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ALst? :r~ANSIEN; ANALYSIS· 

This ATM describes the transient analysis of ALSEP (E-1 Model) when subject to 
the LEM-ALSEP trapezoidal pulse shown in Figure 1, and defined in Paragraph B 
of GAEC Interface Document LIS 360-22302. The g level of 10.852 (computed in 
ATM No. 94) has been used in this study. Fi~ure 1 shows the input pulse and Figure 
2 shows the mathem3.tical model. 
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Figure 1 ALSEP Lunar Landing Shock P:tlse 
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Figure Z LEM - ALSEP Mathematical Model 
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ALSEP.·TRA'NSIENT ANALYSIS 

·'I fit reduction 

A differential equation of motion describing the transient response of ALSEP with 
respt~ct to LEM. The motion of the LEM was described for two exciting functions: 

a. ramp type step function (combination of two ramp functions 
shown in Figure 6) · 

b. step function excitation shown in Figure 7 

Digital computer time response program 17A was used to compute the acceleration 
time history of ALSEP response shown in Figures 3, 4, and 5. A viscous damping 
factor of O. 05 was used in the analysis, Array A weight of 126.5 was assumed and 
the natural frequency of 35 cps was used from the model E -1 test data. 

For relative comparison of various pulses, a shock spectrum analysis was run 
using the shock spectrum analysis program (D0-3 by M. Bahn/S. Pohnert). The 
results of maximum response and the residual response for four shock pulses are 
shown in the appendix. This a~alysis is a "standard" shock response spectrum 
analysis and is generally performed on aero-space structures instead of the time 
history response analysis explained in this ATM. The design shock pulse shown 
in Figure 5 is valid for all the experiments in Compartment 1. 

Results 

After preliminary analysis, it was found that the ramp shock pulse shown in Figure 2 
was much more representative of the lunar landing pulse than the step excitation. 
The amplifications obtained by square step excitation were estimated to be improbable, 
and as such, the results were not plotted. 

Figure 3 shows the transient response of ALSEP from 0-20 milliseconds, and Figure 
4 shows the transient response from 20-200 milliseconds. The input pulse can be 
considered to be the sum of two functions. Figure 5 shows the superimposed, response 
of the two ramp functions shown in Figures 1 and Z. In the dotted line's is shown the · 
transient response, and in solid lines is shown the envelope of the computed values. 

A steep rising transient amplification of 1. 09 may be noticed at 4 milliseconds 
(refer to Figure 3). From 4 milliseconds to 30 milliseconds the envelope of transient 
acceleration falls steadily, and from 30-180 milliseconds the transient response 
stays almost constant. For the purpose of simplification in the computations, the 
decay part of the lunar landing pulse has not been computed. It is expected that the 
response g -vs- time history curve will drop steadily from 180 cps to 260 cps, 
registering a negative response at the termination of the pulse. 
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.1\LS]:P TRANSIENT ANALYSIS 

Recommendation 

1. The time history curve shown· in Figure 5 may be incorporated as design shock 
criteria in appropriate ICS' s. 

2. For experiments sensitive to long duration pulse, relaxation type structural 
supports may be employed to dampen the transients in a shorter time. 



• 

·.' 

0 

7 H ~ .:::f'7V'?v1 

c£vt'? oF /NO 

NE(f,ATI V'ta 

fte.sr 
j\ec 

(l·o) ·~- f (_t) 

( I C) J (t) 

X ( {) 

/ 

/ 
/ 

A s ~ pvwe.n'aN' 

~F ~ R~t=> Fvr>/c.nc.t7'f'.s 

-'~------:-----...... t .... Zoo m. S 

t 
'Fo 

' -tone ~ tn1/!. .J e:corel...t 

'i?A-t1f> Tvi'Vc7t'ONJ 1 17-f€: sc:·~D CJF Wm'f!!-11.';;.5 

.:t::>E- '1+-J ~ a1 7Ht n M £ -t.1 ~~ tt:: tHe 
FvNCM'tr'\1 Tile n-RMS t:>F l:> v ~~el... · ~ & ',..,[" 

--
:: 

--

Fo ( +,) 
I S.l\l w . .., t 
rne.v"" 

~(t, Sr"-.1 wt'l t ) .L t 
- t; < I 

Gc;,., t I 



.......... •. AJ~·~;·~~'~·;a 

Pagfj•JJ·t>f·l4 

;:o ~ ?HG. s-e. Ce-N..J) 12 A-M~ F v ""c_.,-; aN' .s "fli r; ~~ .4 T t.J J 

~ .ZNSf'tiC.:"n ~ 7Ht;.. Se; '-u n c/ IV C ~ Be.: W if!',·..,..,. 11. N' l:;>t:.>WI 

0( ~ ~cv'C eA > N /ls : 

l ~ c. ) -- -· x ( t) .::. 

]5:~ S'vp~ tttJfc;,S't 'N<y 

t: . / t, 'B~£"S 

'i- Ct) - G [ l
Ie 

.:rf re ~,. FuN cn·(1'11/' 

·71-h: p1(-f ~nAt~ • ~ 'N" OF moT,. ON oF. '1~ lf!:7.1-

/lw,.._? ~J.S,rtn.1 IS ' 

(6 t) - . m .:;. l. ( t) + C [ )( ~ (t ) - ~I 0 ) J + k I [ 'i ~ ( t) _ >(I O-) J, 
s,"' C!J,., c ) 

Wr,t,. 

Cc>s l.<l~t ) 

c, 
(_~ · 0) rNIO (6 O) 

{_q D)-~ }V) x'l- ( t) ~C. [ Xl.-(_t)- .e._ ( /- Cos CJo1 f ) J 
. t I 

(tv L>)- +/<.I [xl. (t) _ C:;. ((AI,.., t· _ 'SIN W~ f- ) : O 

w~ t, 

T F1 ((_- ,._rt, ~A-fl. A·t .. t' AN J 0 1= ( 9 · ()) ~ (! o r; ) t..J€ /HW c 



, 

Ut-o) · fr7 :f [ :;.._ (_6) J ... C [ ;( [ x·, (t-J] -%; [i.Ltl- t [ C¥:>w.,fM 
... ..... 

J kl J t[Ydt ;] - !Zt, [w .. t. U)- 't (sw w.J )] 

=o 
.:r.t "f~-~r; ftsn.t-1 I~ /r'T ~~ (.y ~ "f~ ~Ul~¢ 
(~. 'A-ffu C:J:) ' we- fM1i.:: . 

fY) s-.. Tz_ (~) ... c I s Xi (J)- ~ ( t- :~+W.,1)j 
-1- t:..., [ · ~ (s_) - 6 . [ ( .L) u;,., · Jj ·· · .. 

(~~·o) D/t ~~c.~) 
~~ 

. "'"' t: I W..., s~ - S:"'-+w..... . J:::ci 

f )······ .. · ,..- .~.·.·. 

'"L .·· .... ·· 5 +W ).. .... ·.·.·.·.·· ... · 
.. i . . · .. . 

T1HE·.~cl 



~.t· J R A"1 r 'f:" vtv en· irN 

S <JIJ,S n 1Vfl N<:; ~,'A{ ( S"· 0) 

..J_ lc.[· :·. "2. (I::) -
{: 

0 f {;J~ t, + .s; .... t.J., { t - c ,) - s,..., "'~ t5~ 
k.. LV""- t 1 _ -:.J·• 

:.0 

c s +-I<. -= ...!::!:. ~ + c.~e - 1 +-e ~~_:._ . J r l. L (-~ ~ 2 -t;, s 3 
K t I 5 5 't_ + LV~'- ' 

E_ S -E!_· (cs +t)(e-t,s_ 1 ) ~ 
let. L ~ + J 

1 s'L .... w...,.'\.... = ------------------~~~~------~ 
s ( sL .. w"'~) ( H J,_ + c .i ..... lc) 

c~t) [c s'--+ w., ') t~ i- s ( 0 +I) cet, ~ ~~ 
--

S ( S"-+<V.,..._)( H ~~-+ Cs + 1c_) 

• 



( 17. 0) 

(18. 0) 

Analysis: STEP FUNCTION EXCITAT.ION 

Consider an undamped system, the response to the step-function excitation 
shown in Figure 2, ,f(t) = F 0 is defined as: 

1 
g(t) = M W 

n 

Using the *convolutions integral, the response is 

.. 
' Fo 

Sin W n ( t - ~ ) (( ·~ X(t) = 

f. is defined as time ( ) at a discrete pulse 

W is the nataral frequency at RAD /SEC. n • 

M is the mass in slugs 

Fo is a constant force in # 

·: X{t) = 
Fo 

K Step Function Excitation f(t)= J= 
. . Q 

Consider the differential equation for LEM-ALSEP transient mathematical 
model (Figure 1) If X is the relative motion, then the system is: 

y Fo 
X + 2 ':;, W nX' + W n 2 n = v-

Whose sol'n is the sum of the sol'ns to the homogeneous equations and that of the 
particular sol'n which for this case is. 

Fo/M W n2 thus the equation 

X(t) = X e- V vz Fo Sin ( 1 - '=' ) W nt - () ) + 
M Wn2 

*Refer to Chapter on "Transient and non-periodic vibration" by W. T. Thompson 

published by Prince Hall, Inc. 



{19. 0) 

is defined as the damping factor = ~ 
cc 

Fitted to the initial conditions of X(o) =·X(O) = 0 Will result in the sol'ns 
which is given as 

X = 
Fo 
K 

where TAN'¥= 

Cos ( ~1 

1 -
2 



. t·" · · ;t;:~:(~·<"':·:· · ,. ;;;~;:_;.~~ ~ ·'.';' ·.~ "!s: 

.llt•t·x ·;lfifiil}lt-·~> 

.PARAMETRIC DATA FOR LEM-ALSEP TRANSIENT RESPONSE ANAL. 

Natural Frequency 

ALSEP Compt 1 Mass 

A = Fo 
u ~ 

W * = 2 x 35 = 219.9 rad/sec. n 

Fo 

K 

1265 
3864 

= o. 3274 slugs 

= 126.5 

a86.4 

126.5 
= 386.4 

X 10.852 X 386.4 = 1372. 9# 

2 
X (219. 5) 

= 171,169.974 #/in 

171,169.974 
= 0. 00802 inches 

1372.9 = 

*Refer to test report ALSEP Compt. ModelE -1 



. -
-6> 

_
. 

I ... 
II 

"" 
• -

(:l_ 
() 
.J 

ij) 
•U :1. 

..., 
~
 

.J 

~ w
 

.. 
I -

I 
.... 

~ 

C
>

 

o-
f 

.C: ~
 

\Jl 
-3 

~ 

(\1
 

. -
-
I
 ... 

)<
 

\t 

C
>

 

~
 

k 
~ 

lj £!.. tt 
0 

.II 
J.l 

fl./ 

C
)
 

I -
X

 

-
I ... "' 

., A
. 

u 
cc 

• 
• 

C
l 

.... 
C

>
 

.. 
• -

..., 
>< 

-
I 

C
>

 
0 

I -
>

 
>< 

u 
z w

 
::ll 

.. 
-
I
 

0 C
)
 

0 
>< 

w
 

I -
0

: 
.... 

X
 

., >
 

"' 
"' 

... X
 

-
I
 

0 C
>

 

... 
X

 
,. 

I -
>< 

.... 0 
X

 
"' C> 

>
-

X
 

0 
>< 

.J
 

><>< 
A

. 
X

 
)
(
 

I 

X
 

I 
)
(
 

I 
>< 

)
(
 

X
 

I 
I 

• 
0 

>
<

-
>

<
X

>
<

)
(
_

. 
X

 
-

I 
0 C

>
 

I 

I --

"' 
... 

"' 
C

>
 

"" 
..0

 
... 

N
 

C
l 

N
 

..-
... 

... 
..... 

C
l 

., 
0 

c:> 
C

>
 

C
)
 

, 
C

)
 

C
)
 

C
)
 

C
>

 
C

)
 

C
>

 
0 

c 
C

>
 

C
>

 

• 
• 

.... 0 • • 
x 

c
x

a
: e 



"" 
-
I
 ... 

. -
.., 

c 

~
 
~
 

"' ~ 
~ 

ll 
:.. ~
 

• 
-

I .... 
I 

-
w

 
C

>
 

.. 
\!)-

.~ ~ 
~ 

.., 
0 

(\o
 . 

. -
f2 

-
I ... 

)(. 
.\I 

C
)
 

lU 
JL 

~ l ~
 

0 
:II 

C
>

 

. -
k
.
~
 

X
 

-
' ... C

>
 

en 
Q

_
 

u 
a:: 

• 
I 

-
>< 

c 
... 

X
 

"' 0 
• -

0 

>
 

u z 
X

 

U
l 

::> 
0 

~
 

w
 

a
: 

' -
X

 
-

' 
0 

... U
l 

>
 

)C
 

Q
 

"" 
V

l 
N

 
w

 
« 

' -
>< 

0 0 

... 
X

 

0 
X

 

.... 
)
<

 

0 
)
<

 
N

 

"" 
0 

...J 
Q

. 
X

 
X

 
• 

' 
>< 

"' 
X

 

' -
)C

 
X

 
X

-
)
<

 
)<

 
X

 
X

 
0 0 

.c
 

• 
N

 
c 

"' 
~
 

"" 
"" 

C
>

 
C

>
 

C
>

 
C

>
 

C
>

 
0 

C
>

 
c 

C
>

 
C

>
 

C
>

 
C

>
 

C
>

 
C

>
 

0 
0 

• 
• 

... C
>

 

• • 
c
r
w
t
r
.
~
-
o
 



., 
.... 

. -
C

J 
c "' '" 

..c 
-. ... 

• -
'u 

c::, 
0 

"' 
l 

" ~ ll 
.. 'I 

"' 
I 

II. 
,. 

.. 
-

i 
' .... 

-
<=' 

"" 
~
 

.~ 

• 
t 

1 
\) )( 

-4i 
(\>

 

I 
r
t
 

I -
'II 

c.>
 

() 
.... 

C
:· 

-
I ... 

I -
0 

"' a. u 
.., 

' 
• 

c 
.... 

. ~
 

>< 
"' 

-
' 

<
'-

• -
c 

~
 

X
 

0 z w
 

::> 
0 

<
t 

.U
J 

I -
X

 
-

I 
0 "' 

a: 
..._ 

X
 

"' > 
)<

 
D

 
>< 
.. 

N
 

:>: 
I 

.... 
X

 
-

I =· "' 
L

L
 

X
 

0 ~
 

X
 

0 
X

 
" 

...J 
X

 
X

 
c 

a. 
x 

)
<

 
• 

x
>

<
>

<
 

I 
X

 
' 

I 
' 

I -
->

<
 

)
(
 

X
 

-
>

<
 

-
)<

 
>< 

>< 
-

' 
c
; 

' 

-
<

D
 

"' 
.., 

C
\J 

C
; 

« 
"' 

... 
"' 

c: 

"' 
.... 

.... 
.... 

~· 
.... 

"" 
c
. 

c
. 

c 
¢ 

p 
0 

"" 
C

>
 

0 
0 

c.. 
c 

I 
·I 

<:t 
... 

. u 
C

>
 

..I 

l"i 
I • 

·~ 
1 

«
>

<
 

C
t.(_':" 

)r. 



. -I 
-

. -I 
-

• -

" 
.. -I -

,._ 
0 z ..IJ 
::> 
C

J 
..!J 
!l: 

I -
t.. 

V
I 

>
 

0 

~
 

a: 
I -

... ;;;> 

.... 0 J 
X

 
X

 

(
l
 

• -
c I<' 
0 

... p • • 

>< 
X

 I 
,. 

I 
X

 
)
(
 

I 

0 
c 

co 
.. 

"' 
"' 

0 
C

>
 

X
 

"' • I 
>

<
>

<
>

<
 

c ... 0 

)C
 

• I 
x

-c c.. 
0 I 

o
.:U

J
v

.-o
 

• 

>< 

X
 

X
 '"' 

>< 

"' 
.. 

X
 

X
 

>< 

c. 
c 

<= 

"' 
,.., 

"' 
0 

c 
0 

0 

I 
' 

I 

... 
-

..... "" 1
'\j 

-
I ... c:>

 

0 

-
• .... a: 

-
• c 0 "' 

-
I 

0 

... 
-

• 
a C

>
 

N
 

-
I 

0 

-
I 

0 

C
>

 
I 

c If'• 
C

>
 

• 

' 

, 

V
l 

tl. 
t_

) 

• v. 

"' :::> • 



. -I 
-

. -I -. -I 
-

>-0 
z U

l 
::::> 
0 w

 
I -

0
: 

I.A. 

"' > tT
 

X
 

"" :£ 
!, 

... 0 

... 0 
,. 

..J 
>< >< 

t:L
 

I -

c It' 

"' ,\r 
..-< 

~
 

co 
I • 

1 ' 

X
 

)
(
 

x


• 
. 

>< 

X
 

X
 

X
 

X
 

X
 

)<
 

.,. 
X

 

X
 

X
 

X
 

L
f, 

c 
... 

~
 

p 

It'> 
I
')

 

0 

"' ~ fl.. 

"" ... <
 ... .. ..... 

v X
 

(d 

"' 
)<

 
I 

X
 

0 
It' 

"" 
(
\
 

C
>

 
C

' 

:t:<
 
)
(
0

: 

C
>

 
... C

>
 

0 ~ 
-c 

.... 0 

iU 

"' ~ ~ .... 
.. 

... 
-

I ... c (
\
' 

-
I ... c c 

-
I
 ... c: 

U
l 

Q
_

 
,_, 

.. 
, 

-
I 

<= 
I.A. 

0 

~
 

-
I 

=> 
u 

, 
" 

-
I 

:>
 

0 

(
\! 

-
I 

::. 

(
\
 

.::. 

I 
>< 

I 
X

 
I 

I 
I 

c. 
x

-
X

X
 

X
 

)
<

 
X

 
-

' 
<= 

U
' 

It' 
1

/' 
{
\j 

.... 
r
· 

c 
c 

c 
c 

C
>

 
0 

I 

"' 10
 

c 
)C

 



>u z ~
 

a ..... . ... . -. -• -• -·-

a: 
I 

-
&

... 
' 

.n "" d ""'! 
'(

/
)
 

' 
~
~
 

! I 

~~ l l 
.. ,_ 
·o

 
_. 0.. 

I
-

.... C
l 

I • 

X
 

' 

I 
-
:
X

 

0 

.... 0 

)<
 

>< 
X

 

:X
 

lf' 
C

>
 

co 

IX
 

)
(
 

x X
 

)
(
 

X
 )
(
 

>< 

"' X
 

X
 

:X
 

>< 
>< 
><>< 

)
(
 

c;; 
c C

>
 

I 

w
(
J

}
-
.P

 ,.., . 
,f) 
)
I 

C
)
 

I 

"' 
c .... 

.0
 

....... C
>

 

... 
_

, .... 0 N
 

_
, .... 

0 0 

-
I .... C

>
 

... 
• 

c: 
0 "" 

-
I 

0 .:.. 

c 
X

 -
I 

<= 
0 I 

"' - 0 

·~ 
0 • 



. -. -• -• -
X

 

' 

• -
X

 

X
 

• -

>-u 
X

 

z tu
 

:>
 

a tl.l 
• -

X
 

a:: 
.., 

X
 

{
/) ! 

>
 tr
 

,. 
Jl(: l· 

... !
~
l
 

X
 

.... 
1 

)
(
 

X
 

0 
X

 
t-0 

>< 
.J

 
X

 
>< 

0.. 
>< 

X
 

)<
 

)
(
 

<£' 
.... 

"' 
c 

o
r 

.... 
.... 

.... 
0 

0 
0 

C
o

 

• • 

"' i ~
 

X
 

I 
X

 
:>< . 

. 
"" 

"' 
>< "' 

X
>

<
 

"' 
... 

"' 
C

>
 

C
"> 

e 
<:.> 

C
o

 
0 

N
 1
0

 

X
.C

.X
IX

 
(,!) 

')(. 

I 

"' c • 

... 
_

, ... 0 "' 
-

' ... 0 

-
• ... c

. 

r. 
-

• c "' '¢
 

-
I
 

0 N
 

• 
0 c 

-
I 

0 co 

• 

(
'J

 

0 • 

U
>

 

'"' u • .... 



. -. -• -• -

: 
,._ u

 
Z

, 

~
 

,c;. 
i 

w
 

I 
'!%

. ' 
..... l 
'"' 
,>

 I 
! 

!Q
 I 
-•en I 
w

 
<r. 
t.-, 
0 

I
-

...... 
\ 

0 
I 

_, 
x
>

<
 

Q
. 

I
-

it' 
<;> 

It\ 
c 

... 
... 

C
>

 
C

>
 

c 
C

>
 

0 
0 I 

..-< 
c: I • 

a: 

)
(
 

)
(
 

X
 

X
 

X
 

X
 

>< 
)<

 

"' C> C
>

 

• 

N
 'O

 
u

.:
U

J
-
P

 
~
 

.. 
-

• ... C
>

 

"' 
-

I 
r
i 

C
>

 

c 
-

I .... C
>

 

., 
-

• c .., ·o 
-
1

0
 

0 ... 
-

I 
0 N

 

-
I 

<= 
-

I 
0 C

" 
I 

C
' 

" 0 • 

, 

en 
Q

. 
G

 • t... 

N
 

0 • 


