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The purpose of this analysis is to determine the structural effect on 
A LSEP of an inadvertent rocket motor firing before the ASE is deployed. 
The chit specified a 5000 lb. force for 12 milliseconds simulating a #1 
Rocket Motor firing. Because the force and time were based on preliminary information 
a review of Reference 2 was made to determine the actual worst case 
impulse curve. This was then approximated by the impulse curve of 
Figure 4, which has a peak value of 4200 lb. and a duration of 7 milliseconds. 

The structural configuration was treated as a 2 degree of freedom 
linear elastic system, Sections 1. 0 and 2. 0. Transmitted forces and dis
placements were computed, Section 3. 0. This analysis showed that a peak 
load of 4950 lb. would be transmitted to the ASE mortar box. This load 
represents an amplification rather than a attenuation of the applied load. 

Based on the computed loads, Section 4. 0 determines that negative 
margins exist in the mounting pins (dwg 2335837). Indeed, it is probable 
that two of these pins would fracture. However, the remaining two pins 
are not expected to fracture. Therefore, the ASE mortar box should be 
retained by the remaining two pins together with the thumper assembly 
The grenade itself, will be retained by the safety pins. Therefore, although 
extensive damage would be done to the ALSEP, it does not, appear likely that 
the grenade would separate from ALSEP. 

A study of Ref (1) shows that firing tests were conducted on 
the launch assembly with restraining pins through the tubes. These 
pins were installed specifically to restrain the grenades and prevent 
them from leaving the launch tubes, in the case of inadvertent firing. 
Test reports show that these pins prevent the grenades from exiting 
from the tubes although some tube deformation is possible, 
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Figure J. Dynamics Model of Active Seismic Package 

Active Seismic Experiment Accidental Detonation Study 

1. 0 Dynamics Analysis Model 

The dynamics analysis model of the active seismic experiment under
going accidental detonation of the number one rocket is a two degree of free
dom system as shown in Figure 1. In this model the following definitions 
apply: 

m
1 

= mass of firing rocket (grenade) 

m
2 

= mass of remainder of experiment package 

k
1 

= spring rate of grenade and restraining pin for firing rocket 
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k
2 

= spring rate of mounting pin system to ALSEP pallet 

F(t) = thrust-time function of rocket 

= absolute displacement coordinate of firing rocket mass 

= absolute displacement coordinate of remainder of 
experiment package 

It is desired to know the relative displacement x
1 

- x vs. time 
and the relative displacement of x

2 
to the ALSEP package w'bich is con

sidered as rigid. These displacements multiplied by their respective 
spring rates indicate the forces developed in the structure. 

Equations of Motion 

The equations of motion describing the system were derived to be 
as follows: 

F(t) 

. Add and subtract the quantity m
1 

"x"
2 

to Equation (1) and 
def1ne x = x

1 
- x

2
. 

Then Eq. (1) becomes 

kl 
+ x·z F(t) X +-- X = 

ml 
ml 

and Eq. (2) becomes 

kl X+ xz + k2x2 = 0 

mz m2 

(1) 

( 2) 

(3 ) 

(4) 
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The time solutions for x and x in Equations (3) and (4) were 
determined in two different ways: en the Laplace transform method 
and, (2) direct integration by means of the IBM-360 Continuous Systems 
Modeling Program (CSMP). The two different methods gave identical 
results which served as a check on the calculations. Method ( 1 ), using 
Laplace transforms, was evaluated for only a portion of the solutions 
while Method (2) was used for the parametric variations. 

The details of the Method (1) solution are included in this document 
for the sake of completeness and to offer a nearly closed form solution 
for Eqs. (3) and (4). These details are as follows: 

Take Laplace transforms assuming zero initial conditions.~' 

2 2 2 
(s + w 

1
) x(s) + s x

2
(s) = f(s)/m

1 
(5) 

. 2 2 2 
-w 

3 
x(s) + (s + w 

2
) x

2
(s) = 0 (6) 

where 
2 

w 1 = k/m1 

and s = the Laplace transform variable 

':'For example see Churchill, Ruel V. Operational Mathematics, McGraw 
Hill Book Co., Inc. 1958. 
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These equations can now be solved for x(s) and x
2

(s) 

0 

x(s) = 

x(s) 

2 
s 

2 
s 

The denominator can be expressed in the form using its roots 

so that 

2 2 2 2 
D = (s + 13 ) (s + >.. I 

2 2 
f(s) (s + w

2
) 

x( s) = ----:::--~ 
m

1
D 

where 
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(7) 

(8) 
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The inverse transform of Equation (8) will now give the desired expression 
for x(t). This can be accomplished by using the convolution integral for 
products of transforms. 

x(t) 
1 

sin 13 (t - T) =--

2 2 
(w2 - A ) J + 

2 2 
sinA(t-T) F(T)dT 

A (/3 - A ) 

(9) 

Equation (9) can be numerically integrated with F ( T) being an arbitrary 
function of time. A similar process yields for x

2 
(t): 

2 t [1 . 1 . J ..,
3 5

. -. sm i3 (t - T) - >;:" sm A (t - T) 

x2 (t) = ~ 2 2 F 
1 o A -13 

(T) dT 

The second method of solution to Equations (3) and (4) is a direct 
integration "analog" type of solution. Results of these calculations along 
with details of the method are given in section 3. 0. 

( 1 0) 
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2. 0 Structural Stiffness Calculations 

If the #1 grenade rocket motor should be ignited while the grenade 
assembly is pinned to the launch tube assembly, the load path of the thrust 
force would be as follows: 

A. From the rocket motor thru the four welded motor tabs to the 
grenade housing. (K ) 

a 

B. Thru the grenade housing to the safety pin (Kb) 

C. Thru the safety pin to the launch tube (K ) assembly. 
c sn. 

( E. 

Thru the launch tube assembly to the mounting pins (Kd) 

Thru the mounting pins to the ALSEP sunshield (K ) 
e 

The elasticity of the path A, B and C provide the compliance which 
is modeled as the spring K

1 
in section 1. That is: 

by: 

= l 
K a 

+ 1 
K 

c 
(Eq 2-1) 

Similarly, the compliance modeled by spring K
2 

in section 1 is given 

= (Eq 2-2) 

The numerical values for K thru K are calculated on the attached 
sheets. 

a e 
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3. 0 Computed Loads 

The CSMP program results for the peak forces F 1 and Fz are 
parametrically presented in Figure Z. Results are included for zero 
damping and for 10% viscous damping. Each force is then the sum of 
the products of the appropriate spring stiffness times deflection and the 
viscous damping coefficient times velocity, i.e., F = Kx +ex. It is 
believed that the assumption of lOo/o viscous damping is realistic for this 
problem. Figure Z shows that this assumption has little effect on the cal
culated value of F 1, but decreases the calculated value of Fz by approxi
mately 1 O%. Because of the uncertainty of the load paths in the structure, 
the calculated spring rate Kz is varied in the range from Kz/z to ZKz 
thus bracketing the calculated value to determine the effect of its change. 

The graphs of Figure Z show that the calculated forces are not par
ticularly sensitive to the value Kz. If the actual value of Kz is lower than 
that predicted, (for example due to yielding) then the calculated force value 
based on Kz is conservative. Based on these considerations, a load value 
Fz of 4950 lbs. is chosen based on Kz = • 01295 lb/in. and a viscous damping 
coefficient of 10%. 

The computer program used in calculating these results is shown in 
Figure 3 with a typical set of input and output curves being shown in Fig
ures 4 thru 8. The equations of motion here have been extended to include 
damping. 
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4. 0 Stress Analysis 

This section consists of two separate studies: (a) Evaluation of static 
and firing tests conducted on the grenade launch assembly (Ref 1); and 
(b) Detail study and analysis of existing grenade launch assembly attach
ment structure to ALSEP. 

(a) Evaluation of tests conducted on G LA 

A study of Ref (1) shows that firing tests were conducted on 
the launch assembly with restraining pins through the tubes. 
These pins were installed specifically to restrain the grenades 
and prevent them from leaving the launch tubes, in the case 
of inadvertent firing; ""i They are removed when the experiment 
is deployed. For the large grenades (1) and (Z) a 3/16 inch 
diameter and a 5/16 inch diameter pin pass through the tubes 
(Ref Dwg 14>10Z98-l4). For the small grenades (3) and (4) 
one 3/16 pin is used. Test reports show, that these pins 
prevent the grenades from exiting from the tubes although 
some tube deformation is possible. 

However in these tests the tubes were resting vertically on 
a concrete slab which resisted thrust forces and no effort 
was made to simulate the attachments to ALSEP. 

It is concluded from these tests that the grenades will remain 
contained inside the tubes unless pins are removed prior to 
firing. However, since the tests did not simulate the attach
ment to ALSEP there are no assurances that the ALSEP mount
ing pins will not fail under grenade launch motor thrust forces. 

(b) Analysis of G LA attachment to ALSEP: 

The attachment of the grenade launch assembly is shown on 
Bendix Dwg Z334845, sheet 4. 

The launch tube assembly has four pin sockets on the lower 
side which mate with pins on the ALSEP sunshield (see page 
ZZ - for Pin-Socket Interface Detail). 
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Immediately above these pins on the upper side are four 
preloaded pressure pads which resist upward movement 
of the package (See page 20). Although these pads can 
resist vertical load, their resistance to horizontal load 
is entirely due to friction and is neglected. 

Pages 21 - 32 show an analytical investigation of the 
lower pins. 

Usually a stress analysis is conducted to ensure that a 
structure will not fail under specified loading conditions. 

This analysis is unique in the sense that a stress analy
sis is desired for a circumstance which was not ori
ginally considered a design requirement. As a result, 
well defined load paths have not necessarily been de
signed into the structure. This causes some uncertainty 
in the results of the analysis. 

Pins at A, C, and D would be free to move if it were not 
for the friction forces due to pre -load on screws through 
mounting plate end retainer (see pages 22, 28 and 29). 
In standard analysis, it would be assumed that all pins 
except B were free to move. This would neglect unce.rtain 
frictional forces, a generally accepted, i. e. , conservative 
stress analysis approach. Since frictional forces, to some 
extent exist, they have been considered. 

It is probable that fracture will occur under condition 1 
at points Band C (Page 15). This fracture will be in 
shear and bending at sect. C-C (Page 22). After this 
complete separation, some small resistance to move
ment will occur due to friction effects. The entire box 
will tend to rotate about point A. Fracture at A and D 
is improbable but if this should occur, the entire 
package will become lodged against the posts shown on 
Page 15 and Dwg 2334845 sheet 4. Damage to surround
ing structure from release of rnechanical energy should 
be small but this does not preclude damage from thermal 
effects. 

_,j 
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To positively evaluate the effect of inadvertent firing a test 
should be conducted on a simulated pallet with mounting 
pins and other GLA interfaces similar to flight hardware. 
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On the following pages, the motor package stress analysis loading 
diagrams are shown. 

For load condition 1, all loads are assumed reacted at C and B due 
to their stiff load paths. Since subsequent analyses show that under this 
load pattern failure will take place, this diagram does not show the true 
condition. After failure of B and C the package will deform considerably 
with reactions at A and D. 

For condition 2, considerable plastic deformation and slippage will 
take place but complete failure is unlikely. 

The ALSEP structural interface should withstand the loads of 
conditions 3 and 4. 
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ASE - Upper Support 

Pres sure Pad Detail 

The sketch on the following page shows the upper mounting pad details. 
Using the torques specified on the assembly drawing Z334845,sheet #4,pre
l<iads in fittings have been calculated. Pre loads are small and the upper 
attachments are incapable of resisting high loads. Friction forces tore
sist horizontal loads are so small as to be negligible. 
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ASE - Lower Support 

Pin-Socket Interface 

The following pages show the analysis of the ALSEP to ASE interface. 
As previously discussed, the attachments will not resist a load due to an 
inadvertent launch, although complete separation is unlikely. Allowable 
bending moments on the pins have been determined and compared with ac- · 
tual moments. Actual point of failure on pin B will probably be a~C-C, 
it requiring the least energy to fail at this point, although imminent failure 
will exist through the entire pin. 

The accompanying sketches give sufficient data so that analyses can 
be followed. Referenced Dwgs give complete information. 
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