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This ATM presents the results of the structural dynamics
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SECTION I DYNAMICS ANALYSIS

1.0 INTRODUCTION

The results of dynamic analyses performed for the Subpack 3 -
experiment packages and associated structure are presented in this ATM.
The objectives of the analyses have been to estimate the acceleration
environment at selected locations throughout the structure and to compute
the associated dynamic loads resulting from both sinusoidal and random

excitations.

Several iterations in the supporting structure were carried out during
the design, and the launch random vibration environment was increased
when the installation in LEM was changed from QUAD I to QUAD III.

2.0 ANALYSIS MODEL

The physical arrangement of the complete package is shown in
Figure 1.

The mathematical model used in the analysis is a 15 degree of
freedom, three-dimensional model which was derived from the coordinate

definition drawing of Figure 2.

The drill box and structure is considered to be a rigid mass attached
at 3 points having dimensions, mass and e.g. characteristics shown in
Figure 3.

The H. F. E. electronic box is considered to be a rigid mass attached
at four points and having the dimensions, mass-e. g. characteristics
shown in Figure 4.

The H, F. E. probe box is not considered as part of the dynamics
model since it is attached very close to the input or LEM attachment points
and is relatively small in mass. .

Structural support frame weight is lumped at four locations
immediately below the electronics box attachments.
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Stiffness Matrix

The frame and experiment package attachment stiffness elements
for use in the three-dimensional complete stiffness matrix were obtained
mostly through the static structure analysis described in detail in Section II
of this ATM.

There are 21 coordinates (and forces) associated with the unreduced
stiffness matrix as follows:

TABLE 1

COORDINATES AND FORCES

" Location Coordinate Forces

1 Us F Us

2 Us5= U9 F U5 +F U9
3 V5 = V6 F Vs +F V6
4 Ul0 = U6 F Ul0 + F U6
5 V9 = V10 F V9 +F V10
6 Ul F Ul

7 V1 F V1

8 X5' F X5'

9 X6'! F Xé6'

10 Y5! F Y5'

11 Y9! F Y9'

12 W3 = W4 F W3, W4
13 W5 F W5

14 Wé F W6

15 Wi F W1

16 w9 F W9

17 " W10 F W10

18 X5 F X5

19 X6 F X6
20 Y5 F Y5

21 Y9 F Y9
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Rigid body corner displacement relationships and attachment of the
electronics box and drill package to the frame reduces the number of
coordinates to 15 independent ones. This is defined by the matrix [ B]

and the following ¢quation:
fs} - 181 fa}

where the vector {q}is defined

(U1 ) (g1 )
V1 q2
w1 q3
U3 q2
W3 q5 See Figure 2 for coordinate direction
X5 qb and location. Subscript on q, is computer
X6 q7 program location number also.
Y5 q8
o sy
U5 ql0
V5 qll
V9 ql2
wWé ql3
w1io ql4
| W5 kqlSJ

The input matrices [K] and [B] are shown in Figures 5 and 6, and the
reduced stiffness matrix [k] is shown in Figure 7. This is arrived at as
follows:

] = [B] * [K] [B] (1)
Mass Matrix

. The mass matrix is formed to the 15 generalized coordinates by
transforming the drill box six degrees of freedom to 5 by constraining the
heavy end (U3, W3) to one translation and one rotation. Also the electronics
box six degrees of freedom at the c.g. were transformed to six coordinates
at the attachment points., Finally, the remaining four coordinates are the frame
motion in the plane of the frame.

The mass matrix is shown in Figurc 8.
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3.0 COMPUTED RESPONSES

A normal mode analysis was performed using the stiffness and mass
matrices of Figures 7 and 8 to obtain the natural frequencies and mode

shapes given in Figure 9.

Then, using an assumed damping factor of 10% of critical, the re-
sponses to sine and random base motion inputs at selected locations were
computed by summing the responses of the normal modes, The sine input
is shown in Figure 10 and the random inputs are shown in Figure 11. The
higher curve of Figure 11 is the latest assessment of the environment in
QUAD III. The analysis was also performed for the lower levels of QUAD I.
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Figures 12 through 28 present the computed plots of transmissibility
sine response and random response at selected locations having the
largest overall response. The figures are in 3 or 4 parts depending on
whether both QUAD I and QUAD III levels were calculated for the random
response. If the words '"New Levels' appear in the random response
: curve title, QUAD III levels were used as input.

A summary of all the computed overall rms values is given in Table 2.
The maximum sine responses can be observed on the sine response curves.
None of the calculations indicate levels higher than 8g peak (Figure 18 b)
for the sine accelerations, therefore the most attention is paid to the random

vibration results.
4,0 DYNAMIC LOADS

As discussed previously the flexibility and stiffness influence coefficients
were developed for the support structure in the three axes of loading. These
results were then incorporated into the three-dimensional program from which
the reduced stiffness matrix is determined for use in the dynamics analysis
program.

The computed accelerations and the redundant frame stiffness matrix
provide all the necessary information for computing the dynamic loads at
the attachment points and in the frame.

The three-dimensional stiffness matrix for the structural system
is shown in Figure 5, This is a 21 x 21 matrix with the displacement
coordinates shown in Table 1. The forces associated with these coordinates
are in the corresponding direction and location in the 21 locations.

This stiffness matrix is reduced in size to correspond to the selected
15 generalized coordinates by the transformation

k] = [B]" [K] [B] (1)

where [B] is a 21 x 15 matrix relating the coordinates of Figure 5 to the
15 generalized coordinates. This is given in Figure 6.

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

(P} = [x) (8] [ {a) (2)

{s} = B [x ™' {Q) (3)

where Pn is an internal load and Sn is the displacement.

n=1, 2, ---21

and
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TABLE 2

OVERALL RESPONSES TO RANDOM EXCITATION G-RMS

Computer Y
Location —]
Number Coordinate (a)* (b)* (a) (b) (a) (b)_‘_”
1 Uy 5.50 11.2 . 54 1.54
2 V1 2,73 3.6 1.1
3 W 5. 55 2.2 |8.24 {11.3
4 Uj 2,22 4.46 . 88 3.1
5 W:,’;‘4 3.74 1.76 | 4.02 6. 05
6 X5 4,64 9.0 2,10 1.02
7 X6 11.5 3.07 .614
8 Y, 3.87 :4.84 5.98 1.96
9 Y9 3.73 v6.80 13.1 1. 40
10 U5 5.24 8.79 2. 47 2.57
11 V5 2.43 |4.95] 7.06 4.4
12 V9 2.28 16.34; 8,38 3.1
13 W6 4,15 6.99 - 2.61 | 6.30; 9.35
14 W10 3.73 6.37 2.94 | 4.64 | 7.19
15 W5 5.28 3.33 | 6.07 | 9.11

(ayx*

(b)

QUAD I environment excitation

QUAD III environment excitation
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The next step is to compute the load vectors, {Q}, resulting in this
case from the dynamics environment.

Random Loading

The expression for the load vectors, {Q}, for the random loading
case is

]T

[Q [m] [A] (4)

where
[m] = mass matrix (Figure 8)

[A] = a diagonal matrix composed of the local rms accelera-
tion computed with the dynamics analysis program,
i.e., Table 2 type values multiplied by the accelera-
tion of gravity.

When the {Q}r column vectors have been determined, they are applied
to equations (2) and (3) to compute the internal loads and displacements
at the attachment points and on the array. For the random case the rms
internal loads and displacements are computed for each modal equation
giving 15 sets of rms values at the 21 coordinate locations., Then for each
location the 15-modal rms values are combined by taking the square root
of the sum of the squares of the 15 values, thus reducing the number to
21 load and 21 displacement values.

Sinusoidal 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 maximum sine response occurs.

For the sinusoidal loading case there is only one(Q&vector per fre-
quency selected and each one will produce a set of internal loads and dis-
placements.
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Application of the foregoing procedure to the present structure
results in the load and deflection sets due to the random excitation
shown in Table 3. Loads due to sinusoidal excitation are all less than
the 3-sigma random values obtained by multiplying the Table 3 loads

by 3 and are therefore not shown.
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SECTION II STRESS ANALYSIS OF A2/SP-3 FRAME ASSEMBLY

Enclosures: (1) Schematic Layout of A-Z/SP-3 Frame Assembly
(2) Results of Stress Analysis Including In-Plane and
Out-of-Plane lL.oading Conditions

1.0 INTRODUCTION

A stress analysis of the subject frame assembly was performed in
accordance with the requirements specified in the statement of work for
the design of the A-2/SP-3,

The methods of analyses were based on BxA computer programs
BSR 2909 and BSR 2910 which are rigid frame analysis and plane grid
analysis programs, respectively. In addition to the computer programs,
manual analyses of clips, joints, beam columns, etc. were performed.

Stiffness influence coefficients were printed out for use in the for-
mulation of the dynamics analysis performed on the A-2/SP-3,

2.0 SUMMARY

The analysis shows that the design satisfies all requirements of
structural integrity. Most elements of the structure have relatively low
internal stress levels for all conditions of externally applied loads. Hence,
cross-sectional geometry of the members was more a function of dis-
placement limits than stress limits. The critical design loads are those
acting in the plane of the frame parallel to the X-axis.

3.0 RESULTS

Results of the analysis are shown in Enclosure (2). A maximum dis-
placement of 0. 04 inches occurs at node 3, and a maximum bending stress
of 32,500 psi occurs at node 6 on member 14. Bending stress levels between

‘nodes are all less than the end moment acting on member 14.

The analysis without members 15 and 18 showed excessive displace-~
ments of the nodes in the middle section the frame assembly in the X-axis
direction. Therefore, in order to lir it these displacements members 15
and 18 were added to the structure.

The minimum margin of safety occurs adjacent to node 6 on member 14,

M.S. = 0.06 (combined bending and comp. ).
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4.0 DISCUSSION

Design ultimate loads were determined by multiplying the design
limit loads by 20 g load factors and then applying safety factors of 1. 5.
Using this procedure, the following ultimate loads were determined for
use in the analysis.

Item Ult, Load (lb.)
ALSD 700
HFE 200
Probe Box 100

The externally applied loading conditions are defined as follows:

1. Loads applied normal to the frame parallel to the Z-axis.
2. Looads applied in the plane of the frame parallel to the
X-axis.
3. Looads applied in the plane of the frame parallel to the
Y -axis.

It should be noted in Enclosure (1) that the true locations of elements
15 and 18 are as indicated by the dashed lines. The analysis was performed
before these members were added to the drawing. Subsequently, the problem
of securing these members to nodal points 2, 6, 10 and 13 became nearly
insurmountable, The dashed lines indicate the compromise locations of
the members that still insures adequate strength of the frame.

The stiffness characteristics of the assembly in the Y-direction are
such as to reduce stress and displacement levels to negligible values.
Therefore, results of the analysis for in-plane loading parallel to the Y-axis
(cond. 3) are not shown in Enclosure (2).
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