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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 II 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 lbs 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-LR 3 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 1-6) 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 1-7 ) 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 exper.i.ment 
array points. Dimensions, C. G., wts., etc. are from References (4) and (5). 
Fore and aft loads (along Z-Z axis page 1-14) are applied at points Hand 'j. Side 
loads :along Y- Y axis page 1-13 ) 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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DATE 5-15-70 

SECTION 2. 0 VIBRATION AND DYNAMIC LOADS ANALYSIS 

2. 1. 0 Introduction and Summary 

A dynamics analy!:lis has betm per formed for the array and support 
structure system being designed for the Apollo 14 LRRR. The objectives 
here arc to determine the effects on the dynamics environn1cnt as SC('n by 
the array and to determine the dynamic loads within the structure since 
the support structure is changed considerably, i. c., 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 structure is of a different type. Incorporation of this 
support structure .into the dyna1nics n1odcl is still in the form of influence 
coefficients at the four attachnwnt points which arc developed in another 
computer program. Details of that portion are given in Section 3. 

The objectives of the dynamics analysis are to compute the acceler­
ations at selected locations throughout the structure and to determine the 
resulting dynamic loads associated with these accelerations. When these 
loads are determined for the generalized coordinate locations, they can then 
be applied to the support frame 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 discussed in BSR 2R35, dated November 1969. 
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The dynamics analysis model is shown in Figure 1. 

ATM-871 

PAGE 2-2 OF 

DATE 5 - 15 - 7 0 

Input levels arc shown in F'igure 2 for the random input and in 
Figure 3 for the sine 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 lb 
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: 

::} X-direction at array/bracket 

u 3 interface 

uc X-direction at center of array. 

v 1 1 Y -direction at array /bracket 

v 2 ) interface 

w 1 Z -direction at array /bracket interface 

:X 
1 

x 2 X-direction at bottom of bracket 

Subscript number refers to location shown on Figure 1. 

2-47 
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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 1, 
X2, X3, and X4 is shown in Table 1 wherein the maximum sinusoidal acceler­
ation is given along with the rms value 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 g2 /cps specified level at a low frequency peak, but 
the overall level is still much less, i.e., 3. 7 39 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 l1c and the z-direction Figure l4c. 
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As discus sed 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 threP-din1ensional 
program from which the reduced stiffness matrix is detennincd for use in 
the dynamics analysis program discussed previously. 

The computed accelerations and the redundant frame stiffnes::; 
matrix provide all the ne ce:-;sary information for cmnputing tht> dynamic 
loads at the array attachment point:-; and on the array. 

The three-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 

[k] = [ B] T [ 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} fK] [B] [k]-l {Q} (2) 

and 

{S} [B) [k] -l{Q} (3) 

where P is an internal load and S is the displacement. 
n n 

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

Calculation of Load Vectors 

Random Loading 

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

[Q]T = [m] fAJ ( 4) 

where 

[ m] = mass matrix (Figure 4) 

rAJ = 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 con1pute 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 location the 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 separately and combined into one load 
vector for each frequency where a maximun1 sine response occurs. 

For the sinusoidal loading case there is only one Q vector per fre­
qutmcy selected and {!ach o1H: will product! a sd of internal loads and dis­
placements. 
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Application of the foregoing procedure 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 din!ction perpendicular to the plane of the 
support structure. The y and z forces also cause moments in the support 
structure due to the bracket height. These forces in turn induce further 
forces and moments in the structure. This l.s discus sed further in 
Section 3. 0. The loads are unequally distributed due to the a s.ymrnetrie s in 
the attachment structure and combined translational and rotational acceler­
ation forces being reacted. 
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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 
were not at the exact locations as the con~puted accelerations, the two should 
agree fairly well, and this holciH lrue as indicated in Figures 17, 1H and 19 
which are of similar shape. The test curve, Figure 19 falls in between 
the two computed curves which arc 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 agreed 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 o£ 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 ass~mbly 
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 a~se~bly 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 DE FRAME 
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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TABLE 13 
_ __._l_,_C.:::_A,CIP..G ~CNDIT IGN NO. 1 (OUT-OF-PLANE COMPONENTS) 

~E~6E~ FORCeS ANO STRE~~ES 

BEt-IDING "'ufo\ENTS TORS I Ot-.A L MOME ~T ~ENDING STRESSES TORS IG~AL STRESS 

I'E!"oEk Fl F2 f3 Sl S2 53 
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TABLE 14 
lCACI~( CC~DIT IGN NO. 2 {OUT -OF -F'LAN_E COMPO!>l"~NT_§} 

~E~cE~ FORCES AND ST~ES~ES 

BENOII'-iG JoiGMENT~ TG~SIO~AL f'llJMENT 8ENDING STRESSES TORS IONf•L STKESS 

~.P•oER F 1 F2 F3 Sl S2 S3 
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TABLE 15 
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bENDING f'CMENTS TOr\SICNU MOMENT BENDING STRESSES TORSluNAL STRESS 
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TABLE 16 

__ LQAC_t!'!_C_j:C~PIT_!UtL~9....!' __ l __ j9_yT-OF-PLA:NE COMPONENTS) 

~CCAL OISPLALEMENTS 
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