 €3
TGENVECTOR

=03.366120 00
~0.234320 00
~0.416740 00
0.477440 00
~0.418940 GO
=0.134310 00
0,151060 0O
~0,461560 00
0.23713D0 00O
0.99220D0 00O

| ~0.255690 00

7

=0,207050 00
G.10000D0 01
0.311150 QO

-0.,32683D0 00

*0.338420 00

w -0.521920 GO
-0.597860-01

-0.64324D-01
0.55054D 00

0.194520-01

PN

0.259980-01

0.675080-02. ... . ..

T EIGENYALUEs
C FREQUERLCY=

 EIGENVECTOR

Figyre £.3.3 (cont)

0. 445040-07

0.754430 03

0.100000 0L
3.706090 Q0
0:.366830 00
0.227020 00
0.575690 00

. «0.21555D 00

0:193440 00
=0.288850 00
-0.118320 00

0.28125D 00
~0.42126D 00
~0.364380 00

0.361680 00
-0.25976D 0O
-0.424800 00

0.110620 00

0.571950-01
~0.23562D0 00

0.227300 00

0.217970 00

0.130720-01
0.53210D 00
0.554920 00

EIGENY ALUE=

C BIGENYECTOR

0.424010 GO
0.304570 GO
0.11114D~02
~0.189370 00
0.103960 00
0.669650-01
=3.241470 00
~0.823060-01
G.24528D0 00
~0.,165570 00
~0.,168030 GO
~0.87336D-01
0.38483D 00
0.159880 00
-0.136620 00
-0.166580 00
0.21293D0-01
0.603880 00
-0.58048D Q0
0.117070 00

0.100000 01
0.206620 00
-0.95796D 00

.

0.28968D0-07
0.935110 03

MODE

ELGENVALUE= 0,1466TD~07
. FREQUENLY= 0131420 4%

EIGENVELTOR

=0.242210 00
=0.163090 00
0.106510 00
~0.22748D0 00
0.23996D 00
=0 741620 GO
0.47813D GO
=0.263510 00
~(. 845620 00
-0.91816D 00
0.7T06500 00
~0. 714870 00
£.10000D0 01
G.367590~-01
0.127540 00
0,315730 00
~0.724660 00
0.21326D 00
~0.813390~-01
0.95990D ©0

=0.52317D-01
-0.216290 GO

=0.16143D 00 .
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QY

G.1l3844D0

FERVELCTOR

-0, 364700 00
-0, 192830 00
~0,165450~01
0.10000D0 01
0.772930-01
0.120370-01
0,698960 00
0.314270~-02
~0.145740~-01
0.2154% 00
-0.187900 00
0.20888D 00
~0.28011D 00
~-0,84326D 00
0.473370-01
0.136080 00
~0.77434D 00
~0.12462D0 00
0.91333D-01

_=0.117790 00 _
0.487750 00 .
_.0.340010 00_
~0.515200 00 .. _._ _. .

0.131780-07 . _
04

MODE 10

EIGENYALUE= 0,127
 FREQUENLY= 0.1

 EIGENVELTOR

3.558850 00
0.236750 G0
G.,174930 00
0.447063D~0%
~3,2756910 GO
~0.532520 00
~0,405840 0G

- =3.426500 00

-0.82736D0 00
0.448430 00
~0.331940 00
0306270 00
-0, 771500 0C
3.965360D-01
0.640640 00
0.100000 Gl
0:424500 00
0.51658D0-01

0.64176D 00 .

0.18277D GO

.. =0.12301D 00
_=0,53148D 00
 ~0.81419D 0C. ..

E

SGERYECTOR

0.9464010-08

0.163810 04

0,85620D
0.13134D
Dol4365D
0803430
0456170
0.267770
8,193210D
G.100C00
07486360
0.11349D
0.963230~01
0.571090-01
0.39232D 00
0.83%410-01
0.90840D0 0C
0.60816D QO
0.92474D 00
0.46578D 00
0.58334D0-01
0.72324D 00
0.227590 00

0
aeo
20
e

MODE

EIGENVALUE=
. FREQUENC Y=

i2

bl )

- . EIGENVELTOR

0.942120 00

0.46316D 00 .

~0. 197060 GO
G.11280D 00O
0.403500-01
Q. 398640-01
0.5073060~01
0.21403D0~-01
=~0.1312306-01
0.113920 00
<0, 155420 GO
0.53844D-01
=0.865600~03
0,80084D~01

| ~8.12647D 00

-~0.518240-01
~0.826240-01%
0.160270 00
0.186620-01
0.534850-01

 ~0.85352D-01

0.155020 GO
0.100000 01

_=0.721850 00

0.550780 00
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0.8002T0-CE .
0.177910 04

0.427030~00 ...
0.2%3550 ¢&

k4

_=0.T84580 €O ... 0.175690 00 " ~0e156260700 . oo . 5 3
o G.10000D0 01 0,299500 00 e wD.21267D-01 e« $.631720 g
0.750560~ 01 0.262920-01 - . s 293430=01 . = 03179700 3
. 0e161490-02 0.100000 0 I 0.22765D 00 0209608 00 e
T 0.283080-01 . - «,351310 00 — . 0.27546D-01 0,9648920 00 ) H
e =DlT731201D-01 . De4TLESB GO «0,324210-01% e =De133720 00 3
. =0.24CG070-01 . R . =0,4600490 00 . .. -0.52442D 00 - e e DL1T630GD D0
e =0.15722D 00 C 0.44%4270 00 0.58780D 00 o _=0.176630 00 )
0.941130-01 I ~(1,354710 00 ~0.50017D 0O - 0.439990-01
e m0.6%26TD702 oo 0.110640 0C 0.71663D 00 e =0e3956T0~01 . e
~0,25345D~01 . - ~(3,528430~01 -0.580750-01 . ~0D, 988890 0O M
. —0.839150~02 . 0.48938D-01 -~0.88201D-01 . . 0.204486D 00 e
0.4T4490-01 o st ~0,315320 00 0.998900 00 -0.,183330 00 L
o 0.266060-061 . 0.,232830 00 3 ~0.877340 00 o e =0.102786D 00 ey
i s 0128870 00 | e ~0.234100 00 0,100000 ©1 - 0.11295D 00 el
I .. =0.624320~0} _ _ _ __ 0.115320 Q0 m _ } -0.882180 00 __ . 0.69786D~01 N }
-0.862620~-02 . R . ~0.86856D 00 0.79118D 00 0.166760 GO
 0.477490-01 0.36201D 00 -0.285625-01 0.10000D0 0}
0.57294D-01 -0,429250 00 -0.511530-01 -0,29692D0 00
.. m0.13340D GO _ . 0.95350D 00 0.631700 00 B 0.159540 00
- .. =0.205210 00 -0.59608D 00 0.139970-01 -0.99331D 00 K
e 0e&809TD~02 __ 0.830930-01 ~ 0.215710-01 i B -0.360490 Q0 o
L =0.769030-01 i 0.,223970 00 0.13746D0~01 0.226130 ©0 .
R - . ’ . L .
N N oy -
[ S - -
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0e36677D-0¢
0.263520 04

0.F77140~01
0.94995D~01
010972001

~0.43661D
~0e16524D
0.19264D

. 0.38983D
_ ~0.32633D
0.19558D

00
00
00
Qo

00 -

00

PR s

~0.625140-01
0.693050~01
0.551550-01
-0.620C70 OGC
-0,222020 00
0.16115D0 00
-0.100390 00
0.300400 0O

=0.13370D-01

~-0.17335D0 00
0.100000 01
-0.927120-02
0.805700-01

' 0.,60604D-01

016662002
~0.849350 00
~0.350240-03

0.276370-01
~0:,322920~-02

[A 3@3(3}.5*‘0;.
~0.364390~01

G.100G00 01
=~0.433160-01
=0.5645660~-02

0.615870~01

G.191300-01

0.332300-01
=0.533220~01
-0,869580 GO
~0,151800~-01

0.424150~01

0.166630~01
0.,120440~01

. =~0.117540-01
. =0.1%3230-01

G.297640 00
0.71438D 00
~0.198720 00

050518001

C.183490 00
=0.119640 QO
~0.159250 GO
=0.79753D GO
~0.234520 00

0.299450 00

0.804520-01
-D.26171D 0C
=~0.17214D 00
~0.687520-01

0.100000 01

0.56965D 00

0e17461D 00
~0.373510 0O

-0.358090 00

A

A gt v 4 = e v

D.212650 QO
0.237740 G0
0.295930~01
~0. 510460 00
=0,539550 0O
$.100000 01
0.547870 00
09.209310 00
=0.4%6119D0 00
=0, 820180-02
=0.266870~01
=D. 570700 CC
0.474850 00
-0.632240 00
=0.199350 00
0.474290 00
0.508510 00
0.570310 00
0.12768D 0Q
~0.976660D {0
~0.339390 00

. =0.290250 00

-0.232190-01
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0.23109D-CE EIGENVALUE= 0,195880-08
0.33108D 04 __ _ FREQUENCY=  (0.359610 0%
. EISEMVECTOR
0.16070D 00 . . .. .. ~0.147260 DO
_ 0.111050 00 __ __ . =0.15537D 00
0.39997D-01 0.1556405-01
B ~0.273350 OC ____ 0129750 00
~0.370920 00 0.41279D 00
©.290100 0G _______  0,10000D 01
0.10G00D0 01 _ ~0.268090 00
0.173680 00 __ . =0.35038D 00
-0.759760 00 =0, 456360 00
-0.93238D0 00 ___ _ -0.8886450-02
~0.894650 QO 0.307510-01
m . §,901020 00 . .  =0.644420~01
i 0.940500 00 _ . _ 0.217330 00
0.972570 00 . _ . 0284540 00
0.1675%0 00 . _. 0.823270 00
-0.82711D 00 0.459430 00
- P - - -
: -0.253500 00 - -0.135480 00
.. =0.36347D 00 N -0.473790 00
0.28806D 00 o -0.805500 00
.. 04166000 OC . _=0.471100 00
T 0.156330 00 0.19256D0 00
e 04362600-01 _____ . 0.38960D 00
e . . =0.62806D-0L._.. .. . 0.177520 00
Lo

HOdE 22

F’?/@uwc 2.3.3 (Cz:-’?:’lj}

N et ey Mt A W g

MODE 23

EIGENYALUE= 0.1424600-08
FREQUENCY=  0.42147D 0%
EIGENYELTOR

=0, 670T0D~01

~3.689970-01
2.166480-Q1%
0.843490-01
0.256190 00
0464350 00
-0.351610 00
=0.903560 Q0
=0.478490 00
0.228390 CO
0.604630 00
0.100000 01
0.422080 GO
-0.365030 00
~-0.89993D 00
~0.515740 00

0.923310-01
0.274830 00
0.450590 00
0.11486D 00

A b, e ade i

-0.823460-01

-0.158030 00 _ __ 3

-0.,698620-01 - «
e —— e ) e e e et —— s s e
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Table 2.4.1

Quad IIT LM~10 Vibration Environment Qualification Levels

1. Launch and Boost Phases
a. Random (all axes - duration 1. 0 min/axis)
20~40 hz +12 db/oct
40-85 0.030 g2/hz
85-110 +6 db/oct
110-400 0.050 g%/hz
400-450 -6 db/oct
450-1100 0. 040 g2/hz
1100-2000 -12 db/oct
b. Sinusoidal Sweep (all axes)
5-12 .2 1in, da
12-100 1.4 g. peak
Sweep: 5-100~5 hz
Rate: 3 oct/min
c. Sinusoidal Dwell (all axes-duration 10 sec)

6 hz 1.5 g-peak

2. ILunar Descent Phase
a, Random (all axes~duration 12. 5 min)
2
20-2000 0.005 g~ /hz

Page 52 of 113
11 January 1971
1936

NCOTE: Levels specified are to the GAC interface points in the LM.
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3.0 Computed Responsecs
3.1 Responses of OQut of Plane Model of Both Arrays
T Yy

The response at each lumped mass location of the out-of-plane model of both
arrays was calculated to the sine environment and to the random cnvironment.
Transmissibility, sine response, and random response at five location on the
experiment are shown in Figure 3.1.1 through Figure 3.1.5. The random re-
sponses shown are responses to the "Liaunch & Boost Environment'. The "Lunar
Descent' random environment gave responses that were in all cases less severe
than responses to the L,&B environment. Out-of-plane responses are summarized

in Table 3.1.1.

The most severe response was found to be at the center of the right edge of
the small array, lumped mass location 27 of Figure 2.1.2. The response to the
7.& 8 random excitation at this location is shown in Figure 3. 1. 6. This response
has a root mean square value of 15. 87 g, giving a 3~sigma peak value of 47. 6 g.
Thus, the greatest acceleration perpendicular to the plane of the arrays likely to
be seen by a corner reflector mount is 47.6 g. The greatest power spectral density
of this response is in the frequency range between 100 and 400 Hz. If the corner
mount design can survive sinusoidal vibration well in excess of 47 g peak perpen-
dicular to the array face, then the corner mount design is of sufficient strength in

this direction.

Response at the 3 independent attachment points between the arrays deter-
mine the vibration levels secen by the upper array. An envelope enclosing the
responses at all the attachments could then be used for testing the upper array by
itself. The three responses were superimposed and a suitable envelope’reduced‘
by a factor of 1. 69 to acceptance levelyis shown in Figure 3.1.7.

[

.2 Response of the In Plane Model

Responses in the six coordinate dircctions of the in planc model (coordinate
directions shown in Figure 2. 2.1) are shown in Figurc 3. 2.1 through 3. 2. 6. Re-
sponse of the angular coordinates Gl and 0, are given in "pseudo g' units
frad | _1 . These responses are summarized in Table 3.2.1
2 386 ‘ -

(&)

secC

The worst vibration level seen in-plane by a corner mount will occur along
the edge of one of the two arrays. The response will be the sum of translational
responsce of the center of gravity plus the rotational responsce aboul the c. g. times
the distance to the cdge from the ¢. go . The maximum responsces al corner loca-
‘ions on both arrays to excitalion in the X and Y dircetions afre shown in Table 3.2, 2,



ig FIGURE 3.1/ A4

Page 55 of 113
11 January 1971

#936

FREQUENCY RESPONSE OF LR3 300,

TRANSMISSIBILITY

- LOGCATION 2

30 D.F.MODEL

L0
L~

£ =

[QV LS

S D

s ot

-
€

ﬁ"m e
ity
L

e

[Asle

(=
-

TRANSMISSIBILI
0

[ap 2
L
[
[4als
-

)

10" 2 3

A
v

10

NI~

[ T

S etn

[ 5

foy 2=

-~J—

Q0

1

¥ { i T
2 3 456

10°

1

0’

189
FREQUENCY (HZ)

w-

o

Y-

[¢) 0

~J~

Q-

o~

10"



i

S

i

G

vk
[}

0

RESPONSE

Page 56 of 113
11 January 1971

#936

FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL
FIGURE 3././ B SINE RESPONSE
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FREQUENCY RESPONSE OF LR3 306°°°30 D.F.MODEL
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FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL
 FIGURE 3,28 SINE RESPONSE
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FREQUENCY RESPONSE OF LR3 300,
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FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL

FIGURE 3/3 8 SINE RESPONSE
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FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL

" FIGURE 3/44 TRANSMISSIBILITY
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FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL
- FIGURE 3/4 B SINE RESPONSE

LACATION 21

RESPONSE
2

10" 2 3

10" 2 3 u567891CF 2 3 US56789
FREQUENCY (HZ)




Page 66 of 113
11 January 1971
#936

FREQUENCY RESPONSE OF LR3 300, 30 D.F.MODEL

FIGURE 3/4C

RANDOM VIBRATION SPECTRUM

LOCATION

21

Ao i B L Ll}

- 10.7460G-RMS

(Gxx2/HZ)
10’

4L 12 Al

)-—
’——
ip
z g
Lt
23 |
oo -
—
L0
L
0- -
w )
Co
KD
[ -
o ]

.

(?

(o

Of 2 3 us567891(F 2 3 4s567884(0° 2 3 4 56789

FREQUENCY (HZ)



Page 67 of 113
11 January 1971

#936
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TABLE 3.1.1
SUMMARY OF OUT Cr PLANE RESPONSES

Location Maximum Sine Resp. Random Resp.
(See Fig. 2.1.1 & 2.1.2) g's peak g's RMS
1 1.4 10.9
2 2.6 5.6
3 2.0 5.7
4 1.85 8.2
5 2.0 6.1
6 2.5 8.3
7 2.5 - 6.8
8 2.8 6.4
9 2.7 9.7
10 3.2 8.4
1 3.2 7.0
12 2.9 7.2
13 3.2 7.9
14 4.0 1.7
15 3.3 5.8
16 2.0 6.5
17 4.4 8.0
18 4.5 6.8
19 2.0 6.3
20 3.5 9.7
21 5.7 10. 8
22 3.5 8.4
23 4.1 7.1
24 6.3 11.9
25 4.4 7.8
26 6.5 14.0
27 6.7 15.9
28 4.3 6.9
29 6.2 11.4
30 3.8 8.4
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FREQUENCY RESPONSE FOR LR3 300,6D.F. MODEL
FIGURE 32/8 SINE RESPONSE
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FIGURE 3.2.I1C RANDOM VIBRATION SPECTRUM
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FREQUENCY RESPONSE FOR LR3 300,60.F. MODEL
FIGURE 322 4 TRANSMISSIBILITY
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FREQUENCY RESPONSE FOR LR3 300,60.F. MODEL
FIGURE 322.83 SINE RESPONSE
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FREQUENCY RESPONSE FOR LR3 300,6D.F.
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FREQUENCY RESPONSE FOR LR3 300.SD.F. MODEL
FIGURE 3234 TRANSMISSIBILITY
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FREQUENCY RESPONSE FOR LR3 300,60.F. MODEL
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FREQUENCY RESPONSE FOR LR3 300,6D.F. MODEL

FIGURE 3.2.44 TRANSMISSIBILITY

LOCATION 1
6 XY RESPONSE OF LOWER ARRAY -V EXC/TATION

N -~
Q0
e nd
O 4
L) ey

10"

TRANSMISSIBILITY
y
L

o’

1

-
0
L) -
T

O° 2 3 US567891QF 2 3 us67881Q’ 2 3 us567834(
FREQUENCY (HZ) o




Page 83 of 113
11 January 1971

#936
FREQUENCY RESPONSE FOR LR3 300,6D.F. MODEL

FIGURE 3245 RANDOM VIBRATION SPECTRUM

LGCATICN 1

© Y RESPONSE OF LOWER ARRAY =Y EACITATION

7 3.7173 G-RMS
N
T -
~
D
X
X -
o
—
’——
R
1%
=z
L
- o)
R
a
I —
,_'_ e
u —
Lt
Q-_ -
"
0
LLJI
< 2
o
a3
]
? N B
o)
1 1 (NS S R N GRS (N 0 N
of 2 3 dse783i® 2 3 usev78s1g® 2 3 us67831(

7881 0
FREQUENCY (HZ)




Page 84 of 113
11 January 1971
#936

FREQUENCY RESPONSE FOR LR3 300,60.F. MODEL
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FREQUENCY RESPONSE FOR LR3 300,6D.F. MODEL.,SEPT

FIGURE 325 B SINE RESPONSE
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FREQUENCY RESPONSE FOR LR3 300.,60.F. MODEL

FIGURE 3.2.5 A RANDOM VIBRATION SPECTRUM
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FREQUENCY RESPONSE FOR LR3 300,60.F. MODEL
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FREQUENCY RESPONSE FOR LR3 300,.60.F. MODEL

FIGURE 2.6 C RANDOM VIBRATION SPECTRUM
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EFxcitation
Direction

Array

Upper

Lower

Upper

Lower

TABLE 3.,2.1

SUMMARY OF IN PLANE RESPONSES

Coordinate
Direction

O X D D~ X

U

Max Sine
Resp. (g's peak)

3.28
. 215 5
1.84 x 10™“ pseudo g's

-1.57

.512
1.91 x 1073 pseudo g's

7.31 x 1072
1. 64
1.56 x 1072 pseudo g's

1.55 x 1072
1.54
-3
3.86 x 10 ~ pseudo g's

Ramdom Resp.
(g's RMS)

7.00
3.09
.235 pseudo g's

. 247 pseudo g's

.653
10,67
. 611 pseudo g's

3.71
9.43
. 859 pseudo g's

9€ 6

1L61 Axenuel [T

€11 Jo 06 @8ed



HO. — . g
LRRR 300 Coriier Array
Dynamic Analysis PAGE oF
DATE
TABLE 3.2.2
Excitation Translational Rotational Distance Totals
Direction Array Response {grms) Response rad To Edge (in) Resp. (grms)
2
sec 386
X Upper 7. 00 . 235 6.5 7.16
Lower 9,32 , 248 12.9 9,82
Y Upper 10. 67 .21l 10.9 12,5
Lower 9,43 . 8§39 10.9 13.3

. : 2 )
*Total Response :/Translational Response + (Rotational Resp. X Dist. to Edge)z

9¢6 4

1L6T Axenuef [[
€11 3o 16 @8ed



NO. REV. NO.
936

I.RRR 300 Corner Array
Dynamic Analysis PAGE 92 op 113

reteme Division DATE 1] January 1971

This table assumes that maximum responses in translation occur at the
same frequency as maximum rotation responses, a conservative assumption.
The table indicates that the maximum responses at a corner occurs along the front
and rear edges of the large array. The root mean square response along these
edges is 13.3 grms giving a 3 sigma peak value of 39.9 g. The peak power
spectral density of the response occurs at about 400 I1z. Thus a corner mount
design that will survive a sinusoidal vibration environment well in excess of 40 g
peak in this frequency range is an adequate design.

In order to test the upper array alone,vibration levels in the plane of the _
arrays at the attachments between the two arrays were calculated, Since the test
set up required the upper array to be tested with translational vibration only, the
vibration spectrum on the lower array under the c.g. of the upper array was
found. Due to the proximity of the centers of gravity of the two arrays and the
relatively low levels of the rotational responses at the lower array c.g. , the
response under the c.g. of the small array due to rotation of the large array could
be neglected. In order to simplify the test set up, the responses due to X and Y
excitation were superimposed to give one set of test vibration levels for both the
X and Y axes. The test envelope levels, reduced by o factor of 1. 69 to acceptance
levels,are shown in Figure 3.2.7.
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Figure 3.2.7
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NO. REV, NO.
936

e

LRRR 400 Corner Array
Dynamic Analysis

pace 94 _ or__113

OATE 1] January 1971

3.3 Responses In Off-1.0aded Condition

Response to the LM Quad III vibration environment for the LRRR in
the "off-loaded condition" were calculated perpendicular to the plane of
the array using the model of section 2.3. Responses of several locations
on this model are shown in Figure 3.3.! - 3.3.5. The responses for the
experiment in this condition are seen to be slightly reduced compared to out-
of-plane responses of the lower array with the upper array in place.

In-plane responses of the lower array alone were not calculated.
This is justified since in the plane of the arrays the upper array adds no
stiffness to the lower array but does mass load the lower array. Since the
random excitation spectrum is almost flat in the region of the natural fre-
quencies of both cases, larger loads on the LLM interface fittings will be
experienced with the upper array connected.

4.0 Dynamic Loads & Deflections
4.1 Method of Calculation

Dynamic loads on the structure were calculated using the out-of -
plane model of the two connected arrays. The in-plane model gives dynamic
loads on the interface fittings, hinges, and clevis {ittings. The loads used
in designing these fittings were so conscrvative that any conceivable dynamic
load produced by the dynamic environment will be easily survived. Dynamic
loads with the upper array removed will be lower than with it attached since
mass loading induced by the small array is large compared to the amount of '
stiffness the small array contributes to the lower array.

The acceleration response at each lumped mass location, the stiffness

matrices for each array, and the transformation between coordinates local to
each array and coordinates of the whole system determine the dynamic loads

on the system. -
O
3

Let [K] - | ©O 38

- 38—

Where[K ]&(‘Kulare as previously defined

L
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LRRR 300 IN THE OFF LORDED CONDITION 23 D.I
FIGURE 3.3./ B SINE RESPONSE
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LRRR 300 IN THE OFF LOADED CONDITION 23 D.f
FIGURE 3.3/C RANDOM VIBRATION SPECTRUM
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LRRR 300 IN THE OFF LORDED CONDITION 23 D.F
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LRRR 300 IN THE OFF LORDED CONDITION 23 D.F
FIGURE 332 A8 SINE RESPONSE
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FIGURE 33.2C RANDOM VIBRATION SPECTRUM
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LRRR 300 IN THE OFF LORDED CONDITION 23 D.F
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LRRR 300 IN THE OFF LOADED CONDITION 23 D.F
" FIGURE 333 8 SINE RESPONSE
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FIGURE 33.3C RANDGM VIBRATION SPECTRUM
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LRRR 300 IN THE OFF LOARDED CONDITION 23 D.F
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LRRR 300 IN THE OFF LOADED CONDITION 23 D.|
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LRRR 300 IN THE OFF LOADED CONDITION 23 D.F
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LRRR 300 IN THE OFF LORDED CONDITION 23 D.F
FIGURE 335 B SINE RESPONSE
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FIGURE 33.5C RRANDOM VIBRATION SPECTRUM
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The K matrix is 38 x'38. As cxplained in Section 2.1 the K matrix
is reduced in size to correspond to the sclected 30 coordinates by the

transformation
T ] .
K =1 8] IK] Ip ]
KS is shown in Figure 2. 1. 8.
[ B ]: The coordinate transformation matrix as previously defined

The internal loads on the structure and associated displacements can
be determined from the following relations: :

Py = IKTlpl IK]T (@) (@

W
~—

(s} = [pl [ {Q) (

Where {P} is the internal load vector, {S} is the displacement
vector

The next step is to compute the load vectors, {Q}, resulting from
the dynamic environment.

4.2 1.oad Vectors

The expression for the load vectors, Q, for the random environment

is
T
(@] = [M ][4]
[ M] = Mass matrix (Figure 2.1.5)
[ A] = A diagonal matrix composed of local rms accelerations as

previously computed




NO. REV. NO.

9134
LRRR 300 Corner Array

Dynamic Analysis

race __111 or J13

DATE 11 January 1971

Random L.oads

When the Q% column vectors have been determined, they are
substituted into equations (2) and (3) to compute the internal loads and
displacements on the arrays. [or the random case the rms internal
loads and displacements are computed for each mode giving 30 sets of
rms values at the 38 coordinate locations. Then for each location the
30 modal rms values are combined by taking the square root of the
sum of the squares of the 30 values, thus reducing the number to 30 load
and 38 displacement values.

Sine Loading

The load vectors, {Q} , are again formed by equation (4), but real
and imaginary steps are computed separately and combined into one load
vector for each frequency where a relative maximum sine response at
any location occurs.

For the sinusoidal environment case, there is only one {Q} vector
per frequency selected and each one will produce a set of internal loads and

displacements.
4.3 Discussion

Application of these procedures to the out-of-plane model results in
load and deflection scts due to the random excitation shown in Table 4. 3.1
L.oads due to sinusoidal environment are all less than the 3-sigma random
values obtained by multiplying the Table loads by 3, and are therefore

not shown.

To calculate rcactions at the LM interface fittings, the dynamic loads
at each mass location on the lower array were applicd to the "rigid grid" model
of the structurc as a static load case. The reactions at the filtings were
calculated by the program. The largest reactions were ohtained for the
random excitation casc. These reactions are listed in Tanle 4, 3. 2.
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Fitting

Rt, Front
Rt. Rear
L. Front

L. Rear

TABLE 4.3.2
VERTICAL REACTIONS
AT LM INTERFACE FITTINGS

RMS Load (1b)
142
156
226

144

Feak Load (1b)
426
468
678

432
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