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1. 0 INTRODUCTION & SUMMARY 

This A TM presents the results of a dynamics analysis of the heat 
flow experiment (H. F. E. ) subpallet being incorporated in the ALSEP 
Array D. Both the engineering test model and the flight model were in
vestigated. Objectives of the analysis were ( 1) to relate the dynamics 
environment of electronics box and the heat flow probe mounted on the 
subpallet to that when mounted directly to the main compartment pallet 
and (2) to determine the dynamic loads in the subpallet structure ele
ments. 

The computations indicate that the environment at the electronics 
box and probe box are different, as might be expected, due to the different 
structure, however, the differences are primarily in frequency content 
and not in peak or over -all RMS g levels. These responses are shown 
in table form and curve form. The dynamic loads for the most severe 
cases were also calculated, but no large or critical values were indi
cated. 

2. 0 ANALYSIS MODEL 

The mathematical model used in the analysis is three dimensional 
with 16 degrees of freedom. There is considerable coupling, both mass 
and stiffness, due to the angling struts and the mass asymmetries. 

As shown in Figure 1 the structure consists of the heat flow probe 
suspended in its box, the subpallet and the heat flow experiment elec
tronics box. The subpallet is attached with two brackets to the A LSEP 
pallet plus the two strut attachments from the top of the subpallet to 
the A LSEP pallet. 

The mass of the heat flow probe is essentially concentrated at the 
ends of container box. Therefore the dynamic model of the folded probe 
parts is a dumb-bell shaped mass, i.e., two masses connected by a 
weightless rod. 

The heat flow electronics was assumed to be a rigid mass attached 
at four points having flexibility in alJ directions. 



H .. r. E. 

3 of 37 
7/10/70 



NO. REV. NO. 
ATM 
900 

HFE Subpallet Dynamic Analysis 
PAGE 4 OF 37 

.· t*~"YYspace 
Jtems Division 7/10/70 

DATE 

The subpallet was considered rigid in the in-plane directions, but 
flexible perpendicular to its plane. The flexibility influence coefficients 
were computed by assuming that the plate can be represented by a set of 
beams having equivalent stiffness. Figure 2 shows this representation 
for the engineering model. The effect of the probe box is to stiffen the 
free end of the plate overhang by constraining the slope to zero during 
bending. Determining the flexibility and stiffness matrices for the sub
pallet and other structural members is a rather long and detailed pro
cedure, and consequently is not included here. Only the final stiffness 
matrix is given in this memo. However, the details are on file. 

Referring to the axis system shown in Figure 1, the following in
dependent degrees of freedom were chosen: 

Coordinate 
Location Designation Description Orientation 

1 U7p Probe X 

2 U5p Probe X 

3 V7p Probe y 

4 W7p Probe z 
5 W5p Probe z 
6 W7 Overhang z 
7 Ur5 Subp. Attachment X 

8 Ur6 Subp. Attachment X 
9 Wr5 Subp. Attachment z 

10 Wr6 Subp. Attachment z 
11 U4 Electronics X 
12 VI Electronics y 

13 V2 Electronics y 

14 WI Electronics z 
15 W2 Electronics /', 

16 W4 Electronics '/. 

The first five coordinates apply to the probe mass motion in its 
suspension; location 6, W7, is the 11 Z 11 motion of the free end of the sub
pallet overhang; locations 7-10 are the motions of the two subpCJ.llet/ strut 
interfaces; and the remaining six coordinates are the electronics box 
attachment motions. 
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The mass and stiffness matrices for the analysis model are given 
in Figures 3 and 4. For the subpallet and the electronics box these masses 
have been transforn1ed from their c. g. values of mass and moments of 
inertia to the attachment coordinate system. 

The stiffness values are for the generalized coordinates chosen. This 
matrix has been reduced from a 39 x 39 matrix of stiffness values which 
represent the internal motions and stiffnesses before the various parts 
are connected together. The large matrix was used also in the calculation 
of the internal loads in the manner of Heference 1. 

3. 0 COMPUTED RESPONSES 

The natural frequencies and mode shapes for the model are shown 
in Figure 5. The first five natural frequencies pertain to the probe mass 
in its suspension and are quite low ( 15 to 19 Hz). The next eleven fre
quencies and eigen vectors apply to the subpallet mass and electronics 
box, the last two being the modes resulting from the attachment bracket 
stiffness between the subpallet and the main ALSEP pallet. 

Input values for the three different axes are shown in Figures 6 and 
7 for the sine and random input levels. 'These are the same values as the 
test values for the engineering model and come from Reference 2. 

Computed acceleration responses are presented in the three part 
figures consisting of plots of transmissibility, sine response and random 
response at the location designated. In most cases the in-axis responses 
are the largest, and these are mainly the ones included here. However, 
there was considerable eros s-axis response indicated as well, especially 
the response of w 7 (location 6) when the excitation was in the X direction. 

Damping in the system was assumed to be 1 O% of critical viscous 
damping in any one mode. This value is based upon measured trans
missibilities of similar structural elements. 

A typical probe mass response 
are essentially isolated above 25 Hz. 
ones below I 00 Hz. 

is shown in Figure 8. The probes 
The probe resonances are the only 
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S "ATRIX 

0.389000-02 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0 .o o.o o.o o.o 
2 o.o 0.3'39000-02 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
3 o.o o. 0 0.77dOOD-02 o.o o.o o.o o.o o.o o.o o.o o.o o.o 

!\ 
o.o o.o o.o o.o 

4 o.o o.o o.o 0.389000-02 o.o o.o 

"' o.o o.o o.o o.o o.o o.o 
~ o.o o.o o.o o.o 
f:\ 5 o.o o.o o.o o.o 0.389000-02 o.o ~ o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

w 6 o.o o.o o.o o.o o.o 0-129400-02 o.o o.o o.s o.o o.o o.o o.o o.o o.o o.o 

:t 7 o.o o.o o.o o.o o.o o.o 
~ 0.6l820D-02 - 0. l 57 bO:l- 02 o.o o.o o.o o.o 
"' o.o c.o o.o o.o 
V) 

8 o.o o.o o.o o.o o.o o.o 
~ -O.l57t>00-02 o. 806900-02 o.o o.o o.o o. 0 
~ 

v.o o.o o.o o.o 
'i 

Q o.o o.o o.o o.o o.o o.o ~ o.o o.o 0.4343:>0-02 -0.137410-02 o.o o.o - o.o o.o o.o o.o 
><. 

10 o.o o.o o.o o.o o.o o.o o.o 0.0 -0.137410-02 0.488730-02 o.o o. 0 

rr c.o o.o o.o o.o 

ll o.o o.o o.o o.o o.o o.o t-.....J 0.0 o.o o.o o.o 0.170900-01 -0.10670)-01 0. 106 70D- Cl -c. 4l99oo-oz 0.41~900-02 o.o 
12 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o -0.106700-01 0.15 7000-01 -o. 71540D-02 0.940000-03 -0.2!>2200-02 O.l6S2JD-02 
13 o.o o. 0 o.o o.o o.o o.o o.o o.o o.o o.o 0.106700-0l -o. 7154oo-o2 

I O.l570CD-Ol -0.430300-02 C.2S22:lD-02 0.168200-02 -~ 

-.l-.] 

14 o.o o.o o.o o.o o.o o.o :::-o o.o o.o o.o o.o -0.419900-02 o. 940000-03 0 ...... 
-o. 4303oD-oz 0.635700-02 -0.428200-02 -0.207600-02 -Vol 

-.]...] 
15 o.o o.o o.o 0 ' o.o o.o o. 0 o.o o.o o.o o.o 0.419900-02 - o. 2622 00-02 0.26220D-02 -0.428200-02 0.855400-02 0.427300-02 
1<> o.o o.o o.o o.o o.o o.o 0.0 o. 0 o.o o.o o.o 0-15820J-02 0.168200-02 -0.207600-02 0.427300-02 0.634800-02 



SMALL K MATRIX 

POW 1 0.55299990 02 o.o o. 0 o.o o.o o.o 0.36995690 02-0.92295660 02 
o.o o.o o. 0 o.o o.o o.o o.o o.o 

ROW 2 0 .o 0.55299990 02 o.o o.o o.o o.o -0.55299990 02 o.o 
o.o o.o o. 0 o.o o.o o.o o.o o.o 

ROW 3 0 .o o.o 0.69000000 02 o.o o.o o.o 0.78659960 02-0.78659960 02 
o.o o.o o.o o.o o.o o.o o.o o.o 

ROW 4 o.o o.o o.o 0.5229~990 02 o.o -0.52299990 02 o.o o. 0 
o.o o.o o.o o.o o.o o.o o.o o. 0 

ROW 5 o.o o.o o. 0 o.o 0.52299990 02 o.o o.o o.o 
-0.52299990 02 o.o o. 0 O.J o.o o.o o.o o. 0 

ROW 6 o.o o.o o. 0 -0.5229~9~0 J2 o.o 0.25113000 04 o.o o. 0 
-0.16209550 04-0.16209550 04 o.o o.o o.o 0.39000000 02-0.S6620000 03 0.1180000) 04 

ROW 7 0.36995690 02-0.55299990 02 0.78659960 02 o.o o.o o.o 0.24195980 06 0.11682540 04 
-0.34000000 05 o.c -0.34407820 05 0.55303140 05-0.19427940 05 o.o o.o o.o 

ROW 8-0.92295660 02 o.c -o. 78659960 02 o.J o.o o.o 0.1168254) 04 O.l470352J 06 
o.o -0.34000000 05-0.13816130 05-0.25163140 )5-0.107120&0 05 o.o o.o o.o 

;;n:~ 9 o.o o.o o.o o.o -0.5229~990 02-0.16209550 04-0.3400000) OS 0.0 
J.l9R3571D 05 0.35234070 04 0.0 O.J o.o -0.665719~0 04 0.3945175) 04-0.15595470 04 

R~"' 10 0.0 o.o o.o o.o o.o -O.l62095SD 04 0.0 -c. 34JJ0·::>o:. os 
0.35234070 04 0.19773410 05 o.o O.J o.o -0.66571950 04 0.3948175) 04-0.155~5470 U4 

ROW u o.o o.c o. 0 o.o o.o o.o -0.3440782) 05-0.1381618) 05 o.o o.o 0.48224000 05-0.30140000 05 0.3014JOOD 05 0.0 o.o o. 0 

KiJri 12 0.0 o.o o.o o.o o.o o.o 0.5530314) 05-0.2516314) 05 c.o o.o -0.30140000 05 0.67275000 05-0.37675000 05 o.o o.o o.o 
RO<I 13 0.0 c.o o. 0 o.o o.o o.o -0.19427940 05-0.10712060 05 

o.o o.c o.30l4oooo o5-0.3767;ooo o5 o.67275ooo o5 o.o ·o.o o. 0 

RQ;./ 14 0.0 o.o o.o o.o o.o 0.39000000 02 o.o o. 0 
-0.66571950 04-0.66571950 04 o.o o.o o.o 0.43273000 05-0.29157000 OS-0.1642400J 05 

~ow 15 o.o o.o o. 0 o.o o.o -0.66620000 03 o.o o.o 
0.39481750 04 0.39481750 04 o.o o.o o.o -0.29157000 05 0.33926000 05 0.82910000 04 

-.] (X) 
~ow lb o.o o.o o.o o.o o.o 0.11800000 04 o.o o. 0 ._o 

-0.15595470 04-0.15595470 04 o.o 0.:> o.o -0.16424000 05 0.82910000 04 0.16004000 05 - ...... 0 

- w -.] -.] 

0 
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frO DE l 

EIGENVALUE= 0.113190-03 
FRE~UE~CY= 0.149600 02 

EIGE~VECTOR 

MODE 5 

o. 122 ~ 30-01 
-0.226550-02 

O.llJCUOO Ol 
o. 34856::>-02 

-o. t6S 1 ro-02 
0.121360-02 

-0 .lOP J4D- 02 
o. 227540-02 

-0.226240-02 
:J. 4 6 G P, 10- 0 2 
c. 8633-30-03 
0.2'33302-02 
o. l24d00-02 
0.'123440-03 
o. 32~3cD-03 
o. 924 7~0- 03 

E!GE~V~~U~: 0.703700-04 
F~E~UE~CY= O.ld9730 02 

E!;;:~v:OCTGR 

0.179960 00 
0. 1 G li I.. J'J 0 1 

-0.157160-05 
-o. 7l4o 7o-oz 
-O.l25d2D-Ol 

0. 3 79&tlD-03 
0.367.:.30-03 
0.19326!!-03 
0. 71 7C3G-03 
O. 3t!Ol9i)-03 
o. 267390-03 

-O.l47C~:~-03 

-o. 648-d:i- 04 
0.443"<.:)-03 
0. 1 5 J 2 7 )- () 3 
o. 45'h .n- C3 

' 
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MODE 2 

EIGENVALUE= 0.763210-0~ 
FREQUENCY= 0.182180 02 

EIGENVECTOR 
0.177590-01 
0.52S3oD-02 

~ODE 6 

-0.15:1580-02 
O.lOOOG::l 01 
0.106530 00 
0.25440)-01 
o. 378030-03 
O.l0190D-02 
o. 27127 ::l-02 
o. 359260-02 
o. 752 o4u-03 
0.539330-03 
0 • .237230-03 
0.183950-02 
O.l3:>83J-02 

-o. 7969lu-o4 

EIGE~VALUt= O.l65530-05 
FREQU=NCY= 0.123700 03 

EIGENVECTOR 
-0.151130-0l 

0.173150-02 
-o. 71134o-oz 
-0.928910-02 

0.20594)-02 
0.408120 00 

-o. 71833:::>-0l 
O.H702D Oll 

-0.904440-0l 
O.lOOO~D 01 
0!173950 00 
0.420690 00 
0.204730 00 
0.717300 00 
0.3<33270 00 
0.643'560 03 

MODE 3 

EIGENVALUE= 0.747670-04 
FR=Q~ENCY= 0.184060 02 

EIGENVECTOR 

.'lODE 7 

-o. 29 716o-o 1 
O.J.71660-0l 
0.373800-02 

-0.106090 00 
0.100000 01 

-0.551880-03 
0.10 1!:140-02 

-0.648650-03 
0.518470-02 

-0.14 7910-02 
0.500740-04 

-0.140730-02 
-0.620380-03 

0.15 5460-02 
0.465970-03 
o • 11 6 12 o-o 2 

EIGENVALJE= 0.112220-05 
FREQJENCY= 0.150240 03 

E I GE Nil ECTOR 
0.10 1800-0l 

-o. 40089D-o2 
0.600690-02 
0.201520-04 

-0.1531'30-01 
-0.143740-02 

0.2'•7220 00 
-0.2769.30 00 

Oo lOO:JOD Ol 
-0.585330 00 
-0.616360-01 
-0.567810 00 
-0.284960 00 

0.896790 00 
0.662040 00 
0.915430 00 
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MODE 4 

EfGE~VALUE= 0.706640-04 
f~E~UEN:Y= 0.189330 02 

E: IGE~VEC TOR 

w:m: 8 

0.100000 01 
-O.l7972J 00 
-0.624&4;)-02 
- O. 2013 5J-Ol 

o. 30750)-01 
0.112570-02 

-0.80328;)-03 
o.24COlu-oz 

-O.l6173J-02 
O. 4l:l33 SJ-02 
0.1 OoOOD-02 
0.27062)-02 
O.ll927'J-02 
C.l29SlU-02 
0.43552;)-03 
o. 134920-02 

EIG=~VALUE= 0.67594)-06 
F~E~U~~:Y= O.l9358J 03 

E lGENVEC TOR 
-o. zs1ssn-o3 
-0.354710-03 

0.44149)-04 
- O. 9l 711 D-02 
-0.13331?-02 

O.l(JOOOO 01 
o • .36557:)-01 
0.301860-0l 
0.145410 co 
0.121811) 00 
0.751530-0l 

-0.28268)-01 
-C.2451S!J-Ol 
0.::~72220-02 

0.253U30-0l 
-u.l2~2iJ oo 

') 
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MODE 9 

EfGE~VALUE: 0.455560-06 
fRECuE\CY= 0.235800 03 

EIGENVECTOR 

~ODE l3 

o. E8288D-03 
o.684o7D-03 

0.&32560-04 
-0.6!.6570-02 
-:;. 55532D-03 

J.l.CCGJO 01 
-O.lOSCbO 00 
-).123170 oc 
o. <,;~ ii.~::J-01 

-0."72]~J-Ol 

-J.:;~J3ZO 00 
-J • .:.7:l3::JD-Ol 
-0. 33!>3 SJ-01 

G.J.7C32D 00 
-::; .242260 00 

c.:I.G24D 00 

EIG~~VAL~~= 0.105420-06 
FRE~J~':t= 0.490190 03 

ElGE\VEC.T=~ 

-0.426150-03 
J. 51357D-04 

-J. 203450-03 
c. 391330-03 

-o. 52578D-o3 
-C.275~80 00 
-i). 34191:)-01 

C.lS633D 00 
o. 370560 00 
0.173090 00 

-0.410070 00 
J.2032EO 00 
\),463470 00 
0.3lS470 00 
i.l.lOOOUO 01 

-0.973180 00 

Ft t; t.1 ,e E !::J-, ( ~ O.NT IIV/.11!:[)) 

MODE 10 

EIGENVALUE= 0.359740-0b 
FREQUENCY= 0.265350 03 

EIGENVECTOR 
-0.171210-03 

MODE 14 

-o. 168 oz o-o3 

-0.390170-0b 
-0.30317u-o2 
-o. !t 8610 o-02 
o. 624 030 00 
o. 32 no:::>-o1 
0.330dlD-Ol 
0.10000:::> 01 

-0.792d5J :)() 
0.997370-01 
0. 333 09 D 00 
0.832650 00 

-0.542610 00 
-0.672080 00 

0. 497l6D 00 

EIGENVALUE= 0.8333~D-07 
FRE~U:NCY= 0.551320 03 

EIGENVECTOR 
-0.151990-03 

0.856640-04 
-0.101120-03 
-0.671950-04 

0.360340-03 
0.600780-01 

-0.122410-01 
o.47tlJ70-0l 

-0.320960 00 
-o. 358 08D oo 

0.216270 00 
• 0.258310 00 

o. 339500 00 
O.lOOOOD 01 
0.205240 00 

-O.ltl732D 00 

''· 

MODE 11 

EIGENVALUE= 0.253290-06 
FREOJENCY= 0.31623D 03 

EIGENVECTOR 

'lODE 15 

-o. 77l08D-03 
-o. 717390-03 

-().231340-04 
O. 28 389 0-02 

-0.341960-02 
-0.830700 00 
0.198500 00 
0.207370 00 
0.100000 01 
0.756170 00 
0.219410 00 

-0.935010-01 
-0.103080 00 

0.169680 00 
-0.662960 00 

0.206950 00 

EIGENVALUE= 0.472520-07 
~REQJENCY= 0.732170 03 

E[GENVECTOR 
-0.121540-02 

Oo 139960-03 
-0.57745D-03 
-0.384400-04 

0.620910-04 
0.603330-01 

-06208220 00 
o. 100000 01 

-0.981850-01 
-Oo44408D 00 
-0.200980 00 
-0.4486d0 00 
-0.163580 00 
-0.345220 00 
-0.338890 co 

0.346880 00 

MODE 12 

ElGE~VALUE= 0.155770-06 
F~E~UEN:Y= 0.4032~0 03 

EIGENVE:TOR 
-0.947730-03 

0.274580-03 

MODE 16 

-o. 519740-03 
0.26007:1-03 

-o. 5083 10-o3 
-0.12302') 00 
-0.12376) 00 

0.20o23J co 
O.l4220J 00 

-0.26<l23J 00 
O. 1 Jv OOJ 01 
c. 8'1151\J 00 

-0.825'13') co 
0.224 .. 6) 00 
0.439370 00 

-0.400720 00 

EIGE~VALUE= 0.220430-07 
F~E~UE~:y: 0.107200 04 

EIGEI\VE:TOR 
0.29591~-04 

-0.313470-03 
0.146170-03 

-o. 241 o3o-os 
0.712040-04 
o. 8l 0010-02 
O.lOOQJ) Ol 
o. 31·4090 00 

-0.24C34D 00 
-c. us1so oo 
-0.352170-01 

o. ~35300-01 
0.263770-01 
0.2i989J-Ol 
0.8701(;)-0l 

-0.817230-0l 

-.1 1-' 

-o 
....... 0 
~H, 
-.1 w 
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A tabulation for the random respons~s for all locations computed for 
the engineering model is given in Table 1. 

1 U71 
2 USp 
3 V7p 
4 W7p 
5 W5p 
6 W7 
7 Ur5 
8 Ur6 
9 Wr5 

10 Wr6 
11 U4 
12 VI 
13 V2 
14 WI 
15 W2 
16 W4 

TABLE 1 

RANDOM RESPONSES G-RMS 

X 

. 9 5 

.95 

. 07 

. 04 

. 09 
5. 4 

17. 0 
10. 1 
4.6 
4. 6 
5. 3 
3.4 
1.3 
2. 9 
3. 2 
3. 1 

y 

3. 5 

• 92 
3. 5 
3. 6 

z 

. 03 

. 1 

. 2 

. 34 

. 34 
4. 3 
4.3 
2. 8 
4. 6 
4. 5 
1.4 
1.5 

. 91 
4.0 
2. 7 
3. 9 

Figures 9 through J 6 present the frequency response curves for the 
locations of most interest. 

4. 0 FLIGHT MODEL 

A simulation of the flight model hardware was also carried out with 
only slight differences in the responses resulting. Therefore these curves 
are not included in this memo but are on file. 

5. 0 REFERENCES 

1. ATM-871 Structural/Dynamics Analysis Report - Apollo 14 
LRRR, May 15, 1970. 

2. Letter No. 971-JM-64, Array-D HFE Subpallet Engineering 
Vibration Test Levels, June 12, 1970. 
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