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1. 0 INTRODUCTION AND SUMMARY 

This ATM gives the results of the dynamic analysis on the LEAM Flight 
Model Experiment Package. The DVT model dynamic analysis and testing 
results were presented in ATM 1022, Reference 1. A comparison of the flight 
model hardware and DVT model hardware is made with the conclusion that the 
DVT model analysis results weill apply as well to the flight model within the 
correlation acuuracy that can usually be expected between dynamic response 
calculations and test results. 

As stated in Reference 1, the response levels at various locations throughout 
the structure are fairly high as might be expected since it is a stiff structure 
with few riveted or bolted joints,. and the input levels are fairly high, i.e. , on 
the order of 8 to 12 g--rms. However, the Up and East Sensor films in the DVT 
model have survived these environments with few film perforations, and it is 
expected that the actual Subpack 2 environment for the LEAM Flight Model will 
be somewhat less than the input levels used for Launch and Boost. The latter 
statement is based upon recent engineering test model vibration measurements 
made on Subpack 2. 

The additional consideration is made here for providing small rubber 
isolators in the mount locations of the Up and East Sensors since these sub
packages contain the films. As expected the high frequency random vibration 
response of the packages is greatly diminished, but the low frequency sine re
sponse is increased. Thus more space would be required than presently exists 
for these two sub-packages if such an arrangement is to be used. 

2. 0 FLIGHT MODEL COMPARISON WITH THE DVT MODEL 

Consideration of the hardware differences between the DVT model and 
flight model reveals that the principal difference is in the interface brackets. 
A fiberglass continuous structure is used on the Flight Model in place of the 
titanium tabs used for attachment of the DVT Model to the ALSEP structure 
or to the vibration fixture. 

The EI or stiffness of the fiberglass attachment tabs is 40o/o higher in 
value than the titanium brackets on the DVT model,and this stiffness is the one 
which will most affect the lowest natural frequencies of the LEAM package. 
The frequencies are proportional to the squBjre root of the stiffness ratio indic
ating that the lowest natural frequencies will be increased about 20o/o over the 
DVT model lowest natural frequencies. 

The computed results of the DVT model proved to be about 20o/o higher in 
frequencies of resonsance at the lower end than measured values; therefore 
those caluculations will apply to the flight model even more closely than they 
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do to the DVT model. As a result, the basic structural model was not changed 
for the response caluulations, and the response curves of Reference 1 are 
considered valid for the flight model as presently established. 

The computed random responses of Reference 1 for the Up and East Sensors 
have indicated high levels, and a proposed method of alleviating these levels,, 
is to insert rubber grommet isolators at the four attachment corners of each 
of these sensors. The computed results with this arrangement are included 
in this report. 

The flight configuration is shown in Figures 1 and 2, and the location of 
the grommets is shown in Figure 2 for some of the Up and East sensors attach·
ment points. The weight summary of the LEAM package is given in Table 1. 
The rubber grommet design is shown in Figure 3. Computed -values of stiffness 
for these grommets are 600 lb/in in the axial direction and 310 lb/in in any 
lateral direction. The objective was to lower the sensor package resonance 
down to about 100 Hz in the direction perpendicular to the film planes. The 
:iesign of Figure 2 proved to be effective for the Up sensor, but would require a 

1
stiffer rubber for the East sensor. This is shown in the response curves further 
on in Section 4. 0. 

3. 0 METHOD OF ANALYSIS 

The method of analysis used here was to add the flexibilities of the rubber 
mounts to the DVT model flexibilities originally obtained from the EASE structural 
analysis runs. This flexibility matrix was then used in the DYNLOAD (Reference 
2) dynamics analysis program as in Reference 1. The resulting stiffness matrix 
is given in Appendix A along with the mass matrix. 
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TABLE I 
LEAM WEIGHT SUMMARY 

WEST SENSOR 

EAST SENSOR 

UP SENSOR 

CENTRAL ELECTRONICS 

INTERNAL STRUCTURE ASSY AND SHIELD 

CABLE AND ASTROMATE CONN. ASSY. 

THERMAL BAG AND MASKING 

OUTER HOUSING ASSY. 

LEG ASSEMLBIES AND RELEASE 

BUBBLE LEVEL 

GNOMON ASSY. 

UHT SOCKET AND RELEASE 

THERMAL RADIATOR ASSY. 

DUST COVER AND RELEASE 

MISC. HARDWARE 
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1. 05 lbs. 

2. 13 

2. 11 

3.25 

2. 13 

1. 30 

.69 

1. 31 

.60 

.02 

. 02 

. 29 

. 32 

. 18 

. 26 

LEAM TOTAL WEIGHT 15.66 lbs. 
(INCL. ASTROMATE CONN.) 



F/CURE 3 
I 

·--

.. 

,, ._ 

Page 6 

30 j)(}I(!OME7t:!.!_ 

{j £/'r'£:.. k j (. ;::'U !</#'~ 5 { 

SIL.Jtov£7 tf'ueB~.-e, 

N Pr r v R- A l-- t.l v a I' e:1<--

Se- ~ o rv D C If 0 1 e C 

AT-M- "-- 4l Kt v ''G '' 



LEAM DYNAMICS ANALYSIS 
FLIGHT MODEL 

MO. 
ATM 
1066 

REV. Mo. 

PAGE 7 Of 53 

DATE 22 Oct. 1971 

4. 0 COMPUTED RESPONSES AND TEST RESULTS 

Computed frequency responses are presented in the form of overall 
response at all locations due to random excitation and in the form of detailed 
frequency plots at selected coordinate locations. 

The coordinate locations and definitions in relation to the internal packages 
are shown in Table 2. The six coordinates of the c. g. motion of each of the six 
co mponent packages are grouped together with the three trans lations being 
given first. These response coordinates and their locations are shown in the 
following table: 

TABLE 2- Coordinate 

Analysis Component 
Location No. Package 

1 Up Sensor 
2 Up Sensor 
3 Up Sensor 
4 Up Sensor 
5 Up Sensor 
6 Up Sensor 
7 West Sensor 
8 West Sensor 
9 West Sensor 

10 West Sensor 
11 West S,:nsor 
12 West Sensor 
13 Central Electronics 
14 Central Electronics 
15 Central Electronics 
16 Central Electronics 
17 Central Electronics 
18 Central Electronics 
19 East Sensor 
20 East Sensor 
21 East Sansor 
22 East Sensor 
23 East Sensor 
24 East Sensor 
25 Outer Case 
26 Outer Case 
27 Outer Case 
28 Outer Case 
29 Outer Case 
30 Outer Case 

Definitions 

Analysis 
Coordinate 

x1 
y1 
z1 
<P. 
Q, 

"!(; 

x2 
y2 
z2 
4>-v 
e-t.. 
I)-., 

x3 
y3 
z3 
cl>J 
~3 

7f'J 
x4 
y4 
z4 
<P+ 

~· 'I'+ 
x5 
y5 
z5 
4>., 
S'l) 

?J-;( 

ALSEP 
Axis 

y 

X 
z 

y 

X 
z 

y 

X 
z 

y 

X 
z 

y 

X 
z.. 
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The angle definitions are r/J - rotation about the X axis, e- rotation about the 
Y axis, and Vf- rotation about the z. axis. 

The input levels were again those of launch and boost and are shown in Figures 
4 and 5. Three part response curves are presented in Figures 6 through 18. 
These figures are arranged in the same manner as the corresponding ones in A TM 
1022; therefore they compare directly by number. Table 3 presents the over all 
g-rms responses of all the coordinate locations. 

The response curves of most interest are the Figures 6, 7, and 8 for the Up 
sensor and Figures 16, 17 and 18 for the East sensor. The natural frequency of 
the subpackages perpendicular tothe film planes turned out to be about 90 Hz when 
coupled with the complete package dynamics. This shows up in Figures 7 and 16. 
In the lateral directions the frequencies are about 60 Hz as shown in Figures 6 and 
8 for the Up sensor and 17 and 18 for the East sensor. 

While the random overall responses are reduced considerably (from 17. 5 g- rms 
to 8. 8 g-rms as shown in Figures 7c) the sine responses are increased considerably 
requiring as much as 0.1 inch clearance for this motion. Also, the sine respo 1se for 
the East sensor in the Y direction is excessive in amplitude since it falls in the high 
sine input range at 60Hz. 

The responses of the other coordinate locations remained essentially the same , 
and the response curves of the case motion were omitted from the present set. 

5. 0 CONCLUSIONS 

The results of this study indicate that the gromrre t mounting for the sensor 
packages would be helpful in reducing the random environment to the Up and East 
sensors. However, clearance space of about 0. 1 inch in all directions would need 
to be allowed for in the structure, and the grommets would need to be somewhat 
stiffer than the present design of Figure 3. This could be accomplished by using 
a stiffer rubber of 50 to 60 durometer rather than 30. This would remove the lateral 
frequencies from the high sine input range of 50 to 70 Hz and place it nearer to the 
desired 100 Hz frequency. 

6. 0 REFERENCES 

1. ATM 1022 LEAM Dynamic Analysis and Testing Results - DVT Model 1 
October 1971. 

Z. BSR 3995 DYNALOAD -An Integrated Dynamics and Loads Analysis Program 
March 1971. 
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8 O.lCt2tE 02 8 0 .15123E 0 2 8 0.10144E 02 
---~---

II\ 9 0.572CSE 01 9 0.79862E C 1 9 0.95435E 01 
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18 0.12993E 01 18 0.62823E 00 18 0.2042~E CC 
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20 o.ss383t oo 20 0.701UE 01 20 0.16434E 00 

II' 21 
---- .. 

0.1338tE 00 21 0.59927E 00 21 0.30583E 0 1 
-~- --- -- --- --

··i1{ 22 0.64422E-Ol 22 0.38055E CC 22 0.3384EE OC 
23 0.20421E OC 23 0.93<136E 00 23 O.l3752E Cl 
24 0.12819E 01 24 0.2ll5bE 01 24 0.2351IE OC 

• 25 0.10423f 02 25 0.134'iOE 01 25 0.8S7SCE 00 
(J 26 

-------
C.69665E 00 26 0.24120E 02 26 0.20102E 01 
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LEAM FREQ. RESP. ,X-AXIS F~RCING,L~B 
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LEAM FREQ. RESP.,X-AXIS F~RCING,L~B 

FIGURE ~ c. RAND~M VIBRATI~N SPECTRUM 
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APPENDIX A 

This appendix contains the stiffness matrix and the mass matrix for the 
LEAM model with grommets in the Up and East sensor aUBchments. 
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