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1.0 INTRODUCTION AND SUMMARY

This ATM presents the results of the dynamic analyses performed
on two different versions of ALSEP Array E - Subpack I. One version
contained the Lunar Surface Gravimeter (LSG) experiment, among others,
while the other version contained the Passive Seismic Experiment (PSE)
in place of the LSG,

The analysis was undertaken to obtain an early estimate of the ex-
periment dynamic“environments and dynamic loads in order to compare
these with previous Subpack I arrays. While the previous SP-1 array basic
structures were similar to Array E, the experiments involved were quite
-different. Thus it would be expected that the Array E SP-1 vibration levels
would be similar to previous arrays but would differ in detail for the same
ALSEP vibration environment from the LM. However, the random vibra-
tion from the LM was also increased somewhat, and these effects are ac-
counted for in the analysis.

Dynamic analysis of the LLSG revealed internal resonances which could
best be avoided by mounting the experiment on shock/vibration isolators. Such
isolators are included in the mathematical model of the subpackage used in
this analysis. Details of the models associated with the LMS given in this
report are for the arrangement without the rubber grommets.

The LSP geophone package is considered hard mounted to the brackets
for this analysis, although this is only an approximation. Part of the package
is suspended in foam in the direction perpendicular to the plate. Thus the
calculated L.SP results are somewhat severe.

The analysis models and modeling techniques are given with a brief
description of the computer program inputs. This is followed by the computed
results such as the natural mode frequer.cies and the plotted output responses.
Finally, the subject of dynamic loads is discussed and some comparisons are
made with the 20g ''quasi-steady-state' load factor assumed for design pur-
poses.

All tables have been grouped together and all figures have likewise
been grouped together to facilitate the location of the data.
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In general the computed responses agree reasonably well with com-
parable previous Subpack-I measured results.

2.0 ANALYSIS MODELS

The system mass properties used for the analysis were taken from
Reference 1 and are repeated in Tables 1 and 2. The experiment packages
were regarded as rectangular or cylindrical masses of the proper dim-
ensions and weight but with assumed uniform mass density. The masses
of the sunshield and thermal plates were distributed throughout the system.
The thermal plate electronics masses were concentrated near their c. g.
locations and assumed to have negligible height.

The complete assembly is shown in Figure 1, and the arrangement
of the packages on the plates is shown in Figure la for the sunshield components
and in Figure 1b for the thermal plate components.

In the alternate arrangement subsystem packages are the same except
that the PSE is substituted for the LLSG and one more package is included
on the thermal plate for the PSE electronics. These arrangements are shown
in Figures 2a and 2b for the sunshield and thermal respectively.
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The mass and dimensional characteristics of them'rnaj-or sunshield
components are shown in Figures 3-6 for the LSG, LMS, LSP and PSE

packages.

Allowing all degrees of freedom to the experiment packages but X-direction
only degrees of freedom to the thermal plate packages results in a 32 D.O. F,
system for the LSG version and a 30 D.O. F, system for the PSE version.
These degrees of freedom are listed in Table 3 and are the generalized
coordinates of the two versions.

Figure 7 gives a listing of the computer programs used in the pre-
- sent analyses and a listing of some of the assumptions involved.

2.1 Stiffness Matrix

The stiffness matrix for the generalized coordinate system was
evolved from the element stiffness matrices by the transformation

(K, = (81 T[x] [ B) | @

where the matrix [ B] is the matrix relating the subsystem coordinates to
the generalized coordinates, i.e.,

{s} = [B] {aq} (2)

the matrix {S} elements are listed in Table 4a for the LSG version and
in Table 4b for the PSE version.

¥

The matrix [ K] is made up of subsystem stiffness matrices which
are connected together by Eq. (1). The sub matrices of [K] are shown
in Figures 8 & 9 for the two versions. The [ B] and [ K] numerical values
are given in Appendix A Figures A-l through A-4.

The subsystem stiffness matrices were computed by means of the
EASE structural analysis program. The thermal plate and sunshield plates
were divided into about 75 and 100 triangular finite elements respectively.
Subsystem attachment nodes were given unit loads to develop the flexibility
influence coefficient matrices.

The brackets were also modeled as plate elements making up the flanges,
bases, and tops. Also, since the lateral forces due to the subsystems are being
considered at the at the top of the brackets, but the base motion is at the
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bottom of the brackets, the rigid body forces will tend to deform the plate and
give the bracket top more lateral flexibility than just the bracket flexibility

as determined by the EASE program. This type of analysis gives the addi-
tional "u" deflections associated with the three main subsystems in the | B]
matrix, and it gives the lateral stiffness matrices for these subsystems in
the large [ K] matrices.

2.2 Mass Matrix

The mass matrix in generalized coordinates was developed from
the c.g. mass data of the components involved. This transformation is
as follows:

T
[M]q = [C] [M]q[C] (3)

where the mass matrix [ M] is the diagonal matrix of c.g. mass character-
istics and the matrix [ C] is%he relationship of the c.g. coordinates {p}
in terms of the generalized coordinates {q}

{p} = [c] {d} | (4)

These matrices are given in the Appendix as Figures A-5 through
A-8.

2.3 Forcing Matrices and Input Levels

The forcing matrices are functions of the base acceleration and
the transformed mass matrix as follows

Foreind_[o17 (M), g}

where the matrix {po} is the column matrix of applicable base motion
coordinates, i, e., Xo’ Yo etc. depending on the excitation direction,

The input levels (design limit) at the LM interface are shown in
Figures 10 and 11 for sinusoidal and random vibration respectively.
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3.0 COMPUTED ACCELERATION RESPONSES

The computed responses at various points throughout the structure
were obtained for each version of the Array E and are presented in the
form of curves of transmissibility, sine response and random vibration
response as well as Tables of RMS values of accelerations at various
locations.

Initially the normal mode shapes and natural frequencies were
calculated resulting in 32 mode shapes and natural frequencies for the
LSG version and 30 mode shapes and frequencies for the PSE version.
The many numbers involved here are reduced to those of Table 5 where-
in the frequencies are listed along with the largest responding coordinate.

These natural frequencies are in the general range of previous
Subpackage-1 natural frequencies as would be expected. The lowest
plate mode frequency of about 50 Hz appears in many previous test re-
sults. '

The other resonant frequencies are all associated with a particular
motion as indicated in Table 5. The highest frequencies in this dynamic
model are around 1300 to 1400 Hz; thus no computed response occurs
much past these frequencies.

Computed frequency responses for sine and random inputs were
obtained for most of the generalized coordinates, and in an effort to re-
duce the quantity of data presented many of the response curves are pre-
sented in one figure. Tables. of overall G-RMS responses are also pre-
sented for easier comparison. These values have been selected from
the response curve value or were obtained by averaging two or three
sets of values for one package. Tables of G-RMS values are presented
in Table 6 for the LSG version and Table 7 for the PSE version,

A damping factor of 10% of critical viscous damping was used in
all modes except the ones involving the LSG resonances where 15% was
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used. This will tend to be on the conservative side since previous Sub-
pack-1l tests have indicated somewhat higher damping. Another factor

not in the analysis is the pin clearances at the LM interface. This reduces
the actual transmissibility from the shaker to experiment subsystems

in the measured results, particularly in the lateral directions Y & Z and
at high frequencies, giving slightly more conservatism.

Response curves that are included in this report are presented in
the coordinate number order so they can be located using Table 3 and/or
Figures 1 & 2. A typical set of curves for a given coordinate response
might consist of the in-axis transmissibility and sine response, and the
combined random responses due to the in-axis and the cross axis excita~
tions. Also shown on the sine and random response figures are the design
specification values from Reference 2. For the random vibration spectrums,
the in-axis response curve is presented as a solid line. The numerical
value on the upper corner of the grid is the in-axis G-RMS value.

Details of the computer program used in the analysis are given in
Reference 3. ‘

Most of the curves presented were calculated for the LSG version,
and, unless the computed responses for that location in the PSE version
were appreciably different, the PSE version curves are not presented in
this report. Unless noted, then, the curves of response for the LMS,
LSP and other locations can be considered to apply to Array E, SP-1
versions.

3.1 Computed Responses at Specific Locations

The response curves are presented in successive numerical order
for the generalized coordinate number designated as 'location' on the
curve. For the LSG version these are Figures 12 through 30 and for the
PSE version Figures 31 through 33. The LMS was hard-mounted to its
brackets in all the calculations except the ones so designated in the LMS
response curves. These are the cases where the rubber grommets were
included in the analysis. There was little difference in effect on other
subsystem responses.
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LMS responses are given in Figures 12, 27, and 28 & 29 for the
X, Y, and Z axis responses. Some peak values for the random launch
and boost responses exceed the specified value curves in amplitude but
the overall rms response value is still fairly low. The effect of the
rubber grommets is to lower the natural frequencies and the peaks
somewhat with the largest effects occurring in the Z axis. Here the
largest in-axis peak response (Figure 28c) is decreased appreciably
(Figure 28c*). This is at the top of the bracket at the single attachment
point end, w2. A decrease in levels also occurs at the large bracket
end, w], as shown in Figures 29¢c and 29c¢*. Use of the rubber grommets
will apparently decrease the vibration environment of the LMS appreci-
ably.

Responses of a point near a center boyd bolt and some of the
C/S/E equipment attachments are shown in Figure 13. A predominant
effect here is the lowest frequency '"drum-head' or plate mode around
54 Hz where the launch and boost random level has a high peak. Again,
the rms value is low (2. 37 g-rms).

The computed x axis responses of a point on the sun shield beneath
the LLSG are shown in Figure 14. This is a point with relatively small
mass.

LSP responses are shown in Figures 12, 26, and 30 for the X, Z,
and Y axis respectively. The x-axis responses are within specification
limits, even with the rigid body assumption for the LMS package. However,
the Y and Z random responses indicate that high frequency modes cause
transmissibilies of one or more, generally, across the spectrum (See
Figure 11). :

It would be expected that the test response spectrums at the geo-
phones will be less than indicated here since the geophones are mounted
in a soft foam in the X direction and supported by a "rigid'" foam in Y and
Z directions.

Random responses only are shown in Figures 16 and 17 for the
other two center boyd bolt locations which are the connection points between
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sun-shield and thermal plate. These responses also form part of the
response for the electronics packages below. There is considerable
higher frequency response at 500 Hz and up, and the cross axis responses
are sizeable.

Figure 18 shows the random response spectrum for the LSP
electronics package on the thermal plate. This and the four part Figure
19 (for one of the transmitters) are typical of the thermal plate package
responses.

The L.SG responses are presented in the six Figures 20-25. In
this case isolators in all three axes are used between the bottom of the
package and the sun shield. Thus the lowest mode frequencies in the
system occur for this subsystem, i.e., 31.0 and 43.4 Hz. The largest
dynamic deflections will likely occur for this package also. The motion
responses were calculated for both the LSG, c.g. Figures (20-22) and
the bottom corner responses Figures (23-25) just above the isolator
attachment. In general the high frequency responses are attenuated as
planned and the sine responses in the Y and Z directions for the c.g.
(Figures 21b and 23b) respond at the lowest frequencies. The overall
rms responses to ramdom inputs are all quite low even though an
occasional peak value (Figure 25c) exceeds the specified curve level.

The LSG isolators were selected on the basis of the work dis-
cussed in Reference 4 wherein the responses of the c.g. when excited
by the specified levels of Reference 2 are presented. The corresponding
curves in the present report are those of Figures 20-22 as mentioned pre-
viously, and comparisons reveal that the presently computed levels are
all appreciably lower than those of Reference 4 which were considered
to be a satisfactory environment for the LSG.

The final set of response curves presented is for the PSE version
of Subpack-1. These are Figures 31, 32, and 33 for the X, Y, and Z
PSE package responses as calculated at the bracket/experiment interface.
The overall responses indicate that the input levels from Figure 11 are
attenuated, but there the usual peak values of power spectral density
occurring at the system resonances. As stated earlier, only the PSE
response curves are presented here for the PSE version of Array E
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since the other computed locations did n:Jt differ largely from the same
location in the LSG version.

The computed PSE response curves have been compared with
some of the Subpack 1 Qual test data and found to be of the same order
of magnitude in RMS value and to have a similar shape at the low fre-
quency end. The previous test result curves are presented in Reference
6. Of the three sets of test data, Qual C data is the closest to the pre-
sently calculated responses. Overall the PSE should not see a more
severe environment in Array E than it has been subjected to in previous

arrays.

In general there are no unusual or severe vibration response pro-
blems indicated by this analysis. The results are in general agreement
with previous Subpack 1 test results although in two instances, the LSP
Y and Z responses (Figures 26 and 30), the fairly large deviations of the

PSD peaks from the specified curve indicate that these points should be
monitored during the Engineering Model testing in order to determine
if this level of high frequency response actually exists,

4.0 DYNAMIC LOADS

The internal loading in the structural assemblies were calculated
by a process of inserting the product of mass and acceleration into the
original stiffness matrix and computing the internal loads and deflections
for the coordinates of Tables 4a and 4b. Details of the method of calcu-
lation are given in Reference 3. The objective here is to be able to com-
pare the loads with the ''quasi-steady-state'' design load factor assumption
of 20 g throughout the structure.

Calculations were made for both versions of the Array E SP-1
but only the LLSG version loads and deflections are included here. The
PSE version loads do not differ appreciably in those cases where direct
comparisons can be made.

A listing of the worst case loads due to x-axis sine excitation is
shown in Table 8. This occurs at 54.5 Hz. The highest lcads here are
indicated to occur at the LSP attachment points, ujg, ujyg upp w13, but
this is due to the rigid body assumption for this package. The loads shown
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here would be relieved somewhat by the package tab bending and the
racking deflection of the package.

A listing of the worst case Launch and Boost random loads and
deflections is shown in Table 9 for the LSG version. These are root
mean square values (one sigma) and should be multiplied by 3 to compare
with a 30 g load (20 g load factor x 1.5 factor of safety) at a particular
location.

Lunar descent environment loads are all less than those shown
in Table 9. The coordinate location numbers correspond to Table 4a.

An interpretation of the load figures of Table 9 is given in Table
10 where direct comparisons are made between the various subsystem
dynamic loads and the design load assumed initially.

For the first 3 subsystems, the LMS, LSP and LSG, the.loads
are those occurring at the top of the bracket at the experiment/tab inter-
face. The third column of figures is the root-mean-square (one sigma)
load value obtained at the coordinate location indicated in the first column.
The numbers are multiplied by 3 to obtain a 3-sigma load for comparison
with a 30 g ultimate design load factor at that location. For the LSP
and LSG, two brackets carry the computed load in the lateral directions
at each end of the package.

In the remaining cases, i.e., theantenna cable reel, electronics
packages, etc., the Table 9 load represents the load at the c.g. of the
designated package. These loads are in the X-axis direction only. Calcu-
lated loads in the Y and Z lateral directions for these components would be
about half the magnitude of the 30 g design load column figures.

An assumed design load factor of 30 g on ultimate in the present
case was a safe assumption throughout the structure as can be seen by
comparing the last two columns in Table 10. The last column figures
are 25% or more greater than the 3-sigma loads.




NO. REV, NO.

Array E Subpack I Dynamic Analysis ATM 989

pace 11 oF

DATE  5/24/71

5.0 REFERENCES
1. ATM 268 ALSEP System Mass Properties, 6 Nov 70.

2. Letter No. 9712-56, Array E Subpack #1 Subsystem Dynamic
Environment, 15 Oct 70.

3. BSR 3095 "Dynload'" An Integrated Dynamics and Loads
Analysis Program, March, 1971.

4. Letter No. 984-ME-007, Isolation of the LLSG from its
Vibration Environment.

5. ATM 832, ALSEP Qualification Design Limit Vibration Test
Data Summary, 27 June 69.




Array E Subpack I Dynamic Analysis

ATM 989

s ooz
2

EY. NO.

PAGE _12 oF

DATE 5/24/71

ALSEP ARRAY E WEIGHT ESTIMATE

SUBPACKAGE #1

Configuration
Prime Alternate
C/S and LSP/CSE 44,2 N/A
C/S and LSP & PSE CSE N/A 48.4
Primary Structure 9.0 9.0
Sunshield Assy/Sub/Fast 12,0 12,0
T/C Curtains 2.0 2.0
Boom .9 .9
PDM 1.0 1.0
Sunshield Extenders 1.0 1.0
Antenna & Cable 1.3 1.3
Antenna Mast .8 .8
Fasteners 1.0 1.0
LSG/Cable 26,2 N/A
LSP/Geo/Ant/Cable 11,2 11,2
LMS/Cable 22,7 22.7
PSE N/A 22.3
Miscellaneous 1.0 1.0
Total 134.3 1b. 134.6 1b.

TABLE 1



Array E Subpack I Dynamic Analysis

NO. REV. NO.

ATM 989 |

pacE -3 oF

pate 5/24/71

ALSEP ARRAY E
CENTRAL STATION ASSEMBLY
DETAILED WEIGHT BREAKDOWN (ESTIMATE)

Data Processor/Multiplexer
CMD Receiver

Diplexer Filter

Filter Switch

Transmitters (2)

CMD Decoder

PCU/PDU

Thermal Plate & Hdwe
Harness Assy

Thermal Bag

PSE Elect.

LSP Elect.

Miscellaneous (includes Ant. Cable)

4.20
2,50
1.00
1.30
4,20
3.20
8.00
9.00
2.50
1.50
4.20
4. 30
2.0

48.40 LB,

(44.20 LB, less PSE elect.)

NOTE: All weights are estimates based on previous ALSEP Models.

TABLE 2
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11
12
13
14
15
16
17
18
19
20
21
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TABLE 3
GENERALIZED COORDINATES
(REFER TO FIGURES 1 & 2)
LSG Version PSE Version
ul } R B2 E
uy | LMS 2 a2 I
ug Boyd Bolt Near LMS 3 uj Boyd Bolt Near LMS
uy Cable Reel 4 Uy Cable Reel
us Antenna 5 ug Antenna
uj 6 uy
up | BV 7w, % PSE
us LSG 8 u,
u, on Sun Sh 9 u,
uy 10 uj LSP-Geophones
u3 LSP 11 uy,
ug 12 u;, Boyd Bolt RCVR, DIPL
uji3 Boyd Bolt |[RCVR, DIPL 13 U3 Boyd Bolt 'RCVR, DIPL .
ujq Boyd Bolt [RCVR, DIPL 14 wujg4 PCU/PDU
U5 = PCU/PDU 15  ujs COM/DEC
ug ‘COM/DEC 16 uyg Thermal DATA/PRO.
uj7 | Thermal |[DATA/PRO. 17 wu;, \ Plate :DIPL/SW
u)g > Plate DIPL/SW 18 u;g ComponentsgLSP/E LEC.
uj9 { ComponentsLSP/ELEC 19 ujg XMTR,
uz XMTR 20wy, ) XMTR
uy] J XMTR 21 up; ‘PSE/ELEC.
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TABLE 3 (CONT)

LSG Version PSE Version-
22 u LSG o u LSG 22 A4
23w, at - viat 23 v, PSE
24 usg Isolators§ wiC. G. 24 w1 |
25 vy 0 25 v] o
26 w1 ; V1 26 ) } LSP-Geophones
27 vy LSP 27w,
28w } 28 v,
29 vy 29 Wy LMS
30 Wo LMS 30 vzrl,w3
31 w3

32 vy LSP
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TABLE 4a

SUBSYSTEM COORDINATES ARRAY E
SP-1 (LSG VERSION)

2 u, i 27 us o
3 u3  Boyd Bolt Near LMS 28 u,g
4 uy Cable 29 uy
5 us Antenna 30 Vi
6 u] 31 v
Bel LSG
7 uy eow 32 w) ?
8 us LSG 33 w3
9 " on Sun Shield 34 ul
| 4 1
10 uy 35 u% Isolators:
11 u, 36 uz Sunshield
12 us LSP 37 ui J J Connection end
14 Uy Boyd Bolt 39 w1 }
15 L Boyd Bolt 40 vy )
16 Uie 41 vy
17 LY 42 V3 ILMS
18 U 43 Wa
19 U9 44 W3
20 0 > Thermal 45 v2 LSP
21 Usy Plate 46wy }
22 Uss
24 u24
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TABLE 4b

SUBSYSTEM COORDINATES ARRAY E
SP-1 (PSE VERSION)

1 uy } LMS 27 | vy PSE
2w 28 vz Above
3 us Boyd Bolt Near ILMS 29 wy
4 uy Cable 30 W3
5 us Antenna 31 V1 -
6 uy 32 v, _\:ép'
7w PSE 33 w; { Above
8 uz | 34 w4
N 9 uy 35 \al
| 0 uy 36 \p) LMS
e LSP 37 Vs Above
12 us 38 w2
13 uy 39 w3
14 U, Boyd Bolt
15 uls Boyd Bolt
16 0
17 uy7
18 0
19w,
20 Usg > Thermal
21 Uyy
22 us, Plate
23 w3
24wy,
Y25
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TABLE 5

NATURAL FREQUENCIES AND RESPONDING MOTIONS

LSG Version® - | PSE Version
Freq. - Motion ﬁ‘?eq. P
(Hz) . (Hz) Motion
1, 31, LSG Rot* about Z axis 1, 53.3 Lowest Plate Mode X
2. 43.4 LSG Rot,about Y axis 2. 69.8 Th.Plate 21
3. 54,8 Lowest Plate mode X 3. 8l1.6 Th.Plate 14
4, 75.4 1LMS Z . 4, 88.6 Th.Plate 21
- 5, 82.0 Th.Plate 16, LSG X 5, 103  Th.Plate 15
6. 95.0 LSG X 6. 113 Th. Plate 19
7. 103 Th.Plate 16 7. 123 PSE Z (24)
8. 118 Th. Plate 19 8. 126 ISP X
9. 125 ISP X 9. 129 PSE Y
10. 132 Th. Plate XMTRS 10, 138 Th.Plate 20
11, 145 ISG Y 11, 145 Th.Plate 16, LSP X
12. 147 LSG Z 12, 161 Th.Plate 16, LMS Y
13, 152 Th. Plate 17 13, 171 LMS X, LMS Z
14, 162 Th. Plate 17, LMS Y 14, 201, Th. Plate 17, 20
15. 183  LMS X, LMS Z 15, 223  Th.Plate 17, 10
16. 212 ISP X l6. 241 Th. Plate 17, 9
17. 230 Th.Plate 18 17. 254 Th. Plate 17, 4
18, 256 Th.Plate 18 18. 283 PSE X
19, 259 LMS Rot. about X 19, 302 Ant. Cable X
20. 323 Ant, Cable 20, 347 PSE X
21, 385 Th. Plate XMTRS 21, 373 Ant Cable & 13
22, 399 Th. Plate XMTRS 22, 398 Th. Plate XMTR
23. 434 ILSP X 23, 421 Boyd Bolt 12
24, 460 ISP Y 24, 448 LSP Y
25. 496 Center Boyd Bolt 25, 475 ILSP X
26. 529 Antenna 26. 535 PSE Y
27. 640 LSP Rot,about X axis 27. 576 Ant
28. 769 28, 610  Boyd Bolt 13
29. 953 29, 640 LSP Rot., about X
30. 1153 Under LSG X 30. 1280 Boyd Bolt 12
31. 1277
32. 1411

% Rot. = Rotation
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TABLE 6

ARRAY E SP-1 VIBRATION ANALYSIS RESULTS
(LLSG VERSION)

ROOT MEAN SQUARE RESPONSE (G-RMS)

Input Axis X Y Z
Resp.
Subsys Axis L& B L. D. L&B L. D. L& B L.D.
LSG X . 1.94 1.34 .92 .70 1.38 1.04
@ Y .54 .31 2.32 1,73 .19 .14
BASE z .78 .48 .38 .27 2.08 1.48
LSG X 1.52 .32 . 63
@ Y 061 -81 916
.G, z .94 .15 .96
X 3,42 1.6 1.4 1.0 2.25 .9
LMS Y .98 .47 3.1 2.26 . 62 .37
Z 2.4 1.25 1.56 1.1 3.24 2.0
X 3.7 1.08 2.4 1.7 2.9 1.6
ésph Y 1.2 .52 5.1 3.6 5.6 2.8
eopa. Z 1.02 .49 3.9 2.65 7.3 3.8
Recvr X 3.4 1.7 2.1 1.4 3.9 1.9
c/D X 2.4 1.7 .9 .7 1.1 .7
Xmtr X 3.0 1.6 o7 .5 .8 .6
D/P
&
LSp X 2.4 1.4 .7 .5 1.6 1.2
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TABLE 7

ARRAY E SP-1 VIBRATION ANALYSIS RESULTS
(PSE VERSION)

Root Mean Square Response (G-RMS)

Input Axis X Y Z
Response
Subsystem Axis L&B L.D. L&B L.D. L& B L.D,
PSE X 4.0 1.85 1.72 1.25 1,87 1,07
@ Y 3.6 1. 60 2.7 2.00 0.88 0.46
Bracket Z 2.7 1,18 0. 56 0. 40 2.39 1,73
X 3.7 1.71 2.0 1.39 1. 66 0.92
LMS Y 0.96 0.44 2.78 2.05 0.8 0.49
A 2.5 1.21 2.16 1,53 3. 66 2.11
LSP X 3.3 1.70 2.36 1. 67 2.82 1,40
Y 1.1 0.47 4.86 3,44 5.85 2. 68
Geoph. A 0.73 0.35 2.54 1.72 7.78 3.83
Recvr. X 3.17 1.79 3.01 2.12 4,54 2.19
c/D X 2.3 1,73 0.42 0.33 0.99 0.81
Xmtr.: X 2.94 1.58 1.25 0.90 0.91 0. 62
DA/PR ’
& X 3.22 1.55 1.86 1.32 1,77 1.14
LSP/CSE
PSE X 2.2 1.59 0.17 0.13 0.9 0.77

Elect.




NO. g REV. NO.

ATM 989 |
Array E Subpack I Dynamic Analysis g

Pace 2 oF

oATE 5/24/71

TABLE 8
SINE LOADS AND DEFLECTIONS @ 54.5 Hz
Coord. ’ Coord.

No. Defl. Loads-lb, _No. Defl. Loads-1b.
1 . 0104 5.9 25 .02186 12.7
2 . 00762 19.7 26 . 016397 ~-61.4
3 . 02565 182.9 27 .024985 110.9
4 . 01022 7.5 28 . 02572 152.5
5 . 00462 2.6 29 . 017135 67.4
6 . 02564 -52.1 30 . 001213 10.8
7 . 0083 1.12.2 31 . 001213 10. 8
8 . 00279 153.5 32 . 002764 24. 5
9 . 006997 68.5 33 . 002764 24.5
10 . 01598 178. 34 . 02564 61.4
11 . 002115 -172, 35 . 008307 -110.9
12 . 00861 197. 2 36 . 002794 -152.5
13 . 02305 ~147,3 37 . 006997 -67.4
14 . 02372 75.9 38 . 000784 36.
15 . 02186 38.3 39 -.000113 0.5
16 . 027575 38.3 40 -. 00396 -41,5
17 . 02949 27.2 41 -. 003578 -14,5
18 . 0369 37. 4 42 -. 003197 ~44, 5
19 . 02449 5.4 43 -. 006975 16. 1
20 . 01541 15.4 44 -, 00881 -115,7
21 . 014259 5.4 45 . 000782 35.8
22 . 01053 4.3 46 -, 000112 0.6
23 . 03587 -4, 2
24 . 02372 -57. 6

{(1L.SG Version)
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DEFLECTIONS

b4

V. 2C2TH1HE-T2
0. 1503253€6~-72

De 153 T904E-0G2
Lo IGELSTBE-LI
L. £4327728-C2
De 26L4GRIE L2
L+ €EFT6S61E~-03
C.1282€21E-C2
e BET4]132E L2
Ba 576 CHLIE-03
€ L.2109321£~€2
To SZOCIBDE~L2
1¢ €.5%393 73t ~L2
1% C.450E2T11-02

W Ry e

16 C.5586452E-02

17 Da4€32459E~02
18 C.87G15€2£8~02
19 0.%232275¢-02

T2 C.35Tes3ET-02

231 C.273€£17E~C2
<¢ To2045253E-02
23 0.6615€19F-02

| 24 0.5935178£-C2

RE L. 4%0E271€~-C2
26 0. 1374540E-C1
27 G.122R142F -G}
28 C.1218607E~C1
25 $.122%2A1£-01
30 £.1442566E-02
23 C,14445668-02
22 €.iel27g6E-C2
23 G.is12786L-C2
34 G.€422772E-02
3¢ T.2604%E10-C2
3¢ (LETTESLLE-DQS
27 €.12€2%218-C2
28 £.65112768-C3
39 C.47642483E-03
40 C.550E824F~-C2
41 £.h19€331E~-C3
42 (.220%320E-(3
€3 0,28713718E~C2
€4 $,21CT7688E-C2
45 C.4552652E~03
4€ G, 4733258E~C3

s 55CESLBE-C2

INTERNAL LCADS

e
D851 CH2E
V3922627
DL E25BIBLE
0.1856151¢
D 10756726

-.-0+SHC1ETSE

0+ 699326 3F
. D T556430E
D.B0411468E
Db TTT254E
0.7252792¢
0634522 1F
D.4261519
D.18L1%1FE
0.1714450F
0.1145%52%5¢
0.8959330E
D.31138213¢

. 0.2961148F

0.1032734F
Q.4632€37F
0.455061CF
0.1210711F
D.1325601¢
0.1038721E
0.555518¢E
0.63T6HGHE
0.7529198¢E
0.80327%¢6F
G.1278112¢E
0.1278112F

..D.142892%9C

0.16428925%E
_0G.555518¢CE

. 0.6976808F

0.752916G6F
G.B032796F
0.20226T7€E
0.2715257F
049155738
0.3051715F
0.130E979¢
0.2115347¢
0,2942404F
0.208135%0E

. 0.266493%E

Load Upnits Lbs

Defl. Units Inches

Rms. Values

02
oz
02 . __
02

02

o2 __
02
oz
02
02
02
02
02
02
02
02™
o1
02
01
02
o1
0l
02
o2
02
0
c2
02
02
02
02
02 .
02
€2
€2
02
62
02
02 - _
o1

o1

c2

62

02z

02

02

A R B R e

CDEFLECTIGNS ____  INTERNAL 10ADS
Y o b o
0,11€35E2E-C2 0. 43084C9E 02
0129265 76-02 _ __ . D.1218562E D2
Co2CERNROTE-CR _ _____  0.2083273¢ 02 ___
0.9C$2311E~03 . D.TISL9IIE 01
D. 38254 7E~L3 . 0.1BBS%DSE 01
0.313C8CBE-02 __ __ D.2551%82F 02
0.1026511E-02 _ __  0.2239705E 02
Co%7SCABE-03 _ _ _ 0.38B4067FE 02
C. £37£123E-03 - D.3%75310F 02
T+ 3372461 €-C2 D.S46TBINE 02
C.B4GTTE8RE~D3 __  0.20%7395¢ Q2 _
0.1519C16E-02 = 0.3713501F 02
D.3912S27E-02 . D.2016083E 02
0. 3238403¢-02 __D.125%080E D2 __
0.2E71285E~02 08133303 01
0.25148926~02 0.2527495€ O3
0.1€05CH5E=-C2 _ __ _ 0.1265683F 01
C.28449426-02 _D.50886577F 01 __
D.21922346-02 __ _ _ 0.1371475E O} _ _
0. 20¢4268€-02 .. 03118425 01
0.14191186-C2 ___ _  0.1034540F 0)
€. 5¢525C2Z€-03 . D.9630044E 00 ___
0.3233€276-02 _ . __0,7017447E 01
0.3238403£-02 _ . _ _0.583%0i0F 01
€ C.2871289F-062 _ __ . 0.3825008 01
€. 5944582E~02 _ .. 0.2394731F 02
0. 41912 76F~02 0.2226318E 02
0. 6306294E-C2 0.3883218F 02
€.5377530E-C2 . 0.3460651E 02
C.6223340F-02 0.5513879E 02
€. €223340E-C2 ... 0.551387SE 02
C,782S729€-03 ___ __ _0.6937140¢ 01 __
0.782S729E-03 ___ ____D.6937140F 0O}
0.313C8CBE~C2 ___ ____0.2394731F 02 _
0.1026S11€-02 .. 0.2226318F 02  _
C.471S018E-03 _____ 0.,3883218¢ 02 _ _
C.637¢123E~03 __..D.3460651F 02
€.838S773E-€3 _ _ 0.3178C55€ 02
C.5104121E-03 ____ 0.4860416F 02 .
0.1446131€-02 _ . 0,2782047€ 02
C.147ECBSE-02 _____ 0.9269849E 01
0.1531237€-C2 . .. 0.2811931E 02 _
C.213€585€-02 _ _ __ 0.1312161E 02
0.14C7C58E~C2 _ _ _. 0.1185706F 02
C.BI7CSTOE-C3 _ _ __ 0.3472220E ©2 _
.. 0.532577T1E_ 02

€. 9445262E~03

b SR
A A

39

2

.42

Random Loads and Defledtions (LSG Version)

Table 9

44

46

. DEFLECYIONS __  _ _INTERNAL LOADS
Z B = N
C.1515S TRF-02 042858C0SF 02
0. 15C6TSE~C2 . 0.2587494E 02 __
DedGEEILGE~B2 .. D3%15%IE €2
0. 153&E4E~-CZ . D.1390333¢ Q2
CaS5EEES20E~C3 - - D3426874 D1
Lo SH24PB3E~02 . De0824474E 02
0. 2495511E~02  __ 0.6%02733F 02
0. 5434585F~03 _ ___ D.493315«E 02
Vs 9801141 E~D3 . D8IGH5T0F 02
€. 33851 85E-02 VH5T230IF 02
. £043436E-L3 . DeWHBHEB/GLE 02
Ce17SSEIDE~T2 . DJ5088%%8F 02
2 D HE2529%E-C2 _ . D.J39T0TICE B2 .
C+512E782E-02 .. D.2795062E 02  ___
Co®CC1319E-02 _ _ _0.120792CF 02 _
Co 4350C29F~02 V6%26748E 01 . _
0. 2528 195¢€-02  _ 0e%292113¢t 01 ___
0. %223C11E-C2  _  __ D.56819304E 0} __
Qe ID3ISLERE-C2 - .0.1732656E 01 _
0. 2992381E-02 0. T06C584E 0} |
€. 182%278E-C2 ... 012504088 GY
Cal22C7C3E~-02 — . 0.9925961€ 00
0.4£€26608-02 _ ___ 0.9727118€ 01 ___
08.5128782¢-02 C0.1027551EF G2 -
C. 400131 9E~G2 _ V.6745353¢ 01
C.1129451€~-01 ... D.4%41995E 02
C.12675%1F-01 0.6875982€ Q2
C.7544521£-02 0.4927722E 02
C. G460 (84E-02 _ . 0.6311862F 02 _ _
«3529¢736€-C3 0.4613225% 1
0.52C6T55E-03 . 0.4613225% 0V ___
¢ U.4213566F-€2  __  0.3821819F 02 __
C.4313566F~02 _ . .. 0.382181%t 02 __ _
Oo 5424883E~C2 .. 0.%441595% 02 _
0,24565118-02 ... Q.6B74982¢ Q2 . _
0. 95434684E£-03 e Ca89277228 02
€.9801141F~C3 0.63118628 02
€. B157923E-C3 0.3326385€ 02
0.8504733E~03 _ - C.4858812% 02
Ce35C8602E~-C3 - 0.1229201& 02 -
C.4B821CT7CE~C3 __  0.1685755E C1 )
C. 7626536E~03 0.8408727¢ 01 .
0.4361380E-C2 __ _ __ 0.2482549F 02 —
C.2854565€~C2 . . 0.23839B7¢ 02
C.8C25661E-03 ____ 0,327C691€ €2, _
€9 8344580E-C3 .. D.%646214E 02

1./%2/5
Z2Z ?8eg
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TABLE 10
Comparison of Launch and Boost Dynamic Loads
with Static Design Loads
Table 4a
Sub- and Table 9 Three
System = Table 9 Local L&B Sigma 30g*
Coord, Coordinate Load-U Load-U Design Load-U
LMS 1 Uy 85,2 255, 6 515
2 U2 39.2 117.6 420
3 Us 62,6 187.8 515
40 \A| 27.8 83.4 165
4] Va2 9.3 27.9
42 V3 28.1 84,3
43 W2 , 24,8 74, 4
44 W3 23,8 71.4
LSP 10 (0} ] 47.8 143, 4 332
11 U2 72.5 217.5
12 U3 63,5 190.5 l
13 U4 42,6 127.5
38 \A! 31.7 95.1 200 (Two brackets)
45 V2 34,7 104.1
39 W1 48,6 145.8 l
46 W4 53.3 159,9
LSG 26 U, 55,6 166.8 416 (Two brackets)
27 U2 69.8 189. 4
28 Usj 75.3 225,9
29 U4 80.3 240,9
30 Vi 55.1 165.3
31 V2 55.1 165.3 j
32 Wi 38.2 114.6
34 W3 38.2 114, 6 ¢’
Ant, Cable
Reed 4 U4 18.6 55,8 102
Antenna 5 Ug 10.8 32,4 47.4
PCU/PDU 16 Uilé 11.5 34,5 179
CDM/DEC 17 U7 9.0 27.0 108
DATA/
PRO, 18 Uis 11.4 34,2 126
DIPL/SW. 19 Uig 3.0 9.0 28.8
LSP/
ELECT. 20 U20 10.3 30.9 117
XMTR 21 U21 4.6 13,8 45,6
XMTR 22 Uss 4.6 13,8 45.6
Load at th.{23 Uas " 12,1 ' 36,3 116
plate end {24 - U2s 13.3 39.9 116
~f Boyd 10. 4 31.2 116

25 - Ugzs

* Includes a 1, 5 factor of sa;‘.'ety'
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% , W
(UP)L_—‘)\{ 5 v -1
X,u. ‘
G,
rACR
LMS b2a(0)
200w)
3‘(05)(7
Qol ]
5 3@ Dia
22 W)
_ ZE}(V) w
9Qo——F S5O 6 12 310
i 26(w) 27!
2 8w
LSG (®c. G. %
o 12'2"'"05; :
123 (v |
C.G‘lzz (un | L-SP |
lz5 @ !
[z6 (W)
?
8% > 07 "o 4!‘)32(\)’)
2 23
o Mass Lumped
P Connected Points (betwkern sunshield fherimal plate)

Isolators

Figure la
Array E/Sub Pack 1, Sunshield Equipment (LSG Version)
(View Froam Top)

Note: Numbers Not Indicated Are inu~direction,
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X(Op) v
y DIp = TX oel j
' sw.Q | :
/ 8 B TX o020 j,
D oC . DiPL. FiLTE
ATA ZR Lo Fltrer } tSP/cee
17 H & o)
3 14 19
l ’ ' RECEIVER ;
COMM. [
@ O
DECODER 13
0
2 Pcu/pnpu
')
i5
EN—

o) Mass Lumped

5] Connected Points (B{etvje‘eﬁ‘sunshi‘eléd & thermal plate)

Figure 1b
Array E/Sub Pack 1, Thermal Plate (LSG Version)

(View From Top of Cut Away Sun Shield Plate)
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X{uP

LMS C 2\ i

) 280) |
29w |

{

D3 |

" aw :
O—Oz500)

s 27t),
12 §
LsSP

O— O 26W)

10

A atmtret B e - -

Mass Point

O

. k i P o
Connected Points (iiﬁt\&!e&en'eunshield & thér"m’al‘plétg)_, ;

Figure 2a
Array E/Sub Pack 1, Sunshield Equipment (PSE Version)

(View From Top)
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?

X(UP)

=] (e

>W- Q 1 ?
' UTX 0'9 |

- -

z o !
_DRTA PRoOC. DIPL. FILTER. h LSP/ CsSE 1
O -
e %9 }69 019 i
, i3 ‘
17| RECEIVER I
i
OMM : — o
oMM Dz o
DECODER §
% oA
L |
DR ‘ /[
e} Mass Lumped
® Connected Points (Between sunshield &:»tf;érma} p{a,ﬁe;' ¢
Figure 2b

Array E/Sub Pack 1, Thermal Plate (PSE Version)

(View From Top of Cut Away Sunshield Plate)
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ALSEP ARR E/SP-1(PSE) ,FBR IN Y-AXIS (LUNARR DESCENT)

FIGURE 2=2=2d RANDOM VIBRATION SPECTRUM
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xx ALSEP ARRAY E/SP-1,FORCING IN Z-AXIS (PSE) xx
FIGURE =2a  TRANSMISSIBILITY
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FIGURE 33C  RANDOM VIBRATION SPECTRUM /#7
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ALSEP ARR E/SP-1(PSE) ,FOR IN Z-BXIS (LUNRR DESCENT)
FIGURE 23d RHNDOM VIBRATIAGN SPECTRUM
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