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ABSTRACT

The attached structural analysis is divided into three sections. Section
I presents the component level stress analysis. This analysis is based on an
assumed limit loading of 20g's in any direction. Section Il is the dynamics
analysis of the structure designed on the basis of the 20g limit load assumption.
Section II shows that in general, limit loads are below those assumed in Sec -
tion I, but that exceptional forces do occur in some locations. Section III is
a computer analysis of the redundant grid structure based on the load patterns

derived in Section II.
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SECTION 1

1.0 INTRODUCTION

This section of the report consists of the stress analysis performed to
substantiate that the LRRR structural frame, fittings, etc. are structurally
satisfactory based on load factors, weights and C. G. 's developed from Ref. (1),
and for handling loads from Ref. (2).

The weight of the total package used for analysis is 42 lbs. rather than
48 1bs as given in Ref. (1). Preliminary studies showed this to be a feasible
value and final package weight is expected to be close to this value.

Throughout the analysis a factor of safety of 1.5 has been used on limit
to obtain ultimate loads,

Margins of safety, in general, are high, Items not shown have been in-
vestigated and can be shown to have high safety margins using conservative
load assumptions.
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2.0 INTERFACE POINT LOADS

The following pages give the point loads at the LM-LR3 interface points
based on information from References 1, 3 and 6 and for 20 G's limit load
acting independently along each major axis.

Reaction points have been chosen based on a study of attachment details.

For loadings along the X-X (Page 1) axis loads were assumed reacted at
all four support points with magnitudes assumed inversely proportional to the
distance from the package C.G.

Loadings along the Y-Y axis (Page 17 ) can be reacted at both fore and
aft points. ‘However, the load paths to the aft points are much more flexible
than to the forward points. In addition, the aft pins are loose and the amount
of engagement is subject to variation with tolerances. It has, therefore, been
assumed that all side load (along Y-Y) axis has been reacted at either forward
point Aa or Dd. Forward mounting pins are also loose to facilitate deployment
and it is not reasonable to assume a more equitable distribution.

The aft pins are free to slide and cannot be relied upon to resist loads
along the Z-Z axis. This is also true of forward pins at Aa and Dd in this
direction. Therefore loads along the Z-Z axis (Page ) are assumed reacted
at Ab and De. These points elongated slots with pins that can only react fore
and aft loads. The astronaut removes these pins at deployment.
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3.0 EXPERIMENT SUPPORT POINT LOADS

The following pages develop the loads on the structure at the experiment
array points, Dimensions, C.G., wts.,, etc. are from References (4) and (5).
Fore and aft loads (along Z-Z axis page]-14) are applied at points H and J. Side
loads ialong Y-Y axis page |-13 ) are applied at points G and K. These are rational
‘assumptions since all fittings are in double shear with the aft fitting pins normal
to Z-Z axis and the forward fitting pins normal to Y-Y axis. (See pages ]1-28
and ]1-31 for fitting details)) Basically aft fittings are stiffer along Z-Z and
forward fittings are stiffer along Y-Y.

Loads along the X-X axis are assumed acting at all four points.
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SECTION 2.0 VIBRATION AND DYNAMIC LLOADS ANALYSIS

2.1.0 Introduction and Summary

A dynamics analysis has been performed for the array and support
structure system being designed for the Apollo 14 L.RRR. The objectives
here are to determine the effects on the dynamics environment as seen by
the array and to determine the dynamic loads within the structure since
the support structure is changed considerably, i.e., from a honeycomb
pallet to a beam grid work. In addition, the applied environment from the
LM attachment points is decreased from the Apollo 11 LRRR levels.

Results of the calculations indicate that the vibration specifications
for the array structure remain adequate and need not be re-defined.

The acceleration responses were also used to determine the dynamic
loads resulting from the random and sine environments. Loads from the ran-
dom environment are the largest and are presented in this section.

Finally, a brief discussion of Apollo 11 LRRR measured vibration data

is given.
2.2.0 Dynamics Analysis Model

The dynamics analysis model is similar to the Apollo 11 case;
however, the support structurc is of a different type. Incorporation of this
support structurc into the dynamics model is still in the form of influence
coefficients at the four attachment points which are developed in another
computer program. Dectails of that portion arc given in Section 3.

The objectives of the dynamics analysis arc to compute the acceler-
ations at selected locations throughout the structurc¢ and to determine the
resulting dynamic loads associated with these acccelerations. When these
loads are determined for the generalized coordinate locations, they can then
be applied to the support framec for calculation of internal loads, stresses

and displacements.

The method of dynamics analysis used is the normal mode method
with refinements to account for both sine and random inputs. Details and
results of the application to the previous LRRR structural system are given
EATM 19, dated 7 Jan 1969 and EATM 53, dated 26 March 1969. Applica-
tion to a lunar vehicle analysis is discussced in BSR 2835, dated November 1969.
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The dynamics analysis model is shown in Figure 1.

Input levels are shown in Figure 2 for the random input and in
Figure 3 for thc since input.

The mass matrix for the present configuration is shown in Figure 4
and the stiffness matrix is shown in Figure 5. Derivation of the stiffness
matrix is discussed in Section 2. 4. 0.

The mass matrix is derived from the six degree of freedom, 32 1b
array mass (as before) transformed from the array c.g. to the attachment
coordinates. The lower structure is added in as four (unequal) lumped
masses which are derived from dynamic deflection considerations. One
flexible mode is also considered in the array deflections.

Generalized coordinates for which the response calculations were
made are defined as relative to the input base motion coordinates. Specific
locations of the coordinates are as follows:

ul

up X-direction at array/bracket
uj interface

u. X-direction at center of array.

v } Y-direction at array/bracket

vy} interface

Wy Z-direction at array/bracket interface

% )
1

x2 § X-direction at bottom of bracket
%3
X4 7

Subscript number refers to location shown on Figure 1.
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2.3.0 Computed Accelerations

Responses at all 11 coordinate locations were calculated for excita-
tion in each of the three axes. A summary of all these values except X,
X2, X3, and X4 is shown in Table 1 wherein the maximum sinusoidal acceler-
ation is given along with the rms valuc of acceleration.

The natural frequencies and mode shapes of the 11 degree of freedom

system are given in Table 2.

Plotted response curves in selected locations and directions of
excitation are shown in Figures 6 through 14 where each set is in three

parts.

In Figure 8c the QUAL random level specified to ADL is shown
along with the computed curve at that point which is typical of the acceler-
ation values in the X direction at the corners of the array. As before, the
curve exceeds the 0.1 gz/cps specified level at a low frequency peak, but
the overall level is still much less, i.e., 3.739 G-rms compared to
16.1 G-rms specified and is therefore no problem since there are no natural
frequencies for the array structure down in the 40-50 Hz range. Similar
observations can be made regarding the computed responses for the Y -
direction, Figures 10c and llc and the z-direction Figure l4c,
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2.4.0 Dynamics Loads

As discussed in Section 3.0 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 reduccd stiffness matrix is determined for usc in
the dynamics analysis program discussed previously.

The computed accelerations and the redundant frame stiffness
madtrix provide all the necessary information for computing the dynamic

loads at the array attachment points and on the array.

The threc-dimensional stiffness matrix for the structural system
is shown in Figure 15. This is a 20 x 20 matrix with the displacement
coordinates shown along the top. The forces associated with these coordinates
are in the corresponding direction and location in the 20 vertical locations.

This stiffness matrix is reduced in size to correspond to the
selected 11 generalized coordinates by the transformation

[x] = [B]" [K] [B] | (1)

where [B] is a 20 x 11 matrix relating the coordinates of Figure 15 to the
11 generalized coordinates. This is given in Figure 16.

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

(P} = [x] [B] [x]7" {Q) (2)
and
{s} - [B] [x]"'{Q) (3)
where Pn is an internal load and Sn is the displacement.

n =1, 2, ---20
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The next step is to compute the load vectors, {Q} , resulting in
this casc from thce dynamics environment.

Calculation of L.oad Vectors

Random Lioading

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

T

[Q]" = [m] [A] (4)
where |
[m] = mass matrix (Figure 4)
[A] = a diagonal matrix composed of the local rms accelera-

tion computed with the dynamics analysis program,
i.e., Table 1 type values multiplied by the acceleration
of gravity.

When the {Q} column vectors have been determined, they are
applied to equations (2) and (3) to compute the internal loads and displace-
ments at the attachment points and on the array. For the random case the
rms internal loads and displacements are computed for each modal equa-~
tion giving 11 sets of rms values at the 20 coordinate locations. Then for
each locationthe 11-modal rms values are combined by taking the square
root of the sum of the squares of the 11 values, thus reducing the number to
20 load and 20 displacement values.

Sinusoidal Loading

The load vectors, {Q} , are again formed by Equation (4), but real
and imaginary steps are computed scparately and combined into one load
vector for each frequency where a maximum sine responsc occurs.

T'or the sinusoidal loading casc there is only one Q vector per fre-
quency sclected and cach one will produce a sct of internal loads and dis-
placements.
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Application of the foregoing procedurc to the present structure and
array gives the results shown in Table 3 for the 8 attachment point loads
due to random excitation. There are two forces in the y direction, two in
the z direction and four in the x dircection perpendicular to the planc of the
support structure. The y and z forces also causc moments in the support
structure due to the bracket height. These forces in turn induce further
forces and moments in the structure. This is discussed further in
Section 3.0. The loads are unequally distributed due to the asymmetries in
the attachment structure and combined translational and rotational acceler-
ation forces being rcacted.
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2.5.0 Apollo 11 LRRR Vibration Test and Analysis Comparison

Some vibration measurements were obtained during the QUAL
Model vibration testing to verify original assumptions and calculations
regarding acceleration input levels to the array. Accelerations were
measured on the array sides half way between the corners. While these
werce not at the exact locations as the computed accelerations, the two should
agree fairly well, and this holds truc as indicated in Figures 17, 18 and 19
which arc¢ of similar shape. The test curve, Figure 19 falls in between
the two computed curves which arce for a corner and for the center of the

array.

Accelerations were also measured in the other axes and at the top

of the support brackets. Again the responses agreed reasonably well with .
computed values for the array inputs; however, the measured accelerations
at the tops of the brackets agrecd with computed values only up to about
500 Hz after which the measurements tended to rise. This is attributed

to the tops of the brackets having their own small systems responding at
these higher frequencies but not being representative of the acceleration
level at the array input side where the mass is much larger.

The assumed value of 0.1 critical viscous damping in each mode
appears reasonable and has been used in the present analysis.
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SECTION 3

1.0 INTRODUCTION

This Section of the stress report contains the analysis of the LR3 assembly
frame. The results include the evaluation of the stiffness matrix (influence co-
efficients) of the four experiment support attachment points on the frame
and the computation of the stress and displacement components due to various
loads obtained from the dynamic analysis (see Section 2).

The analysis was performed using Bendix computer programs. The
LRRR assembly frame (Bendix Drawing 2345727 - LRRR Structure Assembly)
is idealized as a plane frame or grid composed of straight beam members
connected at rigid joints. The primary beam members are channel sections
with gusset plates added at joints and corners for local reinforcement. The
equivalent stiffnesses are calculated for members stiffened by the gusset
plates. The frame model, the nodes and member numbers are shown in Fig-

ure 1.

The two front support points (Nodal points 12 and 16) of the assembly
frame are restrained from movements in all three global axis directions and
the two back support points (Nodal points 5 and 7) are restrained only in the
direction normal to the plane of the frame. These assumptions have been
chosen based on the study of attachment details (see Section 1). The four ex-
periment support point fittings are attached to the assembly frame at nodal
points 1, 2, 3 and 4.

The assembly frame supports both the in-plane and the out-of-plane
loads. The in-plane load components were studied by the Program DEFRAME
and the out-of-plane load components were analyzed by the Program DEGRID,
The analysis indicates that the stresses and displacements under all three
dynamic loading conditions are structurally satisfactory.
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Structural/Dynamics Analysis
Report - LRRR
LRRR Assembly Frame/Grid Analysis

NO. REV. NO.

ATM-871
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2 ~Ce01l72 Ce(CS98 ~Ce 0539
3 ~0.0037 GeCCTS -0, C617
4 -0,0153 Ce0252 =0.Ch44

5 GeCOL7 Ce.C025 Vs O
o 0.C074 -0.00CS =0.0153

7 0.0136_ -CoGC23_ 0.0 _ -

d G.0001 Co (CY9 ~0e0Ll19
9 €.0043 0.005C -0, 0731
LC 0,0016 -O'CCI7 '0.07"6
11 ~Us 0010 0.C074 -0. G100
13 00052 €.CCoB ~0.0276
14 ~0.C059 e (04 ~Ga 0545
15 ~0.0074 ~0euC47 -0.0439

16 ‘0&0084 "000058 000

NCCAL KEACT IUNS

NuUCt R1 R2 R3

5 0.0 CeC 6C. 5883
7 0.0 GeO 226, 8021
12 0.0 Ge 0 15004258
16 0.0 0.0 23646968
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DATE 5-15-70

TABLE 17
LCACING CCNDITIGN NO, 2 {(OUT-OF-PLANE COMPONENTS)

PCCAL CISPLACEMENTS

t GDE (031 02 03
1 =0.C425 ~Celt43 -04 G481
2 0.0014 Ce 0569 -0s (881
3 ~-0.0C40 0.0CR06 ~Ce 0435
4 ~0,0175___ 0.€C92 -0s 1009
5 Ga CCGO 00,0053 Ge C
6 0e G041 ~0e0011 -Ce 0325
7 GeC231_ -C.C052 040 _
8 0. GUNY CaCCT74 ~0s0C39
9 0.0021 0s.CCo1 -0+ 0559
16 0.C015 ____ 0eCC49 ______ =041380 L
11 -0,0C03 0.CC31 -Ce0C33
| 4 -0s00G5 0.CC31 0s 0
13 -0. 051 0.0627 ~0.0114 -
14 ~0.00738 0e OC10 -00 0221
15 ~0e0141 -CaCCLS -0e. 0177
16 ~-0.,0180 ~0sC024 0.0

MODAL REACTIONS

FOOE R1 4 R2Z R3
5 040 C.0 91,5138
7 0.0 Ce G 383,9C43
12 Ce0 Ge 0 $602019

16 0.0 ' e C 337.8730




NO. REV. NO.

ATM-871

Structural/Dynamics Analysis

Report - LRRR ’
LRRR Assembly Frame/Grid Analysis pace i-38 or 3-d(.

DATE 5-15-70

TABLE 18
LOACING CCADITION NOo 3 (OUT-~-OF-PLANE COMPONENTS)

NCCAL DISPLACEMENTS

NGOE D1 D2 D3
1 0.0011 ~Ce 0250 -0,0750
2 0.0060 000582 ‘().11’.8
3 -GeCCB4 G.CC34 ~C. LBGO
4 =0+ 0208 00044 =C,1327
5 Ge CO14 GeCLHO 06 0
6 0,0107 ~Co GOLY ~0s 0311
14 O.0288_ = ~GCsCC51 C.0
8 0. 0C01 CaCl38 ~0.C097
9 00,0045 CoC1l04 ~Ce 1038
1c 0.CC37 CalC16 =Cy 15US
11 -0, 0G0C8H 0.0C48 -0, 0082
12 ~-0.0011 0,CC48 Ce 0
13 026105 040039 -0, 0172
14 -3.0133 Q,CC1l4 -Ca 0327
15 ~Cal166 ~-0.CC28 -Ce 0263
16 ~0a0235 ~0eCG35 Ce O

NGCAL REACT EONS

NUCE R1 R2 R3
s 0.0 020 5249080
7 0.0 0.0 442, 1858
12 0.0 06 C 190 €406
16 CaC 060 453,4341




PREPARED lv_D,______';?- Cha

CHECKED BY

L,Qj‘ ,4556,)06,7 Fr‘ome /47!44/ Se s

D.’nansic Loo.CI P, lyss —— Mal"(-;’/‘/’ O'F 96(-/67“]

7he Cor)br;p«»cl Srress /‘e.Su/'/'aan anc/ M@' /‘"a/‘?'.”' of
54_{947 were CQ/CM/Gfﬁ"" 'Far Dhe member with the /"05f
critical Stress level +F each /Uar/';’7 cend i Trovs

Cl) Load,nq (}{’7)([v #'767) J

Meomber 17 — Nodel Faint 13

Sv= 3338 - L0/ 57:7 = 33 83§
Sy = 0O.r0/
e, = 323 3088 . o554
& f
or0/f
'05 = —-;'/—"—-"""'n ovoe3
/

MS =

J 0554+ D.003*

(2> Loac/;ny Conditrer &
Men,éen /g Noc'/a, POJN', J

Sw= #2672~ 7.827~0.45) = 4.594°
gg = /,y. 5’8@

ég‘ __‘f;‘__.__mj._ = 0,¢7f
/

BxAS82




Ms. = -/ = 0.57

S oorir 0832’

et G o ST R LA 3 A R~ R R R L

g s a——— o eyt som

3> Loacling Conditir 3
Membor 18 — Ntk Pourd &

Syz ~067)~24 208 *° 31y = 24 .44y
Sy = -og72

A, = 24 487 = 0.l

&/
b= 2772 _ 5 os
3/
/ .
M. = -5 = Lu¥
\/0,4«&;1}} Do>s”
Loa 41/77
Corictstran Zz 2 3
LM, S. O 8o 0.5 [ ag

BxA 542




	Index


