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The analysis reported in this ATM was performed in response to a
Question posed by NASA, chit # 2.3-2 of Flight 4 Array C, Delita CARR
meeting held at Bendix Aerospace on 25 June 1970. The purpose of this analysis
is to determine the structural effect on ALSEP of an inadvertent rocket motor firing

before the ASE isg deployed.
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Introduction and Summary

The purpose of this analysis is to determine the structural effect on
ALSEP of an inadvertent rocket motor firing before the ASE is deployed.
The chit specified a 5000 1b. force for 12 milliseconds simulating a #1
Rocket Motor firing. Because the force and time were based onpreliminary 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 1b. 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 1b. 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 1. 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: :
rn1 = mmass of firing rocket (grenade)
m, = mass of remainder of experiment package
k =

1 spring rate of grenade and restraining pin for firing rocket
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kz = spring rate of mounting pin system to ALSEP pallet
F(t) = thrust-time function of rocket

%y = absolute displacement coordinate of firing rocket mass
x, = absolute displacement coordinate of remainder of

experiment package

It is desired to know the relative displacement X, = X, V8. time
and the relative displacement of x_ to the ALSEP package wzhich 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:

rnlxl-l‘k1 (xl-xz) = F(t) (1}

mxz-kl(xl-x2)+k2x = 0 (2)

2 2

Add and subtract the quantity m1 'x2

define x = xl - xZ.

to Equation (1) and

Then Eq. (1) becomes

k1
SR~ PR i1 | 3)
1 m
1
and Eq. (2) becomes
Sk ks %, + k2% . oo | (4)
m m
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The time solutions for x and x_ in Equations (3) and (4) were
determined in two different ways: (12) the Laplace transform method
and, (2) direct integration by means of the IBM-360 Countinuous 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 sclutions
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 Egs. (3)and (4). These details are as follows:

Take Laplace transforms assuming zero initial conditions.*

2
(s2 + w ?) x(s) + s xz(s) = f(s)/m1 (5)
: 2 2 2
- =0 6
w3x(s) + (s +wz) XZ(S) (6)
where
' 2 2 2
w) = kl/ml w5 = kz/mz wy = !—:l/rn2
and s = the Laplace transform variable

*For example see Churchill, Ruel V. Operational Mathematics, McGraw
Hill Book Co., Inc. 1958.
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(s) s

™y

0 (s + "":)
x{s) = I

{s + w,) sz

—wi (82 + wg)

(s) (s° + )

2 2 2 29
1[ + (w +m2+m)5 +wlw2]

x(s)

The denominator can be expressed in the form using its roots

D= (sz+ﬁ2)(sz+)\2)

so that

2 2
f(a) (s +m2}
x(g) =
lD
here L
wile . 11/2
2 2 2
2_(w +w +w3)~ _(1+r.o +w,) —4(.01032_
p= 3
- 11/2
2 2 pA 2 2
)\2_(“1+w tw,) + (wl+w2+w} -4w1w2.

(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.

———

2 2
. . t (mz-ﬂ )
x{t) =— é —_—_— sin B (t -~ T)
my s 0%-p?
(s - 1 %)
—, sin X\ (t - 7T) |[F (r)dT (9)
N -

Equation (9) can be numerically integrated with F (7) being an arbitrary
function of time. A similar process yields for x, (t):

mi ,t -]E.sinB (t-'r)--;l:sink(t-'r)
X, W)= S >3 F(r)ydr  (10)
1 (o] A -B

" 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.
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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. (Ka)

1 B. Thru the grenade housing to the safety pin (Kb)
C. Thru the safety pin to the launch tube (Kc) assembly.
'D. Thru the launch tube as sembly to the mounting pins (Kd)
E. Thru the mounting pins to the ALSEP sunshield (Ke)

The elasticity of the path A, B and C provide the compliance which

"is modeled as the spring Kl in section 1. That is:

+ (Eq 2-1)

Similarly, the compliance modeled by spring KZ in section 1 is given
by:

1 1 1
— m e e
KZ Kd Ke

(Eq 2-2)

The numerical values for Ka thru Ke are calculated on the attached
sheets. .
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3.0 Computed Loads

The CSMP program results for the peak forces ¥y and F; are
parametrically presented in Figure 2. Results are included for zero
damping and for 10% viscous damping. FEach 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 + cx. Itis
believed that the assumption of 10% viscous damping is realistic for this
problem. Figure 2 shows that this assumption has little effect on the cal-
culated value of F'y, but decreases the calculated value of F2 by approxi-
mately 10%. Because of the uncertainty of the load paths in the structure,
the calculated spring rate K, is varied in the range from K/, to 2K,
thus bracketing the calculated value to determine the effect of its change.

The graphs of Figure 2 show that the calculated forces are not par-
ticularly sensitive to the value K2. If the actual value of K, 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
F, of 4950 1bs. is chosen based on K = .01295 1b/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-
ures4thru8. The equations of motion here have been extended to include

damping.



e [ Pl i RN t 1] i I i
i | I | I NN RN ! IF i
R IR A H R IR 1l i i T
! T NN I ] T ' Ty
, S S S S St S : e
H ! ! : .- i 3 i t i H Dok i
[ T (IR i L T R : T i (R
] T NSO RSN A AT B N N O T ,m
- “ ; ; : i : e i L : R I T
. Pt i Pt ! : [ P i1 AR EEEEERNENE [ i
d H N ] T ' L ' 7 I H L i : s S .
g . T A ! | X ;i . R : !
) ; [ IO I N S : T : :
! { *E ! T 7 H o =T T - I - s e
: : ! i i . . [ i : . i
] T 7 T T I SN M # i ! i . Lo

: . T [ AN AR " R SR , i
- . i 2 : P P : IR 1 ! . : N | i P .

: . ] T T U R T I ; T T - — —————e
U N AR : : i T T ; : e
- : ! I IEN AN Ly L g : i L L :

G} o L m P AEEEEE Y SRS RN i 9.
— s L ™ - L " 1 R Ci : e mee]
. ¥ ; 1 ' . L 0N H T i T ! 1 [x* I
N : r b . L P H B
i T ; _ -
- 4 . B oo e
R 1 i B ' : ' .
B T i i T .
S 1] P H : i o S - PR R
e — ! : [ R SISO ST :
bmer e sk e e [ re e e e — - —— E—— H T
t
- .
Do : i
S [—
- - -
i Y. S
U . ‘I\.” —
i IS SO S
! i i
H : s
: A i
: b eay
_ i BTV TN
T Lo
; —
] H T L
t H N
. . .
i N e
HEE T - 4 il i
| HR T R s 5ot i
f I : i I .
: = -
H .0.. i ——
oy [ad] pt-
i - ool
[V TR SOV HAUUDUNNEING OO FORURE S
. . .. ! —_ ———ia -
T lagrr ¥ i
L e
Pt H : i i ;

e pew ot vn

ZRLO 9F

DD HFSSI VT N340
SR O

I

HMLMNE FHL DL QX O

Figure 2 Peak Force Values



..

ye
i

 QUTPUT VA<IANLE
T OM1SO  3M25%
v?;X?DHY X

 OUTPUTS
I . 194500}

_ ENDJJd

srenCUNTINUOUS SYSTEM MGDELING PROGRAME#%*

FhoviCoLed INPUT STATEMENTS®®X
TITLE ACTIVE selSmIl
TITLE JULY 1970
ONSTANT K1=173000.s K2=12950.4 Ml=,2272
L1=T7.8% « £2=3.59
INIT DAL
GM1s s K1/ML
GM2Su= K2/M2
OM330= K 1/M2
Dl1=C1/M1
Q2=(Z/M2
D3= L 1/M42
FUNCT ION FOFT=s G.0s0e0s
GYyNasiIz
AJUTI==LM1ISOeX =X20UTO ¢ FORCE/ZML =-D1#XDOT
A2DATO=GM3ISORX  ~0OM250%X2  +DI*XDOT -D2*X200T7
ROUGT =INTGRLLUOQ.XD3TD)
X2OST=INTORUI Q.4 X2083TD)
X=INTGRLIO.«XJ0T)
X2=i%TLL{ 0. X2007)
FORCE=AFCENIFTFT, TIME]
Fle{lxX +C1¥A207
. F2eREvN 2 vL 2442007
TIMER DELT=,00l0S8  LFINTIM=.02
PETPLT XekZoFl,F2eFURCE
PRINT (M153, O¥253, UM3ISO,
LaZZl SCTIVE SEISMIT STUDY
METHD RKSFX
END
§Tap

STJ4DY

4002.90°¢| .005""2031' .037'0-  J 002‘0‘

+PRIEL=.0005,0UTDEL=.0005

x200T0, X200T, XDOTD, XDOT_

SEQUENTE

4353 01 32 703 T PORCE  X2007D XDOYD  xooOf
AZ FY_ O F2 .
1L.PUTS  PaRAMS  INTE3S # MEM oLKS FORTRAN DATA COCS

©5{1430) 11{4030} 4+ 0= 4{3CO) 15(500) il.

it e — . e e e [

JH29.0327,cas

- e 5 e PR - -
— o ke e apem e - —_ - an
i - j— - = e me e
RPN VAU —_————— - ———
S e - = -
—— P P A o

- e

- [ O -
- AR et = e e
- [or—— [
»



ALTIve SE1SMIC STUDY

TIME - Z€C FORCE

Dal J.0
S.uQCCI-04 2+25G0E
1.C000E=u3 . 30008
I.50008~0 6.7500€
2.0053J3-0L3 9.0G02E
2.5D00F=43 1.4500E
3.0300E8-03 2.000LE
3.50005~U3 2.+ 5500E
£-03 3.1G0uE
e SLIGIN3 3,000
5.L00C0E=L3 4. 2000F

5.9u0IF-C3
6. O500F=0a
6.500652-03
TeH Gu=03
T.33202-3%

i LI b |

S hulut~C1
G.G0CUE-33
9.500uLE=L3
1.2305€8=-07
1.0500E-42
1.1300E-52
1.1556e2=-22

1,243

LaSCoGlE=L7
1.5%u0F=02
Yo dwE-D2
1.8380e~02
17300802
1.153L8=-02

1.3500F=02

1.353uE~-02
1.3353s~C2
1.93533E=-02

2.000uE-02

3.15008
2.1U008
1.0500E
1.171%¢

OOCOOQ

9.0
.0
Jed
3.9
0.0
0.0
.0
9.0
6.0
0.0
¢.0
G.a
$.9
$ad
GIG
0.0
5.0
J.0
2.0
0.0
a

0
o
3
0
0

02
02
02
02
03
3
C3
C3
03
03
03
G3
a3
~02

RINTMUM
G.0

el et ot

FORCE VERSUS TIHE

PAGE 1

MAX TMUM
4.2000E 03
I

p 2and1g.

81



%,

ACTIVE SEISMIC STUDY

PAGE 1

AINIMIM X VERSUS TIME MAX I MUM
-4.32238-03 o ) 2.3556E~-02
T I4E X 1 ’ . . 1
G.0 ) 6.0 = —meee—- * o . .
5.0000k~04% T7.8234E~04  wmm——w-e -+ T
1.0D00E~03 2.2195E-~03 cemcme—e-ma +
1.5C0G0E~03 340359E+03  —-ce-smssee-- +
2.00008-03 4¢4534E-03  —commeeeeee ——
2.5C00E-03 6.70336-03  —=me—=—m= ————————— +
3.0000E-03 1.01576=02  -—-—---- e e e e
3. 5000F-33 1.2T10E=02 2 m=w=emmmemme e v —ea
 4.0U0UF-D3 1.61TIE-02  =wemesccccmcccmccc e e —ce———————— +
44 SUL3E-03 1.92875-02  wrme-msmmee e ——————— +
5,00L05-03 2.2T678=02 =—=rmemecme—a—n—a o e e o i o e e o .
S.5033E-03 2,0832F=02  —---—--m-—— —————— ————— ——— —_——— -
5L UNIUE=03 1.39756-02 2 —-momr s s r s e s m e e e e - ————— *
6.5006F-03 1.1804E=02  meemeecmmewas - e
7.0500E-93 5.25832E-03 mreveem—emee—eae— + )
T.520UE-D2 4,5185E=03  wemmmmmmeea—ee- +
8.050LE-03 L EBREE=D3 meememeem—em—eeo +
8.53(0C~03 2.3192E-033 smmm-mmmemne +
9.05030E-23 2.1BZ2E-03 —emmmmmeme- +
G.5CD0E=03 w8 ,2622{-35 @ wme-m-w +
1.000D0E-02  =9.8225F-04  ===== + e )
1.35008~02  ~2,3880E=03 ===+ :
1.1000E=02 ~3.3551E=-03 -+ i L _ N
1.18008-02  =3,91C3E-03 +
1.26G0€-02 ~4.3223E-03 + - )
1a2500E-02  ~4.13GAE-03 *
1.30006-02  =-3.8004:-33 + ) L
1.35055-02  ~=3.,0451E-03  --+
1.4000F=02  -2,1356£=03  ~--+ o o o
1.45C008-02  -1.0701E-G3 ~---- *
1.53008-02 3.9055E=0%  =—--—=- ¥ e i o
1.5500E~02 1.07762-03  ==-r==e=- + i .
1.6000E-02 1.99322-03  =——~===v=-== + _ o o o
1.5500¢=-G2 2469528 -03  —eeem—-oe- -—
1.7330F=02 3.1493LE-03 mrememeseeeae - o 3 ) . X
1.7590E-02 3.31476~C3  rmemmmcece——— +
C1480G0F=D2 | 3L 2017E-03 eememmmemcee—- T o
1.85GGE-02 2.8293E=03 ~mmmmmemm—ea= * ' ’
_1.9000E-02 | 2423%1E-03 _ ~—-—------- * L i o
1.9560E-02 1.4927E=03  wmemew—e=- *
. 2-.0000€E-02  £.5579E-0%  ~-=-7--- -+ e e e e en . - R
oo ot o - - . o e - - P

g eanfiz



ALT ive SzISHMIC STUDY

T IuE
0.0
5.003LE-CH
1.C00GE-02
1.3653538-03
2wl i%eE=03
2.55C08-03
3a0uGur-303
3.50L08~03
4o GOOLF=CD
4.5C00UE-03
5. 3000F-03
5.3034e-03
6. CGO0E-33

£53307-03
T.02%0c~03
T.5002E-03
d.U500F-d3
§.5000E-23
F.05532-33
S.5305E-03
.02l
1.0833F~02
l.1s028~82
1.1%02E~02
1.200Ce-02

Sel3E-02
v} -2
Tool-22
SLE-U?
SUE=G2
TLE=02
GE=-D2
SGE-Q2

[
[ W™
[y

]
L]
[

LN T R DT TR T R R B I}
]

B Y O e A L UV A alL LRV Bt
Qo oG

Gt ¢ € G O

FIV R PYL MY P oy RTE IS TV P P T e s
1

[ I R e L L
1

OO OO0

[N O

LYUIRY (O AFRRY vl R VIR PRV SE WL VU UV Y AR

&8

LI

MINTHMUN X2
-2.9353:-01

X2 .
0.0
G.THLHE-OS
1.5094F=03
S5.72T%E-(3
1.34908-02
2.5735e-02
&, 4351E~(2
T.140%E-02
1.0745€ =01
1.5284E~-01
2.06T76E-CY
2.0724E=-01
3.237T5%-01
J.cIHGE-01
3.786)E-0G1
3.61?QF‘01
3.1558F =01
2+4553E-G1
1.58¢36-01
6,204%40E~02
-3.4341£-02
-1.2390E~01
-1.9913F~-01

-«2.5447E=01

~£+8615E~Cl
~2.928GL-C1
~2.T496E-01
=2.3521E-02
-1.7782F=01
=l.UBRLIE-0]
~3.3230e-02
4.124CF-02
1.08587E-01
1.644GE-C1
2.U037¢E-01
2.2451E-01

 2.2574E-01

2.0826£-01
1.7437E~01
loETbﬁE-ol
T.2512E-02

e e e i -

VERSUS TIME

PAGE 1

MAXS MUM
3.T361E~01
I

________ e o e 2 e e e
- o -
--------------- _—————
- ST 1Y T
e - o i
..................... -

;
----------------------- ——
o 2 i o e i e e
= 4 ke e e e s - — -—
————————— -t e i e i -——— - i
----------------------- i . i et e o i e
............ ot S e kS
--------- - — - —_ ]~ 7 o o o
_______________________ e o e B i
______________ A 2 e 1 7 e e e e e e e
_____________________________ T §
e —————— e v ol o b e A S e e
_______________________________________ +
et n s s i 2 o e o
............... ————————
— e -
o et e ! b
——————— * .
-— ;
.

.
+
-t
-~ -
-------- +*
- —— v
__________ [ Y
g oy S M e e oy e i —— i i — ¥
————————————————————————— g
—————————— - o o e A o A
e o o ke A o T P A e oy ———— i
8 e o it o e o o o e -— N
o +
[ nu-*wboﬂﬂi—“ ________ PP ——.
__________ e o i
--------------------- '~-—--___-_+
------------------------- —- g

9 sandry



ACTIVE SEISMIC. STUDY

TIME
0.0
5.0,C0E~C4
1.C300F-03
1.30C0E-C3
2.,L503F~03

"2433u0E~03

3.03058-03
3.5306E-C3
4, U303E-GD
4.5003E-03
.00 33003
5.5000E-03

S ellLoeE=03

6.5700:~-03
T, ootoE~03
T.55uF-03
332508 -03
8.3300E-03
S.u30ei~-03

© Ge50CUE-G)

1.205808=-02
1.05uCE-02
1.1003E8-02
1.13305-02
1.2400E-02
1-255‘.E"DZ
1.3320E-02
1.3500E-02
1.47J05F-02
L.4585E-0C2
1.%32028-02
l.55063E-02
1.¢550E-02

1.69%08-62
1L TIWE-02
1.7500E-02

1.500CE-02

1.35C5E=-02
L 1.9030E-02

1.95Q0E=02 .
2.00C0E-02__

Fl

0.0
1.6204E
3.5684F
5441 SE
1.920G5E
1.2164%
1.7490E
2.2468E
2.85Q7E
3.3857E
3.9915E
3.4415F
2.3837%¢
1.96308
8.2033¢€
Y.3220k
7.3353¢
3.9595E
3,544 1F
-4.2540E
~1.A228E
-4,3813¢
~5.3762F
~6.07&1¢
~T.4TEBE
- 7112"6F
~5.4897¢
. =5413C3E
3,54 24E
~1.6736E
2.355%E
2.0218¢
3.5848E
4. T53SE
. 544964
. 5.7378E

5.5003F

4.81T6E
3. 76T72E
2+4560E

-

_.1.00C1E 02 _ -

PAG
MENTMUM
-7.4831c 02

Fl VERSUS TIME

£ 1

MAX I MUN

%.1031F Q3 |

------- +

02 wmmem-- --+

02  =mmmwm———- -+

I ——t

02  emmmmmmr—wmme—- *

03  memem—— e —————

03 —wememseme—e—weea- m————

03 =mmmeemc—m—m—mm e e e +

o T it +

03 R T e e e e e s e o o 2 -
03 mmemm——m— e o e -
g3  mmemem e me e e eem e ae e —————————— +
03  emeeeemmecmcmee e e ———

03 | mverm e o —— +

02  ——————- vt —— + L

02 mmmmmm—ee w——m——t

€2 —mmmem- e . e
G2 mmemm—a e :

w2 =eres sTEs o e e .

0L mememo-s . .

B2  emmeed o

02 ~--% .

02 -+ . R .
02 +

Y- P C e - e

02 .+

vz -r e e e

o2 -— I

02 ===+ . - ) e
02 | —cm-us

S e ]

02 mrmm————— +

02 smrmwmmemee b e
02 T eloeea- ————

02  -mesmme=—e-—n- L )
R .

———4 -

: -
e H.
w
i -1
- i -
o
— e - - ~F. -



ACTINVE
TI%E
0.0
5.0550¢E~0
1.CC2oz=-03
1.5000E~53
2.l =03
2+5C0CE-D)
3,95C0e-03
3.50020E8-03
fo UL E=QR
4.5C{CE~T3
. 0500803
S5.5GL5E~u3
5.L025E-0G3
&.50C0GE~-03
T«S3GO35=G3
T-3500E8-03
B.33008-03
2.9.00F~-03
J.SoULE~-D3
3.5C05E-03
loooiGE-02
1.05702-02
1.10008-02
1.,1300E-02
1.2560e2=-02
1e23045-02
1.30358=-22
1.368807-02
ToaLJE=-22
1.257302-02
1.220Ce=02
1.35302-02
1.5232F-352
HE-B7 22
11300 e~-02
1« 7320F-0G2
lacugac=-82
1.33(L2=02
1.90502~(2
l.35002-02
2.000CE=-02

-&.SVIu STudDY

£2
0.0
4.2285F
I .8542F
1.1609E
2.6545€
4.4050F
T1.3724F
1.1505E
1.6B4CE
2.3372E
2.0925F
3,903%¢
4,54 7CE
4+9138E
4.902 5K
& 4G 2E
3.tonbaf
2.61 0L
1.2368¢
1.08T6E
-1.1241¢E
~2.2032F
-3.0538E
-30610?E
-3, 84446F
«3.75CUL
-3 ,.3456%
~ZeH9L3E
=-1.8405¢
~5.7T08E
l.14828
1.0511F
1.8577¢
2.4135E
2 «35ERE
2.9853E
2.3631¢E
2.5050€
1.9636E
l.2815E
S5.247T7E

A EY VA

-3.8517¢ Q3

a0

01
G2
02
<2
02
03
U3

Ca.

G3
o3
03

PAGE i
F2 VERSUS TIME MARTMUN
4.9638E 03

H 1
———————————————— -
s B i - Ak i o 2y L
---------------------- +
______________________ +
_______________________ *
o A oy o oy A o -
............. [ Y
____________ - A ke ey o o o e
................................ +
___________________________________ +*
——————— -I——_----—---—_-—-----—-—-*_——--_-‘}
_________ b ke A . T i o e
________________________________________ B N ——.
------------------------------------------------- +
_________________________________________________ +
______________________________ iy iy
e TR +
_____________________________ rs
______________________ -
- e n . ——— +
--------- +
————
-+
+
. -
—-—
—————— +
----------- +
................ *
______________________ *
- - - R
_________ e e ot o o e e s e St e
————— e S o R R W T o S S e
__________________ o L ek .
--------- s S 2 e 2
_________ Py —— .
_____________ e e e e it 0
___________ o e o o

g sanBit

22



NO. REV, NO.
ATM 908
Analysis of #1 Rocket Motor
? Firing on ALSEP PAGE 23  op
g tems Division DATE 10 August 70

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) Ewaluation of tests conducted on GLA

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. | They are removed when the experiment
is deployed. For the large grenades (1) and (2) a 3/16 inch
diameter and a 5/16 inch diameter pin pass through the tubes
(Ref Dwg 14>10298-14). 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 GLA attachment to ALSEP:

The attachment of the grenade launch assembly is shown on
Bendix Dwg 2334845, sheet 4.

The launch tube assembly has four pin sockets on the lower

side which mate with pins on the ALSEP sunshield (see page
22 - 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 conditione.

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 uncertain

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 B and 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 Aand 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 mechanical energy should
be small but this does not preclude damage from thermal

effects.
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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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Loads Investigation

Discussion

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 ALSEDP structural interface should withstand the loads of

conditions 3 and 4.
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ASE -~ Upper Support

Pressure Pad Detail

The sketch on the following page shows the upper mounting pad details.
Using the torques specified on the assembly drawing 2334845 sheet #4 pre-
loads in fittings have been calculated. Preloads are small and the upper
attachments are incapable of resisting high loads. Friction forces to re-

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 o
inadvertent launch, although complete separation is unlikely. Allowable Wl

tual moments.
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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