


A 

L .. ~J 
~ "'-.....:.,.~..,-~ ...... ~~ _,.«'•"'""' Investigation of PSE Anornalies 

Apollo 12 Mission 

. NO.SSED-R . Rt:v. No. 

57 (a) 

PAGE __l__ OF 43 

DATE 28 May 1970 

This report provides the results of investigations of PSE anomalies fron1. 
Apollo 12 mission. Reference 97/510-454, CCP-237, 16 February 1 970. 

TASK TITLE: Investigation of Apparent Loss of Gain in the 
SPZ Vertical Seismometer. 

f 

Prepared by: 

Prepared by: 
~l~ le 

i-·) , /<;/vvJ f;Y7 

R. Gibson 



CONTENTS 

Paragraph Title 

l. 0 INTRODUCTION 

2. 0 DISCUSSION 

2. l STATEMENT OF WORK 

2.2 ANALYSIS t 

3. 0 SUMMARY OF RESULTS 

SSED-R-57 (a) 
CCP 237 
Page 2 of 43 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

5. 0 REFERENCES 

5 

5 

5 

6 

42 

42 

43 



Table No. 

2.2-1 

2.2-2 

2.2-3 

2.2-4 

2.2-5 

2.2-6 

2.2-7 

2.2-8 

2.3-1 

2.3-2 

2.3-3 

SSED-R-57 (a) 
CCP 237 
Page 3 of 43 

TABLES 

Title 

Teledyne T-13081 Test Data 

Computed Data from Measured Data of T-13081 

SPZ SN03, SN04, SNOS, SN06, SN07 Sensor 
Period Versus "G" r 

SPZ of SN01 Sensor-Period Versus "G" 

T-13081 Earth Spring Test 

T-13044 Float Test Data 

SPZ T-030 Period Versus "G" 

Test Spec::ification T -13044 - Float Test for 
Short Period SNOS Seismometer Assembly 

Determination of Spring Constant K for Short 
Period Seismometer Suspension Spring on SN05 

Possible Tolerance Build Up When Installing 
233221 Coil Assembly into Seismometer Assembly 
2341609 

Page 

8 & 9 

10 

11 & 12 

13, 14, 15 
16, 17 

18 

20 

21 

22 

28 

31 

37 



Figure 

2.2-9 

2 •. 3-1 

2.3-2 

2.3-3 

2.3-4 

2.3-5 

2.3-6 

2.3-7 

2.3-8 

2.3-9 

SSED-R-57 (a) 
CCP 237 
Page 4 of 43 

ILLUSTRATIONS 

Title 

SPZ Delta Rod Configuration 

SN05 Short Period Seismometer Assembly 
Showing Areas of Rework 

Float Test for SNOS Short Period Seisn10meter 

Short Period SN05 SeiS"'Tlometer Suspension Spring 

Cross Section of the Short Period Seismometer 
Sho·wing Functional Elements 

Short Period Seismometer Assy. Nominal 
Tolerances 

Tolerance Build-Up of 233221 Coil Assy. when 
Assembled with 2341609, Seismometer Assy. 

Top View - Short Period Seismometer 

Bottom View - Short Period Seism01neter 

Delta Rod Installation 

Page 

24 

26 

29 

32 

34 

35 

36 

39 

40 

41 



SSED-R-57 (a) 
CCP 237 
Page 5 of 43 

1. 0 INTRODUCTION 

This report add res sc s the results of the study of the Apollo 12 
Short Period Vertical Seisn:1ometer an01naly namely, loss of SPZ gain at 
low signal levels (millimicron region). When the Apollo 12 SPZ was 
functioning, the signal amplitude and frequency in the range of 1-2 HZ 
correlates to the LPZ output signal filtered to l -Z HZ. This anomaly 
becan:1e evident when the SPZ seismom.eter failed to detect small seismic 
events and did not respond as expected to S. P. calibration commands. 

2. 0 DISCUSSION 

2. 1 Statement of Work r 

The following statement of work is taken from the MCP originally 
prepared for this anomaly study. 

2. 1. 1 Investigation of apparent loss of gain, SPZ Vertical Seism.ometer. 

2. l. 2 Review SPZ transformer coupling r0-easurements of T-13081. 

2. 1.-3 Examine results of previously conducted SPZ float tests and strip 
chart records available ~;huwing natural period and dan'lping. 

2. l. 4 Perform an engineering analysis of: 

(a) Method of SPZ rework to establish the possibility of damage to 
the SPZ seismometer. 

(b) SPZ suspension system. Analysis to investigate the resultant 
m.ass displacement as a function of individual and combinational 
broken delta rods. 

2. 1. 5 Perform an engineering evaluation test using the SNOl PSS. This test 
will be done during the performance of in-process test T-13069 by interrupting 
this test and inserting b:v-o special engineering tests. 

2.1.5.1 Generate an engineering (special test) plan to: 

(a) Transmit SP cal commands to sensor at all gain settings 
using ETS. 

(b) Transm.it LPZ and motor turn on command record output 
of SPZ seismometer and electronics at all gain settings 
using ETS. 

(c) These tests will be done with sensor uncaged. 
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(d) Data resulting from this test will be compared to Apollo 12.. 
records. 

2. 2 Analysis 

The following section establishes the basis for the expected gain of 
the SPZ seismometer which is in the SNOS PSS of the ALSEP Flight 1 system. 

Volts/meter = 
1tG(DRX)A 

CDR@ 1 sec 

G = 176.1 from final float test data after rework 02-15-69. 
f 

DRX = 5636 from T. P. 2338815 Acceptance Test Procedure of 02-28-69. 

A = Amplifier gain @ 0 db. 
FromT.P. 2338815, A= 89CC@ 0b, andnotin" 0.2"a·:-·i:i·::a.l 
to Analog converter of test set has gain of Z, then -

8900 X 3, 16 = 14, 062 £<::tb (0 0 db, 
2 

CDR@ 1 sec = 4683 as recalculated using data from float test of 
02-15-69. 

Volts/meter =(3.1416) (1.761) (5.636) (1.4062) 109 
(4.683) 10 3 

= (9. 363) 1 o6v /meter @ 1 sec 

or 9. 363 V 0-U. @ 1 sec. 

and Mini1nmn Detectable Signal of . 53 nanometer at 1 sec. 

As noted in a science report by Gary Latham, this sensitivity is not realized 
on Apollo 12. 

Science Report by Gary Latham - Page 3-7 - Short-Period Seismometer 
"The threshold ground motion acceleration required to produce an observable 
signal cannot be determined accurately; however, the smallest signals ob­
served correspond to a surface accelerat:ion of 8 x 10-4 em/ sec 2 (peak-to~ 
peak surface motion amplitude of 2 nanom.eters at a frequency of 10 hertz). 
Lunar surface accelerations less than this approximate threshold are 
apparently not detected by the SPZ seism01neter." 
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2. 2. 1 Sum.mary of Results as Regards Short Period Seismon1eter Float 
Test Investigation 

A summary of all T-13081, earth spring test data is shown on Table 
2. 2-1 (2 sheets). The earth spring test consists of measuring signal coil 
current required to restore a 15 gram weight at three different positions, 
center, .. 050 above and. 050 below center. The natural period of the seis­
mometer with the earth spring is also measured at these positions. The 
calibration coil "G" is cornputed by measuring current required to equal 
movement of known weight lift. 

Table 2. 2-2 shows a recalculation of 11 G" (motor constant) and a 
computed 11 K" (spring constant) using m~pasured data from T-13081 data. 

Table 2. 2-3, a summary of T-13044 float test data vs. position, 
was used to calculate a "G" factor using the relation: 

G = . 8333 x m x 9. 807 /I 

where m = total mass weight in kilograms 
I = current required to float n1as s in amperes 
9. 807 - acceleration of gravity in meters/ sec2 

. 8333 - 5/6 -of total Tnass floated.by cur,rent in signal coil 

G = ~ >wton:: /arnpere 

Table 2. 2-4 (5 sheets) shows a summary plot of all period and 11 G 11 

measurements for each unit. It is noted that seismometets showing little or no 
period variations at earth spring test also show the largest float test range, 
that is, the mass may be floated at the lower positions. It is also noted that 
in general there is a decrease in 11 G 11 after rework, rework being tension bolt 
replacement. This change is attributed to a decrease in flux density due to 
bolt change. 

From the Period vs. 11 G 11 plots it is noted that the period vs. center 
position at float test before and after rework shows the least change where 
the units also show the least period deviation at earth spring test. 

The SNOl PSE has been reworked to flight configuration and the results 
of the T-13081 and T-13044 tests are shown on Table 2. 2-5. 
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S/N Weight 
Date Added 

03 0 

Volts ~Gram 
@ 2. 01K rrent 

I. 6407 I 816 

Position Per'~od 

to Center Seconds 

+.045 1.12 
10-09-67 +2 gm • 000 l. 14 L6474 819 
125-10 +4 gm I -.045 1. 12 1.6443 818 

04 0 1. 23 1. 6798 8.363 
10-13-67 +2 gm -. 010 I. 14 1.6785 8.301 
125-11 +4 gm -.060 1.08 I. 6 749 8.333 

+.0~55 

------;·---0-----+---+-.060 '1--1-~14 1.6009 ~9647 
03-04-68 +2 gm +. 005 1. 26 1. 598 7 L ~ 7954 
125-12 +4 gm -. 050 1. 18 I I. 6077 !"' . 79985 

05 

o6 --- o-------- ---+~6~----- ---1-~ ~6----~nr. 6-i6; I . sl815 

05-13-68 +2 gm -. 003 I. 49 1. 6385 .81432 
125-5 +4 gm -. 073 1. 17 1 1. 6574 . 823 

_ I I l --- ---~,--------· -·---------- -------- ~-------"·----- ---- -~- ------'-----~' 

07 0 +.050 I Ll5 ., 1.6439 
1

1
1 

.8166 
0 5 - 2 7-6 8 + 2 gm + • 0 0 5 , 1. l 7 I I. 6 3 2 5 • 811 
1 2 5 -6 + 4 gm - . 0 4 5 I 1. 1 8 I I. 6 3 3 3 I . 8 114 

Earth Spring Data: 

10-09-67 and 10-12-67 
03-04-68 
05-13-68 and 05-27-68 

Teledyne T-13081 Test Data 

F = 
F = 
F = 

554.05 gm 
55.04 gm 
544.05 gm 

Table 2. 2 - 1 (Sheet 1 of 2) 

K = 
K = 
K = 

12.07 gm/cm 
12.07 gm/cm 
12.07 gm/cm 

Calculated 
"G" 

183.82 
179.47 
181. 04 

176 
177.2 

. 1 76. 7 t ______ _ 
r 185 
! 185 
' 184 

179.8 
180.64 

l 
I 178.58 

180.14 
181. 34 
181.30 

1:JOC!l 
PJ 0 Cll 

CJQ 1:J M 
(":; i tJ 

['..,' 

rr. '-..J ~ 
_.._. ---1 ! 

0 ,...., 
1-)::.. 
\.}) 

U1 
--J 

P-' 



S/N 03 

Damp 
Ratio 1. 025. 

Critical 
Damp • 0078 

Damp 
@ 1 Sec • 00889 

Signal 
Coilf2 1842.7 

Mean 
G 181.44 

CDR 
/sec 4865 

DRX 
/sec 5107 

-&, ],< 

Calib 
Coil D 24.28 

Weight 2 grm 

Deflection 
Ratio .998 

Voltage 
@ 2.01 K 17.673 

"G" 2.24 

Cali b. 
Res. r2 6600 

04 05 

1.064 I. 079 

. 0209 .02446 

• 02382 r • 02982 

1850.3 1870. 5· 

176.6 184.7 

4670 5135 

4820 5670 

24.13 24.68 

2 grm 2 grm 

1.000 I. 005 

17.873 17.323 

2.21 2.285 

6500 6730 

Teledyne T-13081 Test Data 

Table 2. 2 - 1 {Sheet 2 of 2) 
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l 06 07 

I 1. 13124 I. 04 

.0391 .01248 

.058259 .0146 

1823.3 1882. 1 

179.67 180.95 

5044 4715 

5382 4856 

24.04 25.84 

3 grm 3 grm 

1. 000 1.000 

2 7. 94 7 27.05 

2. 11663 2.188 

62.8 K 63.44 K 



S/N 

03 

04 

05 

06 

07 

........ ~· ·"'~ 

Position Period Total 15 Gram Computed I 
to Center Seconds Weight Current oGn 

+.045 1. 12 543 • 8162 180.2 
.ooo I. 14 545 • 8196 179.5 

-.045 1. 12 547 I .8180 179.8 
----- -·· . ----~ 

-·- ~---- ·---···--
+.055 1. 23 542.2 .8357 176.0 
-.010 1. 14 544.2 • 8350 176.2 
-.060 1. 08 546.2 .8332 176.5 

-------- - --· ·-- ··I - ... --- -······---------- ----- -----··------·-· 

+.060 I. 14 543. 1 • 7964 184.7 
+.005 1. 26 545. 1 • 7953 185.0 
-.050 1. 18 547. 1 • 7998 183.9 

--------···-- 1-----------
+.062 1. 16 540.8 .8190 
-.008 1. 49 542.8 .8151 
-.073 1. 17 544.8 .8245 

-- ---------------.- ·------ ·--·· 

+.050 1. 15 553 .8178 
+.005 1. 17 555 .8121 
-.045 1. 18 . 557 . 8125 . 

I 

Computed data from measured data of T -13081 
Delta "K" is from total K minus Earth Spring K of 12.. 07 
G == Newtons/ampere 
K = grams/em 

Table 2. 2 - 2 

179'. 6 
180.5 
178.4 

---

179.9 
181. 1 
181.0 

Total 
"K" 

'I 7. 43 
16.88 
17.55 

. ~-·~·--···-·-~~---~-~--~ ~~...,_... ______ 

14.42 
16.85 
18.85 

-----·--
16. 81 
13.79 
15. 79 

I 
l 16. 17 

9.84 
16.01 

16.83 

I 16. 31 

I 16. 10 

Delta 
nKn 

5.36 
4.81 
5.48 

~------

2.35 
4.78 
6.78 

4.74 
1. 72 

I 
3.72. 

4. 10 
-2. 13 
3.94 

4.76 
4.24 
4.03 

'tj()C/2 
l1l 0 en 
CJO~M 
('.) u u 

N' 
w~ 

._.--J, 
0 U1 

c ,_., 
>f:.. 
w 

--J -;'J 



S/N 
Date 

03 
10-18-67 

04 
10-16-67 

05 
3-5-68 

06 
5-14-68 

07 
·s-28-68 

Period 
Volts 
"G" 

Period 
Volts 
"G" 

Period 
Volts 
"G" 

Period 
Volts 
II G" 

-~--. ·-·---

Period 
Volts 
"G" 

---------- ABOVE---------- - CENTER- ------------------- BELOW - ____ _: __________ _ 

• 075 • 050 • 025 .ooo .010 I .020 

I 1. sz 
1 51. ss 

• 030 

1.85 
51.568 

.040 . 05 

• 78 
52.23 

170.8 

. 85 
51.99 

171.6 

.96 
51. 79 

172.3 

1. 18 
51.65 

172.7 

I. 32 
51.61 

172.8 

I. 90 
51.563 

173.0 ! 172.9 1 173.o ___ _ 

• 79 
51.45 

173. 1 

.90 
51.25 

173.8 

I. 05 
51. 12 

174.3 

I. 37 
51.09 

174.4 

1. 47 
51.04 

174.5 

' i ! 1. 70 
l 51.03 
1 174.6 

I 

I ' -t----------J I ' I I I 
I 

.83 
50.31 

177.4 

.95 
50. 11 

178.1 

1. 28 
49.98 

178.5 

I. 80 
49.96 

178.6 

.87 
49.86 

178.2 

.67 
51.20 

177.4 

49.61 I . ' ---;n I I I I l . 9 7 . 1. 05 I 1. 12 I 
50.45 50.39 I so.36 

180. I 180.3 180.4 

I. 02 
49.68 

178.8 

. 72 
50.88 

178.5 

I. 54 
49.63 

179.0 

. 82 
50.63 

179.4 

1. 21 
50.35 
180~4 

I. 37 
50.30 

180.6 

I 
T -13044 Test Data 

Table ;~. 2 - 3 (Sheet 1 of 2) 

1. 50 
50.28 

180.7 

'l:JO~ 
~· 0 '-'' 

GQ H t=:l 
('C lu tJ 

!:',;' 

::w~ 

0 ..... 
.j::.. 
V-l 

-J I 
\Jl 
-J -p 



~- ·~\''.-..:.~ ,,,, > ••• _,.., 

[

."_.. --·'"" ··---C--~----_--------· 

Test Procedure Data 
--S7N [ . --.Date-... I Proc. No. I Temp. Travel 

Inches 
I 

----~~·~';'~'·~'"~ ,, __ :~:,.·, "·><<~~'~:\.:1 __ ~v~1\:\':'''·•~.'·.'.':::r_._~.~~~~=~~--• ~,~:~:~ ·--- _:~:·~~~:::::l 

[ _____ R~~:~r~ata I 
Mass 

Grams 
Float 1 Period j Damp, I 

Voltage 1 Seconds l Ratio 
Room I o. 241 , .. -·-- ~~~: ~-1- ---·53. 3~---··--· --~~~--~-6;·--r---~-;03-~ l 
50oc l I I 53.43 0.980 i .0060 

5-8 -69 ____ 1 ___ - WO/ OS 

7-7-69 ! 2338815C 
03 0.; 

I 

. 04 z-16-69 ----233-ssio ____ ------sooc --·---- ·--- -- ····--- · --- 51:77 -----~- ---o~-7-8,;<··---~---. oo4 

. i l 
I 6-6-69 WO/OS Room 0. 243 542.5 52. 86 j 1. 110 . . 0031 ~-

11-14-69 233815C 50oc I 53.66 0. 805 I • 0030 r---::·--·· -------- . ········ ---· ... ·--~ ····· - '"" ..... ! -····· ... . ---- ---. ·- ! . ~ . -- ... ··-- : - ---1 
I 05 2-15-69 . wojos ' Room I 0. 240 543. 1 . 50. 68 i 0. 900 '· . 0028 I 
1 2-21-69 I 2338815 l Room 1 50.49 ! 0. 905 I . 0028 
I ! 2-25-69 ! 2338815 I 5ooc i 50.65 I 0. 955 I . 0045 I 
1 ______ ···-----·---·· .... . ...... ___________ _______ ________ ______ . _ ... .. . __ --- ---·- I. ---·. ---- .. --+-------------f-----. l 

I 
06 I 3-18-69 : 2338810 50°C ; I 50.30 I 0. 850 . 0036 I 

I 4-16-69 l wojos Room ( 0.241 541.5 , 51.00 1.310 .0049 \ 
1 ________ . 1 5 -zo- 69 __ 2338815~--- 5o o c _ ... 1 ____ _ ____________ 1 __ 5 L _z5 ____ j_ --~ .. :.?.~_9 __________ .:_9057 J 
i 07 i 1-24-69 2338810 5oac I I I 51. 20 I 0. 755 . 0029 I 

I i ;=~~=:~ L ~3~~~ss_LI~~_j __ 0~2~~-L ~~ 3:_7_j ___ ~!: ~~ _L_~: ~~ :1~~~ ~ 
WO/OS - Work Order Operations Sheet (Rework) 

':~ - Record not Available use T. P. Data 

SjN 07 is on Apollo 11 (EASEP) 
S/N 05 is on Apollo 12 
S/N 06 is on Apollo 13 

..... 

Note: ( 1) For 2338810 & 8815 Float Voltage is Measured Across l. 99 K Resistor 
(2) For WO/OS Float Voltage is Measured Across 2. 01 K Resistor 
(3) For WO/OS Float Test, mass is at mech;;mical center position 

TABLE 2. 2-3 (Sheet 2 of 2) 

BENDIX S. P. :FLOAT TEST DATA 

U'l 
IJnU'l 
lll "M 

(JQ 0 ~ 
0 ~ y 
,_. I >-< 
NN,.._, 

L•J l 

2, -·.) ~ 

~ 
w ll! .._. 
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t ! l I l . I I 

15 5.0 ~ ... - ... · r· -w - •.•• r ----- -r -------~-------~- :· --- --1-- .. -
I ! ! I . ----4 . I , 

1 .j ' J 

le00. ~ ----· ---------·-· ,_ ................... __ . __ J ___ , ....... , ... ________ t-~-----------.. --~-- ~~--------;---------------· _J ........ --· ................. .. 
I . 1 , : : -1 j . . i 

--j I ' 

...J -$-1 ,. ' 
J . * 
~ I 

.. ICI70CJ.-- . i ........... - -~~==- -l---~.;=:=-~EN~tR 
I ~ ,~ ; 

~ "7 3~ 0 -t : -.,..-~===~~~~.·a-----·-v~------c'--~ 

i 
l 

--1"- ! ! l! o .. 0 -, ·-----+·---··----~------~-~ 
i 

,\5 l 
l 
_J 

----·- r··--" -·-· ........ .. 

~· ~· crn-JrER 
l 

--j ~ I ' ; ' 

1 eo .c-f------------l ---· .. -----~~-------------+------~----'-----------------+---·-------------- -,~r:.. 1 ?:K) e.\. 
2 "'l _j i I 
_ .. v ~ I I 

-
0 

-,,t , 1 i 
' I i (;":" li\\ ()-;_:£. ! G ' ! . ! L ,;)/ j ~ ~' .,,} 

, ' ' I , 
I 85. o -t------------- -------~------·-------~-----------------:- --- --------- .. -. 6 

I i l 
I l ' 

I 1 I :-!- P06T 
1 ~ I l lfO.O l I l --fl----,-----+-1 -...----1-1---r---r-1------,----: ---

;;:: 6 4 2. 0 2.. 4· ·6 db 
0 
u . 
M ..... 
U) 

o.so 0.75 I. 00 2. ():) 

PER\OD 
SPZ SN03 Sensor-Period Versus ·"G" 

Table 2. 2-4 (Sheet l of 5) 
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155.0 
I I ____ L ___________ L ____________________ -_____ -

r 

t ·- " "-- ~--. •-. .• - .J-- _., __________ ·-- -

I I I 
I I I 
I I I 

I60.cr-.. __ ,_ ___ -·--··--- --~ ···--·----- ------------··· '--···-------····----·- ... ! .. --.--·--·---------- ----~ .... !·--·-------···- ..... ----4---· ------·--·---- --·· .. --·· . 

I 
-1 I 
·-l : I 

17 o .o-1-----------.J__________________ J ___ ·-

. 1 
\7£:\.0 -1 
17,:;.o---J' 

:"d5 :1 
i 

' i l . 
------~ ------~---- ~---- .. -~~-- ------ -------- -·-·-----~ ~- ---~--------------·-------t- ----------------- . ----~ -- ·----------------- --------------- ·- ------ --· -~~- -- ... ·-- ~~-- .. 

' 2.2.0 i 

';..:.4' ..... 
0 

le5. 
2.5 

I 
------------------ -}-- ·- ~----------- f----~--~---~--- ;, _____ ---------· 

8 ~SO"C 

j 0 CL\L COlL 
T P06-r F<2\'iCR~~ 

lt9 o .o~---+1-. --r---"-._t-, ---r--....,..:'----.---0,_. ---l.,----.,1·----.--__.,.-! ·-· -$ ·-·· r-1 -l- A"' 

,....... '·) , ..... 2. 4r "- - v ...... u o. ~)0 o. 75 1.00 1.33 2, 0C.) 
c..,._.....,,,. 
") \'.:.~ 

. 
Oil 

•.-I 
U) 

SPZ of SN04 Sensor-Period Versus "G'' 

Table 2. 2-4 (Sheet 2 of 5) 



0.50 

. 
0.0 ..... 
{/) 

-
b 

1. 00 

f':l r· ~:-> l ~"'- r·"' t·· c. r\ l ~.J l,j 

CCP-237 
Page 15 0 [43 

z...oo 

j. 

SPZ of SNOS Sensor-Period Versus "G" 

Table 2. 2-4 (Sheet 3 of 5) 
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In the process of updating the Level B Spare Short Period Seis­
mom.eter it was required to perform a T-13044 and T -13081 test to 
deterrn.ine the characteristics of the unit 15efore rework. The results of 
these tests are shovvn on Table 2. 2-6, 7 and 8. It is noted that there is a 
large deviation in period at T-13081 Earth Spring test and no float below 
center at T-13044 and an irregular n1easurement of 11 G" at. 075 above center. 

After replacing tension bolt the T-13081 and T-13044 tests were 
repeated, these results are also recorded on Tables 2. 2-6, 7, and 8. The 
"G" has changed to an out of tolerance condition and when "G" of calibration 
coils is rechecked it is verified that the flux density of the magnet has de­
creased. The results of period vs. position has not changed over vvhat was 
original]y recoJ:-ded at T-13081 but the T-1 3044 data shov.'s no ilo<lt Clt. 025 
above center. 

The delta rods were photographed before and after the rework cycle 
to show variations as a result of rework. Three delta rods were readjusted 
(see Figure 2. 2-9) A, D and E and the T-13044 test repeated. The rnass is 
now capable of floating at. 030 below center. T-13081 earth spring test was 
repeated and now shows a decreased variation of period with position as shown 
on Table 2. 2-6. 



S/N Weight 
Date Addition 

T030 0 
05-01-70 +2 gm 

+4 grn 

Replaced Bolt 

0 
05-08-70 +2 grn 

+4 grn 
-------·---·---- ·---·· ·--·-·,-·--·~-·---· --·--" 

Adjusted Delta Rod 

0 
05-21-70 +2 grn 

+4 grn 

Position Period 15 Gram 
to Center Seconds Voltage · Current 

+.041 . 73 1. 728 .8644 
.ooo 1.005 I. 731 .8659 

-.052 1. ll 0 l. 730 I .8654 

+.036 • 73 1. 977 .9880 
.ooo 1.008 I. 975 .9870 

-.066 l. 120 1. 996 .l • 9975 I .... ,_ ......... ____ 
·---------~ 

l 

+. 025 .970 1.998 l .9988 
-.004 .845 2.005 1.0022 
-.030 .840 1.990 .9948 

T-13081 Earth Spring Test 

Ta.ole 2. 2 - 6 

"G" 

170. 1 
169.8 
169.9 

-

148.8 

I 
148.9 
147.3 

147.28 
146.78 
14 7. 86 
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a 7J t:J 
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4-24-70 

Mass 
553. 2 gm 

Period 
Volts 
"G" 

·-Repla-~-~d Bolt·------·. 

Period 
5-13-70 Volts 

"G" 

• 075 

.645 
50.95 

178.4 

------

7.55 
61.80 

14 7. 1 

-- --------

Adjusted Delta Rods 

Period • 875 
5-18-70 Volts 62.12 

"G" 146.3 
-

Period . 89 
5-20-70 Volts 62.01 

ucu 146.6 

ABOVE ---------
.050 .025 

.665 I • 890 
54.05 53.74 

168.2 169. 1 

-·- .. ·-------· --

7.40 
61.80 

14 7. 1 
--

.925 .960 
61.89 61.70 

I 

·-CENTER­
. 000 

1 

l. 26 
53.71 
69.2 

.010 .020 

.... 

BELOW 
.030 . 040 . 05 ( 

146.9 147.3 1 

.995 
61.57 
47.6 

1. 055 1. 190 I I. 400 
61. 49 61.44 6r. 43 I 

I 147.8 147.9 I 1~~·0--+1-------
1.00 1.03 ~ 1.375 1 • 95 .99 

61.84 61.66 . 

147.0 147.4 1 

J ! 

61.49 61.42 j -~~:~6 61.31 
47.8 148.o I 148.1 148.2 

I 

T-13044 Float Test Data 

Table 2. 2 - 7 
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The following section of this report describes the results of an 
analysis of SPZ rework and the SPZ suspension syste1n. 

2. 3. 1 Method of SPZ rework to establish the possibility of damage to the 
SPZ seisnwmeter. 

2. 3. 1. 1 The following rework was performed by Bendix on the SNOS Short 
Period Seismometer (Ref. Figure 2. 3-1). 

(a) The 210234-3 suspension wire was replaced twice. 

(b) The Teledyne 233161 tension bolt assembly was replaced with 
the Bendix 2338790 tension bolt assembly. 

r 

(c) Two_233151 bottom delta rods were replaced. 

These areas of rework will be discussed in the following paragraphs fror::· the 
dandpoint of deterrnining- if the functional performance of the SNC 5 SPZ 
seismom.eter could have been affected by this rework. 

2. 3.1. 2 Replacernent of the 210234-3 Susp~nsion Wire and the Teledyne·233J61 
Tension Bolt Assembly. 

Period Seismometer stating that the 210234-3 suspension wire was bent in two 
places and should be replaced. Refer to Figure 2. 3-1. 

While r"eplacing this suspension wire it was observed that the 233151 
spanner nut was loose and the Teledyne 233149 tension bolt had fractured. An 
investigation of this fracture was made and is docum.entcd in memo SSED-1 00. 
As a result of the investigation a new Bendix tension bolt was designed and 
incorporated into the SN05 Short Period Seismometer (Reference BxA 2338790) 
replacing the 233161 Teledyne Tension Bolt Assembly. 

The replacement of the tension bolt assembly was accon1plished by 
mechanically caging the 2341609 seismmneter assembly to the 233126 fra1ne 
housing with (8) eight set screws. By caging the seismom.eter assembly in this 
way the tension bolt assembly was replaced without removing or changing the 
adjustn1ent of the six 233151 Delta Rods assen~blies. After the tension bolt 
assembly was installed a new suspension wire was attached to the suspension 
spring. 

In performing the rework as described above the suspension systcn.1 
of the seisn~ometer \vas not changed and thus the functional operation of SN05 
seis1nometer should not have been effected. 
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2. 3. l. 3 Replacement of two 233151 Bottom Delta Rods and the 210234-3 
Suspension Wire 

The SN05 seism.ometer was vibrated on February 19, 1969 and during 
the post vibration inspection the following failures were observed. Refer to 
DR-4106. 

(a) The 210234-3 suspension wire was broken 

(b) Two of the bottom 233151 delta rods were broken (not 
identified as to which ones} 

The SN05 seismometer assembly was reworked to DR 4107 which 
stated that the diameter of the suspension wire was to be jncreased fron1 . 005 
tp . 006 inches and that the two broken delta rods were to be replaced. After 
this rework the SN05 seismo1neter satisfactorily passed the vibration test. 

However, as a result of the rework the natural frequency and spring 
constant of the SN05 seismon1eter suspension syste1n was changed. It should 
be noted that these changes can be expected every time delta rods are changed 
and/or adjusted. The rnethocl of dete rrnining this change will be discussed in 
the following paragraphs. 

2. 3. 1. 4 Determination of Short Period Natural Period and Spring Constant 

The no1ninal natural period of the Short Period Seismometer is 1. 0 
second and the mass of the 2341609 1nagnet assembly was designed to be 500 
grams. 

From the Float Test Data shown in Table 2. 3-1 the natural period 
curve in Figure 2. 3-2 can be plotted for the SNOS seismon1eter. This curve 
shows that the natural frequency of the SN05 seis1nometer when pulsed in the 
center position was 1. 8 seconds. After rework at Bendix, the natural period 
at the center position was checked and found to be 0. 9 seconds which is n1uch 
closer to the specified period of 1 second than the Teledyne test results of 1. 8 
seconds. The actual \Veight of the SN05 magnet as se1nbly was 543. 1 gra1ns. 
Fron1 this data, the spring constant for the SNOS seis1non1eter suspension 
syste1n can be found using the following formula. 

Where T = Natural Period 
K = Spring Constraint 
M =Mass= W/g 
W = Weight pounds 
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Test Specificati_on T-13044 
Float Test for Short Period SN-05 Seismmneter Assembly 

Internal Mass, M, = 543. 1 grams 
Total Travel • 240 inches 

Mass Position Voltage Drop 
With Respect to Across 2. 01 K Signal Coil Period 
Center Inches Resistor VDC Current rna Seconds 

. 075 11 above 50.310 I' 25.03 . 83 

. 050 11 above 50. 110 24.931 . 955 

. 025 11 above 49.984 24.87 1. 28 

Center 49.964 24.86 1.8 

. 010 11 below 

• 02Qll bClO"\\T 
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K = t.2T1T) M For Complete Suspension Systern 
(Suspension Spring Plus Delta Rods) 

Solving for case when natural period is . 9 second 

(:
21Y )2 

K- --
- 9 sec 

(. 543 kg) 
2. 2 lb/kg 
386 in secz 

K= 4x9.9 
81 

2. 2 lb/kg 
X • 54 3 kg X ---2 

r386 in sec · 

K = . 154 lbs /in. 

SN- 05 Short Period Seismo1neter 

System Spring Rate 
Suspension Spring Rate 
Combined Delta Rod Spring Rate 

. 1540 lb/in 

. 0667 lb/in 

. 0873 lb/in 

Assuming equally loaded delta rod we obtain Spring Rate for each delta rod: 

.0876 
6 

= . 0146 lbs /in. 

This spring constant of. 1540 pounds per inch is the sum of the con­
tributions from the 233132 suspension spring and the six 233151 delta rods. 

The 233132 suspension spring is m.ade of 0. 0093 inch thick Ni Span-C 
material. It has a triangular shape, thus making it a constant stress spring 
along its length. The spring constant K can be determined by plotting the data 
in Table 2. 3-2 from test specification T-13059 as shown in Figure 2. 3-3. The 
curve in Figure 2. 3-3 shows that the spring constant of the suspension spring 
for the SN05 seismometer is K = . 0667 lb/in. 

The com.bined delta rods have a spring constant equal to the difference 
between the seisrnometer system spring rate calculated above o£. 154 and the 
suspension spring rate of . 066 7 pounds /inch. This is shown below: 

System Spring Rate 
Suspension Spring Rate 
Combined Delta Rod Spring Rate 

• 1540 lb/in 
. 0667 lb/in 
. 08 7 3 lb /in 

The no1ninal design value for the spring rate of the combined delta 
rods is pres en ted in the Final Technical Report (No. 640-07-68-005 71 dated 
15 August 1968, page 5-17) as .06 pounds per inch. 



Period Spring 
Weight Deflection Average Constant 
Gran1.s Inches Seconds K gms/Cln 

9 I. 5 . 039 above .552 1 I. 96 

93.93 . 035 below . 542 . 12.77 

88.96 . 125 above .556 11.58 

91.5 . 039 above .552 11. 96 
f 

91. 5 . 041 above .553 11. 96 

K= 
M (grn) 

2 
T 24.8 em 

where 

Vl {an-, c.) 
M = _,c._~-:.:;:::::__!__ 

g (lunar) 

T = average period 

K = spring rate,;, 

>:<Spring rate to be II. 3 ± 1. 1 gms/ em 

-3 I gms/cm x 5. 600 x 10 = lb in. 

TABLE 2. 3-2 

Spring Constant 
K - Pounds/inch 

. 0680 

. 0715 

. 0648 

. 0680 

. 0680 
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Ten1p. 
OF 

76oF 

76oF 

76oF 

-50 oc 

+100°C 

DETERMINATION OF SPRING CONSTANT K FOR SHORT PERIOD 
SEIS?viOMETER SUSPENSION SPRING ON SN-05 

Reference: Test Specification T-13059, dated 5-26-67 
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2. 3. 2 SPZ Suspension Syste1n Tolerances 
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A dimensional analysis was nJ.ade of the Short Period Seisn1omet:er 
parts to determine what effect a tolerance build up would have on the functional 
operation of the instrument. 

2. 3. 2. l Shprt Period Suspension System Description 

A eros s section of the Short Period Seisrnometer is shovm in Figure 
2. 3 ~4. The seismic nJ.ass consist of the 2341609 seisn10meter magnet assembly 
which weighs approxirnately 1. 2 pounds. This rnagnet n1ass assembly is sup­
ported by the 233132 suspension spring and retained in position in the 233126 
frame housing by six 233151 delta rod as:femblies. Three on top and three c'n 
the bottom of the 1nagnet mass assen1.bly, The seis1norneter is designed to 
sense only vertical rnotion. In operation the readout is obtained through the 
233141-2 coil assen1.bly which is fixed to the 233127 top end plate and the 
2.33128 bottonl end plate and attached to the 2 33126 frame housing. 1\1otion of 
the lunar soil n1.oves the :fran1e and coil ac:cernLly relative to the n1agnct a 'c-rc,bly 
ge:1,·:·a'.i11g a voltage rcadot:t which is proportional to velocity. Of particular 

interest in this investigation vvas to deternJ.inc if as a result of tole1·aHce build-
up and possible broken delta rods, that the n1.agnet assembly could touch the 
coil assen1bly during excitation and thus effect its perfornJ.ance. 

2. 3. 2. 2 Dimensional and Tolerance Analysis of Coil Magnet Assembly 

A drawing check was made to determine the dimensions of the Short 
Period Seismometer. The critical dimensions have been identified and shown 
with their tolerances on Figure 2. 3-5. 

The tolerance build-up between the 233221 coil assembly and the 
233127 and 233128 end plates during the 2341609 seismometer assembly is 
shown in Figure 2. 3-6 and tabulated in Table 2..3-3 below. 

As shovvn in Table 2. 3-2 there is a possibility that the 233221 . 1 
C01L 

a.:.~~::;::::l::ly can be cornc:rcc::::cd_ t~y. C17 inche:::: wben in::::tc.llec.l tetween the ,:sp a0d 
bottonl. end plates. This compression could :1bow' 1 the coil assenlbly Teducing 
the nonlinal . 030 clearance between magnet asse1nbly and coil as shovJ"n in 
Figure 2. 3-5. This compression could also crack the 233224 coil te1-rnlnal 
boards at the mounting post tern1inal board int,,rface a~JCi contribute to a 
potential £ai1un~. 
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TABLE 2. 3-3 
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Possiblc:_I_?lerance Build Up 
vVhen Installing_133 221 Coil 

Assernblv into Seism.ometer Assernbly 2341609 

l. Minirnum DI.ST ANCE between coil support rods through housing and 
end plates 

2. 625 Housing Min Dimension 
. 075 - Lower Plate Min C 1 Bore 
• 075 - Upper Plate Min C'Bore 

2. 775 TOTAL 

2. l:vfaximum DISTANCE between coil support rods through housing and 
end plates 

2.627 
.077 
. 077 

- Housing Max Din1ension 
- Lower Plate Max C 1 Bore 
- Upper Plate Max C' Bore 
rr rvr 1\ T 
..l.. "'-" .J.. ~l....LJ 

3. From Coil Assembly overall height of Coil Assembly, - 2. 785 +. 007 

Max Dimension = 2. 792 inches 
Min Di1nension = 2. 778 inches 

4. Interference Fit 

5. Loose Fit 

= 2. 792 - Coil Max 
2. 775 - Housing Min 
0. 017 inches 

= 2. 781 - Housing Max 
2. 778 - Coil Min 
0. 003 inches 
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2. 3. 2. 3 Dimensional and Tolerance Analysis of Delta Rod Installation 

Six delta rods, three on top and three on botton<, reference Figures 
2.3-7 and 2 .. 3-8, are used to restrain lateral n1.ovement of the seisn1.ic n1o.ss 
in the short period seisn10meter during norrnal operation. Delta rod assernbly 
2 33151, is din1.ensionecl as to allow a toleranc f~ build-up to occur in ass enJ.bly 
causing the condition. illustrated in F'igcue 2. 3-9· As can be seen in this fig­
ure, the delta rod retaining set scre\vs engage the delta rod end pieces in the 
transition area between the circular cross section and the "sv;aged" square 
cross sectio11. The tolerance build up during delta rod assernbly allows the 
overall distance 11free from swage" to vary honJ. 1. 663/1. 7 61. Ho\vever, in 
order for the set screv.;s to engage the circular cross-section at all times, 
this dimension nJ.ust be at least 1. 794 inches. It should be further noted that 
under the present conditions of dirnensioning, it is not possible to have both set 
screws engaging the end pieces in the circular cro:'ls section area at the ::~arne 
time. This means that \.vhen the set screws are tightened it is possible to have 
the follov.ring unsatisfactory conditions occur. 

(a) T}H~ tightening of the delta rod retaining set screw on the tra:-::s:I­
tion area could apply a force to put the delta rod in con1prcssion. 

(b) The tightening of the set scre·w could introduce a torsional n1ove­
ment :in the end piece, thus placing the . 005 dia·meter wire in 
torsion. 

Considering the above facts it is unfortunate that a nmlt}positjon float 
test was not run on the SN05 SeisJnometer after rework. '::he anal/- i..? ~.':::'. 

recent laboratory tests have brought out that the present short period sejsrnornetcr 
asse1nbly proced,~res do not control the tension loads in the delta rods during 
insta1lation and as a result there is no way of detern1.ining vvhd1H'r the con1bined 
spring force is equally divided between the six delta rods. This cc·n('iticc"J a.ifccL 
the dan> ping characteristics of the system and restrains the c eicrr~orneter rr;a. ~ s, 
so that it will not function properly when it is displaced below the center posit:ion. 
The over stressing of one or rnore delta rods :in the system also puts the seis­
mometer into a potential failure rnode, which conld result in broken delt& rods 
during Jaunch vibration and, thus, later affect the functional operation of the 
s eis1nometer on the lunar surface. 
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ThC' investigation and study of the SN05 Short Period Seismom.etcr 
anornalie has revealed the following facts: 

1. There is inadequate test data available after the Bendix rework 
to SN05 to predict the total operation of the Short Period Seisrnon:.··:<er. 

2. ~- :•t laboratory tests reveal that delta rod rnisalignment 
and inadequately controlled installation parameters could be causing 
the 11 sti£f'' operation of t}:,e SNOS Short Period Sensor on the lunar 
surface. There is also a drong i:ndicat:icm 'that the lldelta'' po1·tion of the 
rod is too l01!g, which resuHs in an excessive stiifness in each of tbe 

f 

3. n·· _ .. L a~.l--,--1:: have not fc-..:nd any dat2. to rup;:-.ort the 
conclusion that there are one or nwre broken delta rods on the SN05 
Short Period Seisnl.orneter. 

4. 0 CONCLUSIONS AND RECOMMENDATIONS 

It is apparent fronl. the recent laboratory tests that the delta rod adjustrne:nt 
is critical to the proper operation of the s eismorneter and proper adjustrn.ent is 
sbmvn in T -1 3081 earth spring test by a period deviation of less than.:! 5% at the 
positions oi cer1ter, . 050 above a11U . 050 beluvv. PTopel"" seis:t.'l1G:;.1:Lctcr opcratiail 
is also shovm at T -13044 lunar configuration float test when it is possible to 
float the n1.ass from. 075 above to • 050 below center. A ful11·ange float 
test should be possible if the delta rods are properly adj~stecl and the "G" 
measuren1.ent at earth spring test shov;rs less than± 1% deviation. 

r~ :·1c analysis also indicates that a further study of the delta rod construction 
and detailed assen1.bly procedures should be rnade to insure the repeatability of 
the assenl.bly and perfonnance of the short period seisrnometers. 

It is recommended that if one or more of the three delta rods on the top 
or bottom of a seismometer is damaged or broken that the complete set of 
three is 1~eplaced. This v.rill ensure that an overstressed delta rod does not 
re1nain in the systenl. and introduce a potential failure mode. 

It is ~ilso recon1nl.ended that a change be xnade to the T-13081 test procedure 
to lin1it the tolerance allowed between period measurenl.ents as v;:ell as a change 
to T-13044 procedure to require a full range float test. 

It is further recolnn1.ended that sensors SN03 and SN04 be subjected to a 
corn.plete T-13044 float teet procedure as a 1nininm1n, pending further 
investigation of delta rod proble1ns. 
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1. 0 INTRODUCTION 
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This task has been performed to identify the probable source and 
cause resulting in the occurrence of square wave type pulses observed on 
the output of the SPZ and LP seismometer channels of the ALSEP-1 PSE. 
In the Interim Report (Reference 1 ), it was concluded that the pulse train 
anomalies originate in the short period seismometer high gain preamp in the 
PSE unit and are subsequently coupled into the long period seismometer 
channels within the CSE unit. 

2. 0 DISCUSSION 

2. 1 Statement of Work t 

The specific tasks to be performed for this study were identified in 
MCP task statement 2. 0 of Reference 2 as follows: 

Task 1 - Analyze characteristics of pulses on the output of the SPZ 
and LP channels. 

Task 2 - Evaluate pulse occurrence with intent of isolating the source 
to be within the PSE sensor or CSE unit. 

Task 3 - Determine if there is any correlation between pulse train 
anomalies and PSE sensor or CSE temperature. 

Task 4 - Review characteristics of system to idi:mtify most likely 
source of any interference causing the observed pulse anomalies. 

2. 2 Analysis 

2. 2. 1 Task 1 - Pulse Characteristics 

A plot of a typical SP channel pulse segment as reconstructed from 
ALSEP-1 recorded data is shown in Figure 1. The decay characteristic of the 
pulse wave shape is assumed to be largely due to the data conversion, pro­
cessing and filtering functions. 

The largest peak value observed on any of the SP pulses with the 
attenuator set to 0 db is 3 LSB, corresponding to 15 mv at the highest gain 
setting. In Reference 3, an acceptable noise level at the SP channel output 
is defined (Section 8. 8. 2. 12) to be 3 LSB with the attenuator set to -10 db. 
Hence, the amplitude of the observed SP pulse anomalies is less than the 
acceptable SP channel noise level. 
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Referring again to Figure 1, periods T 1 and T 2 may vary by 20o/o over 
a one minute interval, and over a 6:1 range for a several hour interval. The 
smallest value of T 1 or T 2 observed on any recording is on the order of 2 sec, 
but typically, the highest pulse repetition frequency (PRF) sustained for any 
appreciable interval is on the order of 10 pulses per 1ninute (i.e., T 1 = T 2 = 3 sec). 

Typical SP pulse train activity observed on the 3rd through 6th lunar 
days can be characterized as follows: 

o Pulse activity intervals are on the order of 20 to 30 hours 

o Normally start with a PRF of 50 to 100 pulses per hour with a 
linear increase in PRF to on the order to 500 to 600 pulses 
per hour at the interval mid(region. 

o Subsequent linear decrease in PRF to a low value prior to 
pulse activity termination. 

From inspection of several LP and SP recordings presented in Reference 
4, it can be shown that the SP pulses also appear on all LP channels with approx­
imately equal amplitudes, when all channel attenuators are set to Odb. 

2. 2. 2 Task 2 - Isolation of Pulse Occurrence Source 

Since the pulse train anomaly occurs on all channels with nominal 
gain settings, it is of interest to determine whether (1) the pulses occur 
independently on each channel or (2) the pulses originate on one channel and 
couple into the other channels. 

From inspection of the recorded data available for all channels during 
the period 12-2-69 to 12-3-69, it can be shown that the pulses originate in the 
SP channel and are coupled into the LP channels at some point in the CSE unit, 
after the SP attenuation stage, and before the LP post amp stages. 

The effect of inter-channel coupling from the SP to the LP channels 
is shown in the recorded data of Table 1. When the SP attenuation is 
successively increased in intervals 2, 3, and 4, the pulse amplitude is also 
proportionately reduced on each channel. An additional result is one of SP 
pulse levels less than the LSB amplitude (5 mv) still inducing readable pulse 
levels in the LP channels. Alternately, in intervals 6, 7 and 8 the LPZ post 
amp input attenuation is increased resulting in a reduction of only the LPZ 
pulse amplitude. 
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The follovv.i.ng conclusions can be drawn from the data presented 
in Table 1: 

Interval 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

(a) The pulses originate in the SP sensor unit rather than in the 
CSE. 

· (b) The SP pulses are coupled into the LP channels at some point 
following the SP attenuator, the most likely coupling point 
being the output of the SP post amp in the CSE. This point is 
labeled 11 A'' in Figure 8. 

GMT 
Time Interval 
From To 

1600 1605 

1605 1607 

1607 1611 

1611 1615 

1615 1655 

1655 1700 

1700 1703 

1703 1707 

Channel Gain, db 
LP LP SP 
X,Y z z 

0 0 0 

0 0 -10 

0 0 -20 

0 0 -30 

0 0 0 

0 -10 0 

0 -20 0 

0 -30 0 

Recorded 
f P-P Pulse Amplitude 

per Channel, mv 
LP LP SP 
X,Y z z 

20 20 20 

15 15 5 

10 10 5 

5 5 5 

20 20 20 

20 10 20 

20 5 2Q 

20 5 20 

Table 1 Inter-Channel Coupling vs. Channel Gain 
Date: 12-2-69 

Result 

Nominal gain settings 

Lower ·SP gain reduce 
pulse amplitude all 
channels 

Same as above 

Same as above 

Nominal gain settings 

Lower LPZ gain re­
duces pulse only on 
LPZ 

Same as above 

Same as above 

(c) Coupling into the LP channels apparently occurs at some point 
prior to the LP attenuator and post amplifier stages since (1) 
reducing LP gain also reduces pulse amplitude only on that 
channel and (2) LP channel amplification of small amplitude 
SP pulses is indicated. A likely candidate for the coupling 
point is each of the LP attenuator and post amp input signal 
lines in the CSE unit as indicated by points 11 B" and 11 C 11 in 
Figure 9. 



2. 2. 3 

SSED-R-57 (b) 
CCP-237 
Page 8 of 21 

(d) A possible inter-channel coupling mechanism is presented 
by the + 2. 5 vdc reference lines which originate on the SPZ 
PWB in the CSE. These lines are physically adjacent to the 
SPZ post amp output point and are also printed physically 
adjacent to each of the LP attenuator and post amp input points 
"B" and "0' in Figure 9 (see PWB assembly. drawings 234520 
and 2 3461 5-1, -2). 

Task 3 - Correlation of SP Pulse Anomalies with PSE Sensor or 
CSE Temperature 

A preliminary conclusion was noted in the Interim Report (Reference 1), 
that the SP pulse anomaly did not appear (o be correlated with PSE sensor 
temperature. This conclusion was based upon co1nplete data intervals for the 
first and second lunations and incomplete data for the third and fourth lunations. 

Since the Interim Report, complete SF pulse activity data has been 
compiled up to 6 days past sunrise on the fifth lunation (22 March 1970), and 
partial monitoring results are also available over the entire fifth and sixth 
lunations. The following conclusion may be drawn from the extensive compil­
ation of SP pulse activity data: the pulse activity periods can be correlated 
with PSE sensor temperature gradients, but not with any restricted range of 
t~mperature magnitude. 

The known periods of SP pulse anomaly activity are indicated in 
Figure 2 for lunations 1 through 6 in bar graph form denoting magnitudes of 
PRF for each train over the interval. Solid line plots denote detailed data 
measurements, and dashed line plots indicate approximate amplitude and/ or 
duration wherever exact data measurements are not yet complete. As noted 
in Figure 2, pulse activity appeared during the first lunation between lunar 
noon and sunset, and also during the first lunar night at 5 70 and 672 hours 
past sunrise. During the second lunation, pulse activity appeared at sunrise, 
between noon and sunset and again during the second lunar night. During the 
third through sixth lunations, no SP pulse activity has been detected during the 
lunar night (except for 10 hours past theoretical sunset on Lunation 4). 

The bar graph plots of PRF amplitude from Figure 2 have been 
transferred to separate plots of PSE sensor temperature (DL-07)':' for each 
of the lunations, 1 through 5, in Figures 3 through 7, respectively. A com­
puter plot has not yet been generated for Lunation 6. In Figures 4 and 5 
small "no data" intervals are noted. In Figure 7, the end of the data from 
currently available range tape recordings are noted. On each of the Figures 
3 through 7, the sensor temperature gradient value preceding SP pulse 
activity is noted wherever the value is known. 

;'<DL-07 is the ALSEP telemetry word designation for Passive Seismic Instrument 
Temperature. 
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In Figures 3 and 4, for Lunations 1 and 2, respectively, the sensor 
temperature was off scale at the low end of the temperature range during each 

.lunar night. Accordingly, the sensor temperature gradients for SP pulse 
activity during these periods is not known but is assumed to be non-zero 
(i.e., sensor temperature not constant during first two lunar nights). 

. . Starting with the third lunar night, the LPZ leveling motor was 
maintained in the "on condition" during the lunar night causing the PSE 
sensor temperature to remain approximately constant starting about 24 hours 
past sunset each lunar night. As can be noted on Figures 2, 5, 6 and 7, no 
SP pulse activity has been detected during the lunar night intervals of constant 
PSE sensor temperature. f 

Furthermore, for those SP pulse activity periods where sensor 
temperature data is available, the sensor temperature gradient absolute 
value always exceeds 1. 0°F per 24 hours, just prior to initiation of SP pulse 
activity. A listing of the gradient values for each SP pulse activity initiation 
is given in Table 2 below. 

Lunation No. SP Pulse Start Time 
PSE Sensor Temperature 

Gradient (°F I 24 hr s) 

1 

2 

3 

4 

5 

12-01-69 
12-12 
12-16 
12-18 
12-27 
1-05-70 
1-23 
1-25 
2-16 
2-23 
3-2 
3-18 
3-25 

0900 GMT 
1200 
2100 
1200 
1140 
1520 
1648 
0550 
0920 
1440 
2200 
0000 
1600 

-4. 10 
unknown, off scale low, lunar night 
unknown, off scale low, lunar night 
unknown, off scale low, sunrise 

+1. 70 
-5.25 
+6.50 
+3.07 
-1. 05 
+2.88 
-1. 01 
-1. 05 
+2.70 

Table 2 PSE Sensor Temperature Gradients Prior to 
SP Pulse Anomaly Activity Intervals 

Considering all of the combined information in Figures 2 through 7 
plus Table 2 it can be noted that a definite pattern of SP pulse activity is 
developing with characteristics as follows (assuming sensor temperature 
control cycle remains the same): 
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o SP pulse activity intervals occur approximately 18 hours past 
sunrise, with a sensor temperature gradient approximately 
-1. 05°F /24 hours. Also, occasional activity appears near 
sunset with the same gradient. 

o SP pulse activity intervals occur approximately 190 hours 
past sunrise (sun angle = 1 00°) with sensor femperature 
gradients about 2. 9°F /24 hours. 

o The lunar afternoon pulse activity intervals are always longer 
than the lunar morning activity intervals apparently correspond­
ing to the higher initiating gradient levels. 

r 
Due to the close correlation between SP pulse activity and PSE sensor 

temperature gradient, the correlation between SP pulse activity and CSE 
temperature has not been studied. 

2. 2. 4 Task 4 - Identify Likely Interference Source 

The most likely source of interference causing the observed SP pulse 
anomalies, is the effect of time dependent thermal gradients on the circuit 
element parameters in the SP high gain preamp, located in the PSE sensor unit. 
Thepreamp output is connecte.d via the .. rihhon cable to .the SP attenuator stage 
input in the CS.t.:. Since increasing the degree of attenuation decreases the 
pulse amplitude on the SP channel output, in all probability, the pulses originate 
prior to the CSE input stage, i.e., in the SP preamp itself. This theory appears 
to be further confirmed by the close correlation between SP pulse activity and 
PSE sensor temperature gradient. 

3. 0 SUMMARY OF RESULTS 

3. 1 Pulse Characteristics 

The constant pulse waveshape amplitude, and short term constant pulse 
widths, with slowly varying pulse repetition frequency indicate that the SP pulse 
anomalies are electrically generated rather than mechanical in nature. For any 
given pulse train, the peak PRF and activity duration are approximately pro­
portional to the PSE sensor temperature gradient magnitude immediately pre­
ceding the SP pulse activity. 

3. 2 Pulse Source and Inter-Channel Coupling 

The source of the square-wave pulse anomalies observed on the SP 
and LP channel outputs appears to be the SP preamp located in the PSE unit. 
Since no telemetry test points exist at the SP preamp output, this claim cannot 
be conclusively verified. However, the sensitivity of pulse activity to PSE 

temperature gradient magnitude supports this conclusion. 
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Inter-channel coupling of the SP pulses into all of the LP channels 
occurs within the CSE unit as supported by the data of Table 1. The available 
data indicates that the SP channel pulses are amplified when coupled into the 
LP channels which in turn suggests that the SP pulses are introduced into the 
LP channels on the LP attenuator and post amp input lines (ARl, schematic 
234616 and assembly 234615-l, -2). Since the SP and LP pulse amplitudes 
are reduced when the SP attenuation is increased, it is conCluded that the 
likely coupling point from the SP to the LP channels is at the SP attenuator 
stage output (AR2, schematic 234521 and assembly 234520). The likely 
candidates for the coupling mechanism are the +2. 5 vdc reference lines which 
are printed physically adjacent to the SP AR2 output point and all of the LP 
attenuator and A~l input lines. 

t 
3. 3 Pulse Cause and Correlation with PSE Sensor Temperature 

The data of Figures 3 through 7 and Table 2 shows that a necessary 
(put not sufficient) condition for SP pulse activity is the existence of a PSE 
sensor temperature gradient with an absolute value exceeding l. 0°F per 24 
hours. Since the exact thermal gradients measured with respect to any given 
dimension within the PSE unit are unknown, it is theorized that the sufficient 
condition for SP pulse activity could only be defined by measurements of 
thermal gradients across certain elements of the ''W" board assembly in the 
.PSE .unit. .This board contains the SP ,preamp in.addition to the heater control 
circuit. 

It is concluded that the direct cause of SP pulse activity is the varia­
tion of the quiescent operating point in one or more SP preamp transistor 
stages. The Q point variation is due to time dependent thermal gradients 
within the PSE unit in close proximity to the "W" board assembly. The varia­
tion in Q point could be due to thermally induced changes in (1) the transistor 
parameters or (2) the reference voltage levels or (3) a combination of (1) and 
(2). 

3. 4 Predicted SP Pulse Activity 

Under the assumption that the PSE thermal control cycle remains the 
same for lunations following the third through sixth, the following initiation 
times of SP pulse activity can be predicted from the data of Figure 2. 

Lunati on 

7 

8 

9 

Predicted SP Pulse 
Activity Initiation Time 
Date Time, GMT 
5-16-70 0030 
5-23 0600 
6-14 1130 
6-21 1700 
7-13 
7-21 

2200 
0400 
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It is concluded that SP (and LP) pulse anomalies are directly caused 
by excessive thermal gradients within the PSE unit. If the improved PSE 
thermal control design ensures that PSE sensor temperature gradients are 
constrained to less than 1. 0°F per 24 hours, then no further engineering action 
is recommended to resolve the SP pulse anmaly problem. 

If the PSE thennal gradient constraint cannot be ensured, and it is 
determined that the SP and LP pulse anomaly amplitudes represent a sufficient 
degree of degradation to the SP and LP scientific data, then it is recommended 
that test measurements be performed upon the combined PSE and CSE units 
under simulated lunar environmental conc}itions. The test objectives would be 
to determine the exact source of the SP pulse train and the exact coupling 
mechanism into the LP channels. These tests would require implementation 
of signal analyzer equipment to detect the (assumed) periodic pulse train im­
mersed l 0 db below the nominal SP output random noise level when the attenu­
ator stage is set to 0 db. The results of such tests could then be utilized as 
inputs to a redesign study of the SP preamp circuit and/or assembly in the PSE 
unit. 

Based on the conclusions of this study, no design changes are recom­
mended for either the,SP or .L.,.p channels circuits in the CSE unit. 
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1. 0 INTRODUCTION 
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The long period vertical (LPZ) seismometer exhibited an excessively 
long period, to the point of instability with the filter in, whereas horizontal 
periods (X andY} appeared to be normal. Due to instrument sensitivity the 
possibility exists that minor and/or major changes in the sensor could have 
caused the problem. This report summarizes the areas that were investi­
gated which could have contributed to the problem. The areas are categorized 
as follows: 

a) Z-boom Litz wires 

b) Variation in the upper support or lower hinge of LPZ boom assembly. 

c) Platform tilt, only 0. 0123 radians of platform tilt is required to 
change the period from one of 15 seconds to 45 seconds. An addi­
tional 0. 001 radians changes the period from. one of 45 seconds to 
90 seconds. 

d) Flexure condition, and relationship of filter-in to period. 

2. 0 DISCUSSION 

2. 1 STATEMENT OF WORK 

The following Statement of Work is taken from the MCP originally pre­
pared for this Anomaly Study. 

Investigate cause for unstable LPZ period. 

Perform a mechanical analysis of movement of LPZ parts that could 
account for a change (lengthening) of period of the seismometer. 

Conduct engineering tests on an engineering model seismometer. 

NOTE: (I) Engineering model seismometer must be made operable 
prior to conducting such tests. 

(2) As an option, SN02 may be made available for engineering 
tests. 



2. 2 ANALYSIS 
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The indicated problem areas were investigated with the following re-
sults: 

2. 2. 1 A test was conducted in which readL~~ s of the LPZ period were ob-
tained in the filter-in condition with the Litz wires in their- normal position. 
When two wires at each end were bunched together, no period change occurred. 

2. 2. 2 It seems very unlikely that slippage of the spring suspension point 
has occurred, since once started it would be expected to continue as the motor 
drives the boom assembly up or down. Furthermore, the time to center the 
bo01n assembly is still within the normal expected time scale. 

I' 

2. 2. 3 Tilting the platform would lengthen the period, but if the platform 
were brought back to level, the period would return to the original operating 
range, providing the system remains stable. Such is not the case with the 
·system being investigated in this study. 

2. 2. 4 If the flexures are bent, the period will increase substantially. It 
can be demonstrated that if the flexures are bent in a particular shape, the 
period can be increased and still achieve stable conditions. An experiment 
was performed under the following conditions: 

2. 2. 4. 1 Fle>:ures straight, the anglel between AE and CD zero. 

Results: 

A stable condition, while the LPZ boom natural period varied be­
tween 5. 7 to 6. 2 seconds for various sets of flexures, for the filter-in condi­
tion. 

2.2.4.2 One straight flexure, instead of the normal two, with the angle 
remaining zero. 

Results: 

The boom remained in the bottom position and could not be centered. 

2. 2. 4. 3 The flexures were bent, shape according to shape (a), as shown 
in Table l, and installed in the LPZ. The angle remained zero. 

1. Refer to Figure 2 for definition of angle. 
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In the filter-in condition, an excessively long period was experi­
enced and the system became unstable. The height, h, was 0. 100 in. 

2. 2. 4. 4 Conditions similar to 2.2.44 ::were created with the exception of h, 
which was reduced to 0. 008 in. 

Results: 

The period still remained excessively long and the conditions 
unstable. 

/' 

2. 2. 4. 5 The flexure was changed from shape (a} to shape {b) and tests run 
for various h values (0-0. 060}. ~"e~t-:: were conducted on four sets of flexures. 
The results are plotted in graphs (Ref. Figures 3, 4, 5 and 6) which show the 
variation of natural period with the amount of b~nd in the flexure. 

Table 1 - Flexure Bend Configuration 

fnem I Shape 

A a ___/'\ __ 
' • b ~ h -r 

The results show that 2 out of 4 sets of flexures, with various amounts of bend, 
yielded long periods of 18 seconds which is equivalent to 44. 1 secs.on the lunar 
surface. This simulates the lunar conditions of 45 seconds stable period. By 
studying the graphs, a pattern emerges. The period increases with increase 
in bend of the flexure up to a maximum bend value. The maxi1num bend value 
varies with each set of flexures. If the bend is further increased, the period 
decreases. Another point to note from the graphs is that every set of flexures 
has different characteristics. This can be attributed to the fact that the flexures 
are fabricated from a 300 series stainless steel. The 300 series stainless 
steels are not heat treatable but achieve their strength through work hardening. 
The minimum required mechanical properties can be obtained with little dif­
ficulty. However, a considerable range can exist between minimum and maxi­
mum values. This situation makes it difficult to guarantee consecutive sets of 
hinges with reproducible characteristics. 



3. 0 CONCLUSIONS: 

SSED-R-57 (c) 
CCP 237 
Page 8 of 21 

An important event was demonstrated in laboratory tests. If the flexures 
are straight and are installed in the Z- sensor straight, keeping the angle 
between AB and CD zero, the flexures will remain straight, even if the system 
is caged at 343 psig and c.::c.caeed a few times. But if a set of flexures are in­
stalled in the Z-sensor straight, and the angle between AB and CD is not zero, 
the result is tilted flexures. If the syster.n is then caged to 343 psig and un­
caged several times, a permanent set will be created in the flexures. Actual 
flexures used for the above mentioned tests are shown in Figures 7 and 8. 
The LPZ asse1nbly used for the above experiments was taken from Engineering 
Model #2. The electronic circuitry for this experiment is shown in Figure 9 
and the experiment set-up in Figures 10 and 11. 

The point which must now be resolved is the relationship between the 
preceding experimental work and the particular anomaly associated with SN05. 
At this time it is appropriate to refer to Figure 12 which represents a photo­
graph taken of the SNOS sensor after vibration. Recalling earlier discussions, 
if the flexures are straight and are installed in the LPZ straight, keeping the 
angle between AB and CD zero (ref. Figure 2) and the system is caged and 
uncaged a few times, the flexures will remain straight. The flexures also 
appear to remain straight after vibration. However, if the flexures are 
straight and a.re installed in a tilted configuration in tl1e asscr.u.bly-, a11y su1J­
sequent vibration and/or caging and uncaging causes the flexures to bend. 

One possible hypothesis is to assume the flexures were tilted when the 
SNOS LPZ was assembled. The following sequence of events then took place. 
The assembly was caged and uncaged a few times, which could have created 
a permanent set in the flexures. The sensor was then vibrated, followed by 
1-1/2 cycles of caging and uncaging during the perfonnance of Test Procedure 
2338815 after the last period check. By examining Figure 12 which is a 
photograph of SN05 post vibration conditions, the flexures appear to be bent. 

·The mounting angle measures 2-1/2 degrees. Since the flexures were not 
removed from SNOS after vibration, these bent flexures remained in SNOS. 
Subsequently, the sensor reached the lunar surface in this condition. As was 
explained before, bent flexures can lengthen the period to some extent and 
further damage can render the system unstable. 

. .. --~ 



SSED-R-57 (c) 
CCP 237 
Page 9 of 21 ---

4. 0 RECOMMENDATIONS 

As a result of this study and laboratory tests, the following recommenda­
tions are made to assure that LPZ flexure geometry is correct. 

1. A caution note will be put into the WOOS for the assembly of 
the LPZ. This note will require that in the process of assernbly, 
e:s,._"treme care should be taken to see that the flexures. are flat 
and the angle formed by the flexure in the fle},:ure cla1nps AB and 
CD (Ref. Fig. 2) is zero degrees. After installation of the flexures 
within the LPZ boom assembly is completed, there shall be no 
angle between the flexure and either flexu~e clamp AB or CD as 
,sho\>-111 in Figure 2. 

2. Engineering will examine this srospension point after assembly 
wit.l-:t a critical review of the caution notes. 

3. Hardware changes are not recommended as a result of coxnpletion 
of this study. 

5. 0 REFERENCES 

(1) Interim Report, SSED-R-57 (c) dated 21 Aprill970 
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Figure 2 

Flexure Shapes - LPZ Boom. 

FleA.'Ure 

Z-Boom 

--·----- Thermal Compensator Bar 

1. Angle between AB & CD - Zero. 
2. Flexures straight. 

Flexure --~-·~---.... 

-· --- Z-Boom 

~--Thermal Compensator Bar 

1. Angle between AB & CD - 180 degrees 
2. Flexures Tilted or Bent. 

IJ01C,J_J-J"(-') i (CJ 

CCP--237 
Page 11 of?.l 



•· 
ui 
.c 

o., 

25 

5 

SSED-R-57 (c) 
CCP 237 
Page 12of 21 

DR Darnping 
Resistance 

i. 

in Condition 



~ .· 
l'l 

"' 1-
lli" t: 
~-

-· 
~ 
l!. 

..._ 
L ; 

~: 

bJ _, 
::r. ,_, 
1- t 

:.:) 

Xx 
<..1 "":_> 

+> 

l 
i 

l 
i 
m 
{) 
(!) 
l0 

rei 
0 

•rl 
1-1 
('j) 

P-i 

-E 
1-1 
ro 
~ 

2 

1 

5 

:Flexure Bend ( h ) · 
-··-· t 

40 

(0. 001 in .. ) 

SSED-R-57 (c) 
CP-237 

13 of 21 

60 

' 



l'> ·-
~ 

'"' ~· 
?: 

',} 

---· 
';: 

" r:: 

d 
~ 

;:: :;_< 

+> 

1 -
(/) 

u 
Q) 
(/) 

"0 
0 

•rl 
H 
Q) 

P-t 
,.q 
-1-> 
H 
ro 
~ 

20 

5 

i 
I 

!--c-__ ·Flexure·Bend(h )--··-· ~(0~001 in. 
l__ ' -- ... -· --·' -------

.~.::>.t~.JJ- H.- ::J f (C) 

CCP -237 
Page l4of 21 

[__: ___ ~_ --~ 5 • Flexure Bend V/S; Earth Period 

[; ::-~.[: ·: _·_:i~ .. ---1_:__--LL_j ;_ ~._:_: __ j~--~~-- • -,_:~_--__ ! >:·- 1,:__~_~r ·_;.,--_~--;- ~~-~~~L ___ i_.~-~-L.-~..J 



2 

Ul 
u 
Q) 

{/) 

"C$ 
0 

•rl 
1-i 
Q) 

P; 

.r:: 
+> 
1-i 
rd . riJ 

lil 
z 

10 

0 

~ 
l! 
0: 

r "' c. 
(" 
t·) 

{8-

" f;l .J 
X :;... 
r- ,_ 

h. 

d 

" 
X y_ 

0 

5 

' 1---~----:--------

k---:+~ -
·--------;-•·--

f 

SSED-R-57 (c) 
CCP-237 

Page15of21 

----] 
I 

y•! 

! ! ~ _____ ; ______ :_:. __ ___:_! ---
~ ------ -~ 

-'---·· -, --------- ·-r 
- ! . - -· f 

.:_ _____ :__; ____ .:.__:_:......:...L ---- ::.__-_ _:_:__.,: __ .:.._~--~_i_ ------- ... ~-----·-·- --·~--- - ---· .. - ---___ .. ______ ~---·------~-- ------ ~------<---------- -----
L .:. i 

L --- i ~---
; 

1'6 zo 3d 4o 50 --, 
60 

Flexure Bend (:h) .;..______ ( 0. 0 0 1 

.figure 6 Flexure Bend V /S. Earth Period 



S
S

E
D

-R
-5

7
 (c) 

C
C

P
-2

3
7

 
P

age..!..§_ of 1..!.__ 



Figure 8 
Flexures-Table 1, 

Item a 

SSED-R-57 (c) 

~()(/} 
Ill()(/} 
oq~f?::f 
(1) ,v tJ 

j~ ~ ~ 
-...]-...]1 

0 U1 

'

;:; :: 
~ () 



[ 3 KH~~.~~- I 
I l 
i ! 

! 
i 
j 
I 

l 
I I __ . _______ __. I 

-- - __ ,,____, 

r-- 1 I Pre- I bl Amp I 

+iz. 
.J\,_ 

..:.....-... 

P"-"'. -·~., 

I 
.. 

1 +12 v 
1 

'-····-~··-·---.....! 

I 

r~! 

!Filter I 
1 Switch i 

~ 
·----i Filter I 

' I 
i I 
L----·-·-··· ... ~ 

c. 

,, .. ,, 
: l 

\- 12 v [ 
i 
L_ 

r· ~~ 
---~ Memo Scope I 

L___. __ l __ ... 

..... 

l 
r- J ! 
I Phase Counter I 
L~-----,------

! 

r-~~rio=~=-
i ·---·---l------. 

Function Gen. J 

Blod;: Diagrarn 
Long Period Vertical 
Period Measurcn1cnts 

Figure 9 

\f) 
(._ \ ~ 

'T_),!i 
P,.l 1-'--i .... 
1 ~ .J 

, , I i 
, ... ,, 

...... 
CJ -· 
~ 

~J 

>-+. 
<I n 
...... ·---~· 



r-1
{\ 

I 
p:: I 

~ U
) 

S
S

E
D

-R
-5

7
 (c) 

C
C

P
-2

3
7

 
P

a
g

e
 

1
9

 o
f 21 



S
S

E
D

-R
-5

7
 (c) 

C
C

P
-2

3
7

 
P

a
g

e
 ~
o
f
~
 



CCP-237 
Page~of 21 

SSED-R-57 (c) 



Investigation of PSE Anomalies I 
Apollo 12 Mission 

nv. SSED­
R-57 (d) 

PAGE 1 

IH:V. NU. 

DATE 28 May 1970 

This report provides the results of investigations of PSE anomalies 
from Apollo 12 mission. Reference 97/510-454, CCP-237, 
16 February 1970. 

TASK TITLE: Analyze Thermal Control Problem 

f 

-

Prepared by:£ 7J}:Jbrv 
T. Million 

Prepared by: J// ~: :~-;r-dk~ 
---M. Goodkin 



CONTENTS 

Paragraph Title 

1.0 INTRODUCTION 

2.0 DISCUSSION 

2. 1 STATEMENT OF WORK 

2.2 ANALYSIS 

3.0 SUMMARY OF RESULT'S 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

5.0 REFERENCES 

SSED-R-57 (d} 
CCP 237 
Page _2_ of 36 

Page 

5 

5 

5 

5 

10 

12 

13 



TABLES 

Table Title 

1 Summary of Power Distribution in the Heater Circuit 

2 Su1nmary of Measured Circuit Parameters 

3 Manual Mode Power Dissipation--Watts 

4 Transistor Specifications (Notes 1 and 4) 

r 

SSED-R-57 (d) 
CCP 237 
Page _3_ of 36 

14 

15 

16 

17 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

ILLUSTRATIONS 

Title 

PSE Heater Block Diagram 

Original Heater Circuit Configuration 

New Heater Circuit Schematic 

Duty Cycle vs AR3 Voltage 

Heater Circuit Power vs AR3 Output 

11W 11 Board Changes 

Heater Element Positions r 

Heater Circuit Test Configuration 

. 0 18' Q24' Q25 Potential vs Duty Cycle 

System Power Distribution 

Power Dissipation vs Duty Cycle (Q
24 

or a
25

) 

Power Dissipation vs Duty Cycle (Q
13

) 

Power Loss In Test Fixture 

Test Point B - T 
3 

Secondary 

Test Points C and D 

Test Points C and D Rise and Fall Times 

Test Point E-Q
18 

Collector 

Measurement of V CE Test Point E-Q
18 

Collector 

Test Point F - Ripple Voltage Across c
24 

SSED-R-57 (d) 
CCP 237 
Page 4 of 36 

Page 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



1. 0 INTRODUCTION 
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This report describes the results of the study of the Apollo 12 PSS 
thermal anomaly. The PSS thermal control system did not maintain the 
sensor temperature within the require temperature range of +J08°F to 
+1440F, rather the temperature reference DL-07, indicated excursions of 
-75°F (lunar night) to tl43°F (lunar day). 

2. 0 DISCUSSION 

2. 1 STATEMENT OF WORK 

The following Statement of Work is'taken from the MCP originally pre­
pared for this Aaomaly Study. 

2. 1. 1 Analyze Thermal Control Problem 

2. l. 2 Coordinate electrical engineering effort with concurrent thermal de-
sign group activity. 

2. l. 3 Analyze incorporating additional heater or a replacement heater that 
will enable experiment power to increase by 2. S to 3. 0 w. 

2. 1. 4 Make recommendations regarding circuit changes and method of im-
plementation of design change. 

2. l. 5 Obtain a reliability review of proposed circuit design change. 

2. 2 ANALYSIS 

The following section of this report provides the basis for a design that 
increases the available sensor heater power from 2. 5 w to 5, 5 watts in the 
AUTO-ON mode of operation. This value of heater power, 5. 5 watts, \Vas 
established as a. result of reviewing all aspects of the PSS sensor thermal con­
trol system operation. 

2. 2. 1 The PSE heater circuit shown in Figure 3. 0 is a. modified form of 
the original circuit shown in Figure 2. 0. This 1nodifica.tion now permits, in 
"Auto Mode", controlled heater power up to 5. 5 watts to be delivered to the 
Sensor. 

Curves to show the relationship of 29 volts supply current, duty cycle, 
and the output of temperature sensor amplifier AR3 (see block diagram in 



Figure 1. 0) are 
power in "auto" 
power is at 4%. 
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given in Figure 4. 0. These curves indicate the maximum 
is available at 80o/o duty cycle, and the minimum controllable 
Below 4o/o, supply current drops to 1. 5 ma and heater power 

is essentially, zero, giving a heater "off" condition in the "auto" mode, to 
supplement that given by cornmand. 

This change has been implemented by replacing the transistors at 
018, and Q21 with ones of higher ratings, reactivating the current regulator 
circuit (and increasing its capacity), and changing the values of the heater 
elerrwnts and capacitor C24. 

Figures 6o 0 and 7. 0 show the modification to the "W" board and the 
I' 

location of the added heater elements on the sensor. 

Changes made to the circuit were done without changing its principle 
of operation on its electrical configuration from the basic heater circuit as 
originally designed. 

Tests were performed to verify the circuit performance, and the 
results of the tests are included in this report. 

2.2.2 Modified Circuit Description 

In the modified heater circuit shown in Figure 3. 0 the following changes 
were made, Transistors 01s and 021 have been changed from Type 2N2222A to 
2N3499's (See ':'abL:: ·:C for specifications). This res1,1lted in a larger ::::a~E 

size as well as a higher current capacity. An additional 2N2102 transistor 
Q25• has been added to the current regulator to increase its current capability. 
To provide for better load distribution on 024 and 025 separate em.itter resis­
tors R38 and R39 have been used to replace the single R38 resistor. Heater 
elements have been added to parallel the present elements reducing the resis-­
tance from 290 r2 to 104. 5 0 . To compensate for the change in time constant 
in the decoupling circuit (H 1 and C24) an additional 4 7 mfd has been paralleled 
with c 24 for a new value of 94 mfd. 

Resistors R38 and R39 are critical in determining the current limit, 
and in turn the maximum power available from the circuit, consequently these 
will be selected in the "W" board test procedure for optimmn results. 



2. 2. 3 · Calculations 

2. 2. 3. 1 Transistor 018 Power Dissipation 
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For the 018 power dissipation calculations it was assumed that 
018 acted as a "perfect" switch. Current flowed only when Q18 was "ON". 
Negligible current flowed when 018 was "OFF". 

Test data used included the current through Q18• measured with 
an ammeter, and the potentials at the collector .and emitter of 018 and the 
duty cycle, measured with a CRO. 

The current during the "ON" lime of 018 was 

IoN = Imeasured /Duty Cycle 

The power dissipation during the "OFF" time of 018 was negligible. 
The power dissipation during the "ON" time was 

PaN= ION VeE (ON) 

Then the average power dissipation of transistor Q18 was 

= PoN · (Duty Cycle} 

=IoN • VCE(ON) • (Duty Cycle} . 

= Imeas/(Duty Cycle) V CE(ON) {Duty Cycle) 

= Imeasured V CE{ON) 

2. 2. 3. 2 Transistors Q24 and Q25 Power Dissipation 

The emitter resistors of Q24 and Q25, R39 and R33, were meas­
ured. The resistors were each 6. 0 ohms. During the test, the potential 
across each resistor, R39 and R33, was measured with a digital voltmeter. 
The currents through R39 and R33, and thus through Q24 and Q25, respec­
tively, were calculated by 

I= E/R 

The potential at the common collectors of a24 and a25 was obtained 
with a CRO. The potential was a ripple voltage around a DC level. The col-
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lector -emitter potentials, of 024 and 025 were taken as the difference between 
the DC level and the drops across R39 and R33. 

Then, the power dissipation was 

p ==IV CE 

for each transistor. 

2.2.3o3o Duty Cycle 

The rectangular waveform at trhe collector of a 18 was displayed 
on a CRO. The pulse repetition time, PR T, and the pulse width, P'iT, (.:uring 
the ''OI'J'' time of a 1s were measured. 

The duty cycle was calculated as follows: 

Duty Cycle == PW/PRT 

2. 2. 3. 4 · Heater Elements Power Dissipation 

.The measured 29 volt supply current, I, was the average current 
through the two heater ele1nents. Designating the resistances of the heater 
elements as RHl and RH2' the power dissipated in the heater elements was 

2. 2. 3.5 Survival Power Calculation 

In the survival mode of operation a 290D +10% heater element 
and a diode located in the CSE are placed in series with the 29 volt source 
.and the PSE heater circuit. In the 11 Manual Mode 11 of operation, Heater 
Power is calculated as: 

PHeater =·E29v 1AVE- J
11

AVE:,
2 t 2 90~(;= 

Circuit-Survival I \ J 

' 2 
~l ~ R + 
~ AVE: Heater 
\ Elem. 

(where ER3S> ER39' . EQ24' and EQ25 are voltage drops across subscript 
elements.) 
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Power Closure: To determine distribution of power in the heater cir­
cuit, the following relationship v.1as used for a given value of duty cycle: 

p circuit= E29v X 1ave = r;ve (Rheaters} + EQI8 lave + EQ24 IQ24 ave 
power 

+ EQ25 IQ25 ave + 
2 

ER38 
R38 

E2 . 
+ _R39 + p 

R39 Lumped 
Losses 

+ PTest Fixture 
Losses 

Results of these calculations are tabulated in Table 1 and 
plotted as a function of duty cycle in Figure 10. 0. 

To separate circuit power frbm fixture power, the above equation 

was solved for PTest Fixture Losses as 

PTest Fixture = p circuit 
Losses power 

(PL d -'-P + PQ18 + PQ24 + PQ25 
umpe ' Heaters 

A plot of this power as a function of duty cycle is shown in Figure 13. 0. 

2. 2. 3.6 Transistor Power Dissipation Derating 

For both transistors 2N2102 and 2N3499, th~ following approach was 
used during the circuit design for component selection. The dissipation ratings 
based on case temperature were used, since the objective of the heater circuit 
is to maintain the Passive Seismometer at a stable temperature of approximately 
52°C. 

Calculation: 

Maximum transistor dissipation at 250C: 

PD25 = 5 watts 

Derating factor for temperature: 

Derating factor for vacuum 

Dy = 0. 5 
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Maximum allowed dissipation derated for operating environment: 

Pn = (Pn2s - DT T) Dy 

= 5 w - (28. 6 m w /°C) (52°C - 250C) 0.5 

= 2. 1 watts. 

2.2.4 Test Description 

The circuit parameters were measured in the lab using an engineer­
ing m.odel of the PSE. The test configuration is shown in Figure 8. Heater 
elements were si1nulated by using two wife wound resistors located on the 
test fixture. Decade boxes were used to vary the input to the thermal bridge 
amplifier, AR3, which in turn controlled the duty cycle at the VCO (Ref. 
Figure 1 ). For each "sensor" resistance val\+e, the following measurernents 
were made (Table 2): 

a. Current from 29 volt supply 

b. Potentials at the collector and emitter of 010 

c. Potentials across F. 38 and R39 

d. Temperatures of 018 and Q2.4 

e. Duty cycle 

f. AR3 output (thennal sensor amplifier). 

3. 0 SUMMARY OF RESULTS 

The purpose of testing the design was to verify that the modified cir­
cuit, would function in the same manner as the original circuit, but would 
supply 3 watts of additional power. The results of the tests are shown in 
Figures 9, 10, 11 and 12. These curves show that the measured circuit 
power at 80% duty cycle was over 5. 5 watts. 

To determ.ine the functioning of components in the new design, the 
power distribution was analyzed in Figure 10. From these curves it is 
evident that the heater elements located on the sensor case (Figure 7) will 
receive the greater portion of the increased power (60. 6% at 80% duty cycle). 
The next largest dissipation (22. 6%) is in the regulator transistors 024 and 0 25 . 
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Distribution of this power is shown in Figure 11. This plot indicates these 
transistors must be capable of operating from less than 15 milliwatts to a 
maximum of 620 milliwatts in the ''Auto Mode". A temperature profile of 
the o

24 
case parallels the dissipation curve of both transistors, indicating 

the relationship of the two quantities. A test in the "Manual Mode", showed 
a power of 790 milliwatts as a maximum power in each transistor for this 
configuration. 

The temperature and power profile of Q18 (Figure 12) shows a 
smaller variation with duty cycle and a lower maxirnum dissipation. 

The difference between the "corrected power" curve and the "Heater 
Power + 0 13 + 0 24 + 0 25 " curve (Figure 1 0) is the dissipation attributed to the 
rest of the PSE heater circuit components shown in Figure 3. The difference 
between the "Nominal Measured Circuit Power" and the 'Corrected PowerH 
plotted in Figure 13, is believed to be a reactive effect due to c 24 and the 
inductance in the 30 ohm wire wound resistor used to simulate the parallel 
64 ohm heater elements in the modified circuit. 

The "frequency" curve in Figure 13 is the lowest frequency component 
in the "ON" time pulse at the collector of q18 . 

The peak in the power curve in Figure 13 indicates resonance in the 
J\.C loop, also illustrated in that figure. It was calculated that resonance '.vodd 
occur at a duty cycle of 21. 2% if the 30 ohm "heater element" had an inductance 
of about 1/t Henry. The inductance of the 30 ohm "heater element" was found 
by measurement with a bridge to be 1. 5 f' H. 

Because of the inductance in the resistors used to simulate the heater 
elements, the selection of resistors R 38 and R 39 will be done in a DC test in 
the "Manual On" mode, and a wider tolerance to allow for stray resistance in 
tests fixtures for the in-process test for the W board (P/N 2338786), will be 
made. This procedure will allow a more accurate determination of power that 
will be available when the non-inductive heater elements in the sensor replace 
the test fixture resistors after final assembly of the instrument. 

Photos in Figures 14 through 19 show that the basic waveforms have 
remained the same after modification, changing only to reflect the increased 
power in the o

18 
collector circuit. 

Comparison of the control curves of Figure 4 indicate that the duty 
cycle has remained essentially the same and the current available has more 
than doubled to supply the increased power. 
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Changing the value of capacitor c 24 has allowed the retaining of its 
decoupling function by compensating for the change in heater element resistance. 
Tests indicate the am.plitude of the ripple is larger, but the waveforms are 
unchanged. 

Power data taken on a
24 

and a
25 

transistors indicate a better 
division of power with the addition of the emitter resistor R

38 
than could be 

expected with a single emitter resistor. 

The measured power indicated in Table l as 5. 52 watts and corrected 
to 5. 321 was the result of setting the desired po:'>ver in the ''auto mode". This 
method of setting desired maxirnun'l power has been modified for the reasons 
previously discussed. 

4. 0 CONCLUSIOI,;s AND RECOMMENDATIONS 

As a result of the design study and test of the modified heater circuit 
the following recommendations are made: 

1. Transistors a 24 and a
25

, because of the amount of power they 
are required to dissipate, should be provided with heat sinks. 
This will ensure increased reliability. 

2. The heater elements, no\11l co1nposed o£ :four separate elements 
should be replaced by two. a£ the appropriate size, and 'located 
in the position of the present 145 ohm heaters in other sensors. 

3. Allow a \.Vider tolerance for readings in t~sting tpe uwll board 
in the "auto mode" to allow for test fixtur¢, reactive effects. 

'': • i~ • 1! 

4. Set the desired maximum power level in the ·;,~M~lnual On!' mode 
in the in-process test in the 11 W 11 board. 'i·~ 

"';,. 

5., Evaluate the thermal stability of transistors a 18 , a24 , and a
25

. 
This should be done for the worsd- case condition of the "Manual 
On". and using 29 volt power as the source. 

6. Present lin'lits on the ALSEP 29 volt circuit breaker have 
necessitated the reactivation of the current regulator. The 
results of the tests that have been made indicate that 22. 6% of 
the heat power supply by the heater is being done so by use of 
the regulation transistors 1 case dissipation. Higher effidency 
in current operation could result if more of the neat were St!pplied 
by the heater elements. To provide for this, increasing the 
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current capability of the breaker and again deactivating the 
regulation circuit, along with proper selection of heater 
resistance values should be considered in future designs. 
From this change a more unifonn distribution of heat through­
out the instrument (by conduction) should result because 
better coupling of the heat source (the elements) to the case 
will be provided. 
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2N21 02 (Note 4) 

5000 (Note 5) 
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1. Acceptable Parts List, February 13_. 1970, BSR 2857, P53. 

2. Specification Sheet for 2N2222A, Motorola Semiconductor Products 

3. 

4. 

5. 

Motorola Semiconductor Data Book, Page 8-161, 2nd Edition 

Specification Sheet for 2N21 02, 2Nl613, Radio Corp. of America 
0 

Dissipation at Case Temperature up to 25 C. 

Table 4 - TRANSISTOR SPECIFICATIONS (Notes 1 and 4) 
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TEST POINT B- T3 SECONDARY 

Original Circuit 

Time ....__ 

Minimum 
Duty 

Cycle 

5 volts/em 
100 p .. sec/ em 

Maximum 
Duty 

Cycle 

Figure 14. 0 
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Modified Circuit 

Time -4---



TEST POINTS C AND D 

SSED-R-57 (d) 
CCP-237 
Page 32 of 36 

Original Circuit 

In Each Photograph-
Top Waveform: Test Point C 
Bottom Waveform: Test Point D 

Minimum 
Duty 
Cycle 

2 volts/ em 
100 usee/ em 

Maximum 
Duty 

Cycle 

Modified Circuit 

Note: Center and bottom 
reticle lines are 

Figure 15. 0 

V = 0 reference for 
Respective traces. 
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TEST POINTS C AND D RISE AND FALL TIMES 

Original Circuit 

Time~ 

Minimum 
Duty 

Cycle 

Test Point D 

Test Point C 

2 v/cm 
10 , ~ sec/ em 

I 

Maximum 
Duty 

Cycle 

Test Point D 

Test Point C 

Figure 16. 0 

Modified Circuit 

Time ....,.__ 



TEST POINTE- 0 18- COLLECTOR 

Original Circuit 

Time~ 

NOTE: Unbroken trace 
V = 0 Reference 

Minimum 
Duty 

Cycle 

10 volts/ em 
100 ct sec/ em 

Maximum 
Duty 
Cycle 

Figure 17.0 
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Modified Circuit 

Time ..--



MEASUREMENT OF V CE 
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TEST POINT E - 018 COLLECTOR 

Original Circu1t 
1 v/cm 
100 •1 sec/ em 

i 

Minimum 
Duty 

Cycle 

Maximum 
Duty 

Cycle 

Figure 18.0 

Modified Circuit 
10 v/cm 
100 '' sec/ em 

I 

Time....,.._ 
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TEST POINT F - RIPPLE VOLTAGE ACROSS c 24 

Original Circuit 

Time .......-~ 

Modified Circuit 

Time -4--

Figure 19.0 

IN EACH PHOTOGRAPH: 
TOP: Minimum Duty Cycle 
BOTTOM: Maximum Duty Cycle 
SCOPE SETTINGS: 

200 mV/cm 
100 Ll sec/ em 

I 
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J. 0 INTRODUCTION 
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This task has been performed to determine the magnitude of the 
forces exerted by the electronic cable assembly on the PSE, and to detennine 
the contributions of the skirt to the noise anamoly observed at terminator 
crossing. 

2. 0 DISCUSSION 

2. l Statement of Work 

The followint: stater.nent of work is taken from the MCP c.ri[inally 

prepared for this anon2ly stuc_y. 

2. l. 1 Analyze Thermal Shroud Design 

2. 1. 2 Analyze design (Ultra Insulation/Easton Precision Tube) of skirt 
multi layer tie down. Consider the following . . 

a) Multi use of mono filament to increase individual layer tie down. 

b) Perforated mylar (modification) to provide a means to permit 
outgassing between layers. 

2. l. 3 Analyze use of additional skirt deployment tabs. Consider addition of 
ballast to weigh down the edges of the skirt. 

2. l. 4 Conduct a stowage/ deployment test on a non flight thermal shroud 
to determine if any mechanical problems exist due to the addition of material 
to the edge of the skirt. 

2. 1. 5 Prepare recornmendations for a design mod kit to thermal shroud. 

NOTE: ALSEP to provide a test model thermal shroud to support above. 

The following task has been undertaken as a result of Letter 
BG 931/Lll5-70/T94, 20 February 170, Attachment 1, para 5. 0, Noise 
at Terminator Crossing. 

2. lo 6 Analyze shroud design to devise a method of shroud modification 
to eliminate possible shroud problem due to strain accumulation and release. 

2. 2 Analysis 

The ideal support for the PSE is three legs forming a simple tripod. 
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A tripod is statically determinate, which means that the forces of the 

ground on·the three legs could change only by a shift in the center of 

gravity of the PSE assembly. 

Both the thermal shroud and the electronic cable assembly add 

redundant "supports'' to the PSE tripod in that they can transmit loads 

from the ground to the instrument, or can transmit their own weight 

forces to either the PSE or the ground in varying amounts. This problem 

could be alleviated by either decoupling the two items from the PSE or by 

lowering their weight and stiffness. It may not be feasible to decouple 

the cable assembly from the instrument: However, running the cable 

beneath the experiment would rninimize the change in moment on the 

instrument for a given change in cable force. See Figure 1. 

The calculations which follow investigate conditions under which 

anomalous moments can be exerted on the PSE. Included are: 

2. 2. 1 Forces exerted by the electronic cable assy on the PSE 

(Reference pages through ) . 
2. 2. 1. 1 Change in cable length supported. 

2. 2. 1. 2 Change in curvature of cable. 

2. 2. 2 Effects of skirt on terminator anomaly. 

(Reference pages and 

2. 2. 2. 1 Griffin modification 

2. 2. 1 Calculate Forces Exerted By Electronic Cable Assy. On PSE. 

Two possibilities are presented: 1) a m.oment on PSE due to the 

length of cable supported and 2) a moment on the PSE due to a change in 

curvature in the cable. 

2.2.1.1 Determine threshold value of change of cable length which will 

cause signal by PSE 

Weight of P-35 cable per inch= W = W + W 
1 cu p 

where W = weight of copper in cable 
cu 

W pl = weight of plastic in cable 



J f 

W ::: 30X . 002 X • 025 x . 32 lb3 = 
cu in 

wpl = 
2 

27 
lb 

ftZ" X 
1 ft. 2 

144 in 
2 x 1. 65 in. 

SSED-R-57 (e) 
CCP-237 
Page 6 of 13 

. 000 48 1b /in. 

. 000846 

W = . 001326 lb/in 

Weight of P-30 cable per inch :::: (. 024/. 010) (. 001326) = • 00318 

:. Unit cable weight= . 001326 + . 00318 = • 00451 lb/in. 

a) M = 4T = moment of force exerted by cable about point X: 
I' 

Ass1.:me cable hangs in catenary making an angle of 60°with the 

horiz,')ntal at a moment arm of 4 inches. See sketch A. 

Let L = length of cable 

\ 



.-.... 
c. 

" J 

T 
X 

= 

. ...,..., 
= 1. 

0 

-{3 
----
rJ~ .. ~ 

.1. 1 

T 
y = .00318 

and 

lb 
in 

X 

= 

L in. 

SSED-R-57 (c) 
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1 

b) T = 2 T 1 X .'60318 :x L =. 00367 L = 
yT y --

• 866 

Determine threshold moment as function of threshold rotation: 

-1 
Q = arctan Z = arctan . 1 = tan . 0239 = • 024 radians 

4.1875 4.1875 

1 
M = 8. 375 P = 8. 375 p (4. 5) = 8. 375 (3 x. 1 ) (4. 5) = 11.3 

c) K=~ = 
Q 

11. 3 = 470 lb.-in/radian 
. 024 

Threshold rotation is 5 X 1 o- 8 radians 

Therefore threshold moment is. 

d) M = K Q = 4 7 0 x 5 x 1 0 - 8 = 2 • 3 5 x 10 - 5 1 b.- in 

From eqs a, b, and d: 

4 ( • 003675 L) = 2. 35 X 10- 5 

e) L= 2. 35 

4 
X __ 1 __ = • 0016 in. 

367.5 
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2.2.1.2 Eq. e assumes no change in cable curvature. However, because 

the cable has a finite bending stiffness, a change in curvature does produce 

a n1.oment on the instrument. The following calculations detern1.ine the 

change in curvature to produce a change in moment equal to the threshold 

value of Eq. d. 

Determine bending stiffness of cable: 

I 
cu = 1 

12 
bh

3
= 1 (30x.002)(.025) 3 = f2 

where:· leu = Moment of Inertia of copper 
r 

-9 
77. 9 X l 0 

(EI)cu = 17 x 106 x 77.9 x 10-9 = 1. 323 lb- in2 

Ecu = Modulus of Elasticity of Copper 

(EI)FEP = 70, 000 l 1.65 [(.006) 3 -(.002) 3 ] (12) 

where: IFEP = Moment of Inertia of FEP plastic 

EFEP = Modulus of Elasticity of FEP plastic 

::: 2 X 10- 3 

~<(EI)Mylar = 550,000 ( -1 ) (1. 65) [ (. 01) 3 - (. 006) 3 ] :::.0591 

=59xlo- 3 12 

where I Mylar = Moment of Inertia of Mylar 

E Mylar= Modulus of Elasticity of Mylar 

negligible 

f) EI = ~ + (EI) +(EI) _ 61 10-3 . 
cu FEP Mylar - x ps1 

Cables P-30 and P-35 are tied together at only one point. Approximating 

their effective EI yields: .., 
- j' \ 3 I 

EI ::: ! 1 + l • 024 \ I X 61 X l 0- 3 

L. \.010 J J 

>!< Type A Mylar (E::J. 55 x 1 o6 psi) 



g) 

-3 
= ( 1 + 13. 8) X 61 X 10 

= 14.8 (61) X 10-
3 

= • 904 
2 

1 b - in 

EI ( l 
Rfinal R~nitiall 

R =Radius of curvature I' 

= M 

SSED-R-·57 (e) 
CCP-237 

Page 9 ofl3 

For initially flat cable, Rin = cx:::;J . From eqs g, f and d, 

h) 

2.2.2 

. 904 

I{... = 
I 

.904 

. 0235 X 10- 3 

- 0 = 2.35xl0-S 

- 38, 500 lT~. 

Determine Influence of PSE Skirt Using Griffin 1 s Auxiliary Ring 

Concept - Reference 4. 

2. 2. 2. 1 Calculate weight of PSE skirt necessary to cover annular area 

60" O.D., 10.75" I.D. 

Area= 2827.50 - 90.76 = 2736.74 in
2 

[ 
t p t ~ J 

W = Weight= 2736.74 x . 002 ( . 076) + • 0055 (. 05) 

teflon mylar 

w~ 2736.74x [.000152 + .000275] . 

i) w = l. 168 lb. 
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2. 2. 2. 2 Calculate change in weight supported by one point on ring to 

produce threshold mom.ent. 

Radius of ring is moment arm of weight= 5. 375 in. 

j) 

A -5 u,Wx (5.375) = 2.35 x 10 

A -5 LJ. W = ,437 X 10 lb. 

__/jJ!_ 
w 

X 100 = •437 
1. 168 

= . 000375% 

is the percentage of shroud weight needed to cause detectable 

instrument rotation. 

3. 0 SUMMARY OF RESULTS 

3.1 The interpretation of Eq e is that for the assumed cable configuration, 
0 

i.e. 4 in. mon1ent arm and 60 angle, and for no change in bending moment 

on the cable, an increase in the supported cable length of . 0016 in. is sufficient 

to cause an anomalous signal. This change in length could be due to 

time dependent material effects (creep, relaxation) or due to thermal 

expansion. 

3. 2 The interpretation of Eq h is that a change in curvature from. the 

flat condition to a radius of approximately 38,500 in will cause an anomalous 

signal. This is a small change in curvature and could be caused by 

changes in temperature or by changes in material properties. The effects 

of Eq e and Eq h may to some extent com.pensate one another. 

3. 3 The auxiliary ring concept effectively makes the shroud spring constant 

nearly zero and therefore minimizes the anomaly due to thermal expansion 

discussed in Reference I. However, equation j shows that if the change in 

weight supported by one of the ring tie lines changes by , 000375%, an 

anomalous signal can be picked up by the PSE. 

4. 0 CONCLUSIONS & RECOMMENDATIONS 

With regard to the electronic cable assembly, it is concluded that the 

cable can exert an anomalous moment on the PSE if the change in supported 

length is as small as • 0016 inches. Running the cable beneath the instrument 

would rrdnimize this effect. See Figure 1 
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With regard to the PSE skirt, it is concluded that a completely 

detached skirt is the only sure method of preventing anomalous signals 

from that source. Two methods of detaching the skirt are the dome con­

figuration (Ref. SSED-436) and the labyrinth configuration, Figure 2. 
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Figure 1. -The Moment of L;.F about Point X Is Minimized by 

Running Cable Below PSE. 
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Figure 2. Labyrinth Skirt Configuration 
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1. 0 INTRODUCTION 

Thermal data received from SN05 indicates a potential for the 
bottom of the sensor to contact the lunar surface. One probable cause 
of this may be due to the PSS leveling stool foot pads not being large enough 
to prevent continuous settling of the sensor into the lunar surface after 
deployment. The foot pads, the thermal isolator buttons apd the foot 
design were modified resulting in a positive clearance of 0. 425 in. to 
0. 925 in. 

2o 0 DISCUSSION 

2. 1 Statement of Work 
r 

2. 1. 1 Analyze design of PSS leveling stool foot pads and consider the 
design of the pin that is inserted into the lunar surface; a conical shaped 
pin is to be considered. 

2. 1. 2 Analyze the size of the leveling stool foot pad in view of the fact 
the Apollo 12 PSS sensor continues to be settling after deployment. 

2. 1. 3 Make a recommendation for appropriate redesign of the foot pad. 

2. L 4 
stool. 

Analyze the design of·the isolator pads on the ring of the leveling 

2. 1. 5 Propose to test the redesigned leveling stool at the MSC lunar 
surface simulator. This test will require the use of a dummy weight sensor 
simulator. 

2. 2 Analysis 

2. 2. 1 Foot Pad Design Analysis 

An analysis of both the current and proposed foot pad design was made. 
Table 1 lists the constraints under which the current foot pad design was made. 

Item Quantitative Value 
1----------------------t-------------·····---·· -------------···-··-·--···· ; 

,i 

I. Lunar Gravity 

2. Earth Weight of Sensor 

3. Lunar Weight of Sensor 

4. Total Foot Pad Area 

5. Pad Pressure on Lunar 
Surface 

1/6 Earth Gravity 

22 Lbs. 

3. 7 Lbs. 

6 
. 2 

• 1 ln 

0. 606 psi 

~---------·----------------- ·----------.. ---.. -·---·----·- -·---------
Table 1 - Design Constraints for Leveling Stool Foot Pads 
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l. No impact or shock loading during deployment of PSE on the 
stool. 

2. Astronaut does not lean on the sensor. 

With these assumptions the stool will sink approximately 7. 6 mm 
or 0. 292 in (Ref. Figure 1). The total clearance between the bottom of the 
sensor and lunar surface is 0. 44 in. (Ref. Figure 2). Thus, under static 
load conditions, the system attains a positive clearance of 0. 148 inches. 
(The difference between 0. 44 and 0, 292). 

During deployn'lent, the astronaut firmly places the leveling stool on 
the lunar surface, and levels the sensor after it has been placed on the stool. 
The assumption regarding static deployment is questionable. For example, 
considering the impact/ shock loading, coupled with the possibility of the 
astronaut leaning on the sensor, which induces extra forces on the stool, the 
loads could be increased at least four times, which will increase the foot pad 
pres sure on the lunar surface to 2. 424 psi. Referring to Figure 1, a clearance 
of 22. 4 mm or 0. 88 in. is required to withstand this pressure before the bottom 
of the sensor touches the lunar surface. These results indicate that the base is 
probably touching the lunar surface unless the-astronaut formed a large enough 
depression beneath the sensor at the time of deployment. It is believed that 
the astronauts did provide a hole for the sensor as part of the deployn'lent pro­
cedure for the PSE. 

3. 0 RESULTS 

A new conceptual design is shown in Figures 3, 4 and 5. The total surface 
area of the foot pads is 12. 25 sq. in. Using the same loads with a safety factor 
of 4, sensor pressure on the soil is 1. 21 psi instead of 2. 424, a decrease by a 
factor of 2. 0. Referring to Figure 1, the stool will then penetrate approximately 
13.0 m.m. (i.e. 0. 515 inches); the interference, now would be 0. 075 inches. 
A positive clearance of 0. 425 to 0. 925 in. is obtained by redesigning the buttons 
and the inserts in the stool, as shown in Figures 5-l, 5-2(a) and 5-2(b). A 
·positive clearance of 0. 425 in. is obtained if the button design shown in Figure 5-2(a) 
is used, and a positive clearance of 0. 925 in. is obtained if the button design 
shown in Figure 5-2(b) is used. Thus, a total clearance of 0. 425 in. to 0. 925 in. 
is obtained with the foot pad design change shown in figures 3 and 4 coupled with 
insert and button design change shown in Figures 5-l, 5-2(a) and 5-2(b). The 
above positive clearance between the sensor and the lunar surface is based on 
a conservative design estimate of all anticipated loads. 

The modified foot pads and insulating button inserts would be made of 
beryllium. to minimize thermal stresses. The new foot pads can be physically 

':'Lunar soil constants are obtained from figure 1. 
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attached by thermally conducting epoxy to the old foot pads and a mechanical 
attachment achieved with 3 screws to provide additional rigidity at the inter­
face point. The insulating button inserts can be screwed in the stool and se­
cured to withstand vibrations. The insulating buttons will be epoxied in the 
berylliurn inserts. 

4. 0 CONCLUSIONS AND RECOMMENDATIONS 

The test results, sumrnarized in Table 2, show that with the redesign of 
the foot pads and buttons, a positive clearance will be obtained in a very fluffy 
soil, if the soil is m.oderately compacted. It is. therefore recommended that 
the new foot pads, inserts and button sizes be incorporated in future units as 
sho,vn in Figures 3, 4, and 5. A typical co1npleted assembly is shown in Fig­
ure 6. !' 

5. 0 REFERENCES 

l. Interim Report, SSED R-57 (f), 21 April 1970. 
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Table 2 - Summary of Tests Conducted at MSC, Houston 
on 5/20/70 Utilizing the Modified Stool Design 

Soil Pads 
--

l 

1. Compact New foot pads 

2. Very loose j New food pads 

(fluffy up to I 
6 in. depth) 

3. Loose soil New foot pads 

as in 2 (mod-

erately compactedX 
I 

4. Loose soil ! New foot pads 

(fluffy up to 3 in. 1 
I 

in depth) (mod- I 
erately compacted) 

1 

5. Lao se soil as 
in 4. (not cn:rn­

pacted) 

6. Lao se soil as 
in 4. (not com­

pacted) 

7. Lo0se soil 

as in 5. 

I 
! New foot pads 

i 
1 New foot pads 

I 

Extra 

Buttons 
Pressure 
Applied 

1--

Long buttons None 

Long buttons None 

I 

Short f None 

Long None 

i 
Short Excess of 5 

·lbs 

Long None 

Long None 

Clear a nee (Between 
om of the the bott 

sensor & soil) 
··-~----

2. 5 in. 

Interfer 
(base to 
soil) 

1. 5 in. 

ence 
uching the 

1. 87 5 i n. 

Very cl ose, not 

touch1ng 

1. 625 in. 

I. 625 in. 
1 
I 

8. soil 

IN ew foot pads 

! New foot pads Short None 0. 87 5 in. 
·I 

Loose 
as in 4. 

9. Loose soil 

lasin4. 

!10. Very com­
j pact soil. 

I 
l Old foot pads 

l 
I 
iold foot pads 

Old buttons 

Old buttons None 

Pads sank in the 
soil, base very 
close to touching 

0. 75 in. 

I 
I 

~~~:~:~~.:~:~~-_I Old foot pa~--- Long button'j About 5 lb_s __ :l::: __ s_t~-~-:~_::_:_~h-/ 

I 
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