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1.0 INTRODUCTION & SUMMARY

This ATM presents the results of a dynamics analysis of the heat
flow experiment (H. F. E. ) subpallet being incorporated in the ALSEP
Array D. Both the engineering test model and the flight model were in-
vestigated. Objectives of the analysis were (1) to relate the dynamics
environment of electronics box and the heat flow probe mounted on the
subpallet to that when mounted directly to the main compartment pallet
and (2) to determine the dynamic loads in the subpallet structure ele-
ments.

The computations indicate that the environment at the electronics
box and probe box are different, as might be expected, due to the different
structure, however, the differences are primarily in frequency content
and not in peak or over-all RMS g levels. These responses are shown
in table form and curve form. The dynamic loads for the most severe
cases were also calculated, but no large or critical values were indi-

cated.
2.0 ANALYSIS MODEL

The mathematical model used in the analysis is three dimensional
with 16 degrees of freedom. There is considerable coupling, both mass
and stiffness, due to the angling struts and the mass asymmetrics.

As shown in Figure 1 the structure consists of the heat flow probe
suspended in its box, the subpallet and the heat flow experiment elec-~
tronics box. The subpallet is attached with two brackets to the ALSEP
pallet plus the two strut attachments from the top of the subpallet to
the ALSEP pallet.

The mass of the heat flow probe is essentially concentrated at the
ends of container box. Therefore the dynamic model of the folded probe
parts is a dumb-bell shaped mass, i.e., two masses connected by a
weightless rod.

The heat flow electronics was agssumed to be a rigid mass attached
at four points having flexibility in all dircctions.
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The subpallet was considered rigid in the in-plane directions, but
flexible perpendicular to its plane. The flexibility influence coefficients
were computed by assuming that the plate can be represented by a set of
beams having equivalent stiffness. Figure 2 shows this representation
for the engineering model. The effect of the probe box is to stiffen the
free end of the plate overhang by constraining the slope to zero during
bending. Determining the flexibility and stiffness matrices for the sub-
pallet and other structural members is a rather long and detailed pro-
cedure, and consequently is not included here. Only the final stiffness
matrix is given in this memo. However, the details are on file.

Referring to the axis system shown in Figure 1, the following in-
dependent degrees of freedom were chosen:

Coordinate
Location Desgignation Description Orientation
1 U7p Probe X
2 U5p Probe X
3 V7p Probe Y
4 Wip Probe 7
5 Wh5p Probe Z
6 w7 Overhang 7.
7 Urb Subp. Attachment X
8 Uré Subp. Attachment X
9 Wr5 Subp. Attachment 4
10 Wré Subp. Attachment 7
11 U4 Electronics X
12 Vi Electronics Y
13 v2 Electronics Y
14 W1 Electronics 7
15 w2 Electronics 7
16 w4 Electronics 7,

The first five coordinates apply to the probe mass motion in its
suspension; location 6, W7, is the "Z'' motion of the free end of the sub-
pallet overhang; locations 7-10 are the motions of the two subpallet/strut
interfaces; and the remaining six coordinates are the electronics box
attachment motions.
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The mass and stiffness matrices for the analysis model are given
in Figures 3 and 4. For the subpallet and the electronics box these masses
have been transformed from their c. g. values of mass and moments of
inertia to the attachment coordinate system.

The stiffness values are for the generalized coordinates chosen. This
matrix has been reduced from a 39 x 39 matrix of stiffness values which
represent the internal motions and stiffnesses before the various parts
are connected together. The large matrix was used also in the calculation
of the internal loads in the manner of Reference 1.

3.0 COMPUTED RESPONSES

The natural frequencies and mode shapes for the model are shown
in Figure 5. The first five natural frequencies pertain to the probe mass
in its suspension and are quite low (15 to 19 Hz). The next eleven fre-
quencies and eigen vectors apply to the subpallet mass and electronics
box, the last two being the modes resulting from the attachment bracket
stiffness between the subpallet and the main ALSEP pallet.

Input values for the three different axes are shown in Figures 6 and
7 for the sine and random input levels. These are the same values as the
test values for the engineering model and come from Reference 2.

Computed acceleration responses are presented in the three part
figures consisting of plots of transmissibility, sine response and random
response at the location designated. In most cases the in-axis responses
are the largest, and these are mainly the ones included here. However,
there was considerable cross-axis response indicated as well, especially
the response of wy (location 6) when the excitation was in the X direction.

Damping in the system was assumed to be 10% of critical viscous
damping in any one mode. This value is based upon measured trans-
missibilities of similar structural elements.

A typical probe mass response is shown in Figure 8. The probes
are essentially isolated above 25 Hz. The probe resonances are the only
ones below 100 Hz.
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A tabulation for the random responses for all locations computed for
the engineering model is given in Table 1.

TABLE 1

RANDOM RESPONSES G-RMS

X b z
1 U71 .95 .03
2 Us5p .95 .1
3 V7p .07 .2
4 W7p . 04 34
5 Wh5p .09 .34
6 w7 5.4 3.5 4.3
7 r Ur5 17.0 4.3
8 Uré 10.1 2.8
9 Wr5 4.6 4.6
10 Wré 4.6 4.5
11 U4 5.3 .92 1.4
12 Vi 3.4 3.5 1.5
13 v2 1.3 3.6 .91
14 w1 2.9 4.0
15 w2 3.2 2.7
16 w4 3.1 3.9

Figures 9 through 16 present the frequency response curves for the
locations of most interest.

4,0 FLIGHT MODEL

A simulation of the flight model hardware was also carried out with
only slight differences in the responses resulting. Therefore these curves
are not included in this memo but are on file.

5.0 REFERENCES

1. ATM-871 Structural/Dynamics Analysis Report - Apollo 14
LRRR, May 15, 1970.

2. Letter No. 971-JM-64, Array-D HFE Subpallet Engineering
Vibration Test Levels, June 12, 1970,
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