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1.0 INTRODUCTION

This report addresses the results of the study of the Apollo 12
" Short Period Vertical Seismometer anomaly 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 1-2 HZ. This anomaly
became evident when the SPZ seismometer 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

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 Seismometer,
2.1.2 Review SPZ transformer coupling measurements of T-13081.

2.1.3 Examine results of previously conducted SPZ float tests and strip

chart records available showing natural period and d

2.1.4 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
: mass displacement as a function of individual and combinational
o broken delta rods.

2.1.5 Perform an engineering evaluation test using the SNO1 PSS. This test
will be done during the performance of in-process test T-13069 by interrupting
this test and inserting two special engineering tests.

2.1.5.1 Generate an engineering {special test) plan to:
V (a) Transmit SP cal commands to sensor at all gain settings
using ETS.
{(b) Transmit 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. 4

2.2 Analysis

The following section establishes the basis for the expected gain of
the SPZ seismometer which is in the SNO05 PSS of the ALSEP Flight 1 system.,

@G (DRX) A
Volts/mc.ter = "CDR @ 1 soc

G =176.1 from final float test da}ta after rework 02-15-69.

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

A = Amplifier gain @ 0 db.
' From T.P, 2338215, A =89CC @ -2 ¢b, and notins that "icital
to Analog converter of test set has gain of 2, then -

8900 x 3.16 = 14,062 cain @ 0 db.

2
. CDR @ 1 sec = 4683 as recalculated using data from float test of
02-15-69.
9
Volts/meter = (3.1416) (1.761) (5. 6336) (1.4062) 10
(4.683) 10

= (9. 363) 106V/me‘cer @ 1 sec

or 9.363V/y @1 sec.

Ale
=i

and Minimum 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 accelerationof 8 x 107 cm/sec” (peak-to-
peak surface motion amplitude of 2 nanometers at a frequency of 10 hertz).
Lunar surface accelerations less than this approximate threshold are
apparently not detected by the SPZ seismometer., "
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2.2.1 Summary of Results as Regards Short Period Seismometer Float
i 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 computed by measuring current required to equal
movement of known weight lift.

) Table 2.2-2 shows a recalculation of "G (motor constant) and a
computed "K' (spring constant) using measured 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 =.8333xmx 9.807/1I

where m = total mass weight in kilogi‘ams
I = current required to float mass in amperes
9.807 - acceleration of gravity in meters/sec?
. 8333 - 5/6 of total amass floated by .current in signal coil

G = Tawton: fampere

Table 2.2-4 (5 sheets) shows a summary plot of all period and "G"
measurements for each unit. It is noted that seismometers 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 ""G'" after rework, rework being tension bolt
replacement. This change is attributed to a decrease in flux density due to
bolt change.

4
From the Period vs. "G'" 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 SNO1 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.




S/N Weight Position Period Volts 15 Gram Calculated
Date Added to Center Seconds @z2,01K Current ngn
03 0 +, 045 1,12 1.6407 815 183,82
10-09-67 +2 gm . 000 1,14 1.6474 819 179.47
125~10 +4 gm -, 045 1,12 1,6443 818 181, 04
04 0 +, 055 1.23 1.6798 8.363 176
10-13-67 +2 gm -, 010 1.14 1.6785 8,301 177.2
i25-11 +4 gm -, 060 1.08 1.6749 8.333 176.7
05 0 » +.,060 1.14 1,6009 . 79647 i85
03-04-68 +2 gm +,005 1.26 1.5987 < . 79k4 185
125-12 +4 gm -. 050 1.18 1.6077 . 79985 184

06 0 +.063 1.16 1.6462 .81815 179.8
05-13-68 +2 gm -. 003 1.49 1.6385 81432 180, 64
125-5 +4 gm -, 073 1,17 1.6574 .823 178.58
07 0 +.050 1.15 1.6439 . 8166 180. 14
05-27-68 +2 gm +,005 1,17 1.6325 .811 181. 34
125-6 +4 gm -. 045 1.18 1.6333 .8114 181. 30

Teledyne T-130&1 Test Data

Farth Spring Data:

10-09-67 and 10-12-67 F = 554.05 gm K = 12,07 gm/cm
03-04-68 F = 55,04 gm K = 12.07 gm/cm
05-13-68 and 05-27-68 F = 544,05 gm K = 12.07 gm/cm

Table 2.2 - 1 (Sheet 1 of 2)

Q
ased

LE7-dDD
(e} L9-¥-UHSS
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S/N 03 04 05 06 07
Damp
Ratio 1.025. 1.064 1.079 1.13124 1.04
Critical
Damp . 0078 .0209 . 02446 .0391 .01248
Damp
@ 1 Sec . 00889 .02382 r . 02982 . 058259 .0146
Signal
Coil () 1842.7 1850, 3 1870.5- 1823.3 1882. 1
Mean
G 181, 44 176.6 184, 7 179.67 180.95
CDR
[sec 4865 4670 5135 5044 4715
DRX
/sec 5107 4820 5670 5382 4856
Calib
Coil § 24,28 24,13 24,68 24,04 25,84
Weight 2 grm 2 grm 2 grm 3 grm 3 grm
Deflection
Ratio .998 1.000 1.005 1.000 1.000
Voltage
@2.01 K 17.673 17.873 17.323 27.947 27.05
el 2.24 2,21 2.285 2.11663 2.188
Calib.
Res. {) 6600 6500 6730 62.8 K 63.44 K




Position Period Total 15 Gram Computed Total Delta

S/N to Center Seconds Weight Current Bt K R
03 +,045 1,12 543 .8162 180.2 17.43 5.36
. 000 1.14 545 .81956 179.5 16.88 4,81
-. 045 1.12 547 .8180 179.8 -~ 17.55 5.48
04 +.055 1,23 542.2 . 8357 176.0 14,42 2.35
-.010 1.14 544 .2 . 8350 176.2 16.85 4,78
-.060 1.08 546.2 .8332 176.5 18.85 6.78
05 +.060 1.14 543, 1 . 7964 184.7 16.81 .74
+.005 1.26 545.1 . 7953 185.0 13.79 1.72
- -.050 1.18 547, 1 . 71998 183.9 15,79 72
06 +.062 1.16 540.8 .8190 179.6 16.17 4,10
-.008 1.49 542.8 .8151 180.5 9.84 -2.13
-.073 1.17 544, 8 . 8245 178.4 16.01 3.94
07 +.050 1.15 553 .8178 179.9 16.83 4,76
+.005 1.17 555 .8121 181.1 16.31 4.24
-. 045 1.18 557 .8125 181.0 16.10 4,03

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/cm

Table 2.2 - 2

o8ed
LEZ-dDD
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S/N

------- ABOVE mecewncene - CENTER - mmcmmrmncccacnccmne BELOW -cmemccccmc e e
Date . 075 . 050 .025 .000 .010 ,020 .030 . 040 .05
03 Period .78 .85 .96 1,18 1.32 1.52 1.85 1.90
10-18-67 Volts 52.23 51.99 51,79 51,65 51.61 51.58 51,568 51,563
G 170.8 171.6 172.3 172.7 172.8 172.9 173.0 173.0
04 Period .79 .90 1.05 1,37 1.47 1.70
10-16-67 Volts 51,45 51.25 51,12 51.09 51.04 51,03
el 173.1 173.8 174.3 174.4 174,5 174.5%
05 Period .83 .95 1.28 1.80
3-5-68 Volts 50.31 50,11 49,98 49,96
el 177.4 178.1 178.5 178.6 S
06 Period .87 1.02 1.54 /
5-14-68 Volts 49, 86 49,68 49,63 49,61
E nGH 178.2 178.8 179.0
07 Period 67 .72 .82 .97 1.05 1.12 1.21 1.37 1.50
'5-28-68 Volts 51.20 50.88 50.63 50.45 50, 39 50, 36 50, 35 50. 30 50.28
NGt 177.4 178.5 179.4 180.1 180.3 180.4 180.4 180.6 180.7
T-13044 Test Data
v Qn
&)
Table 2.2 - 3 (Sheet 1 of 2) = Q
N
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~
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"

N Test Procedure Data = - b Review Data
S/N Date Proc. No. Temp. Travel Mass Float Period Damp,
Inches Grams Vqltage Seconc{s Ratio
03 5-8-69 WO/0S Room 0.241 544, 4 53.38 - 1.160 . 0035
7-7-69 2338815C 50°C 53.43 0.980 . 0060
04 2-16-69 | 2338810 | 50°C | 51.77 0. 78 . 004
6-6-69 |  WO/0S Room 0.243 542.5 52. 86 1.110 |  .0031
11-14-69 | 233815C 50°C 53.66 :  0.805 ! . 0030
05 2-15-69 WO/08 Room 0.240 543.1 .50. 68 0.900 - . 0028
2-21-69 ! 2338815 Room 50.49 0.905 . 0028
2-25-69 2338815 50°C | 50. 65 0.955 . 0045
06 3-18-69 | 2338810 50°C | 50. 30 0. 850 . 0036
4-16-69 | WO/0S Room . 0.241 541.5 51.00 1.310 . 0049
1 i 5-20-69 | 23388158 50°C b s1.25 . 0.990 . 0057 |
07 | 1-24-69 2338810 50°C 51.20 0.755 . 0029
2-26-69 WO/0s Room 0.240 553.7 | 51.02 0.935 . 0023
3-21-69 2338815 50°C i 51.02 0.715 . 0025
WO/OS - Work Order Operations Sheet (Rework) =
* - Record not Available use T.P. Data
S/N 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 1.99 K Resistor
(2) For WO/0OS Float Voltage is Measured Across 2. 01 K Resistor
(3) For WO/OS Float Test, mass is at mechanical center position
TABLE 2,2-3 (Sheet 2 of 2)
3 a
e
BENDIX S.P. FLOAT TEST DATA B
I
o
o 3
N
w
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In the process of updating the Level B Spare Short Period Seis-

‘mometer it was required to perform a T-13044 and T-13081 test to

determine the characteristics of the unit Before rework. The results of

these tests are shown 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 measurement of "G" at . 075 above center.

After replacing tension bolt the T-13081 and T-13044 tests were
répeated, 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 what was

originally recorded-at T-13081 but the T-13044 data showe neo float at , 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 mass 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 Position Period 15 Gram
Date Addition to Center Seconds Voltage " Current nGn
TO030 0 +.041 .73 1.728 . 8644 170.1
05-01-70 +2 gm . 000 1.005 1.731 . 8659 169.8
+4 gm -.052 1,110 1.730 - .8654 169.9
Replaced Bolt
0 +,036 .73 1.977 .9880 148.8
05-08-70 +2 gm . 000 1,008 1.975 .9870 148.9
+4 gm -, 066 1.120 1,996 .9975 147.3
Adjusted Delta Rod
0 +.025 .970 1.998 .9988 147,28
05-21-70 +2 gm -.004 . 845 2.005 1.0022 146.78
+4 gm -.030 . 840 1.990 .9948 147.86

T~-13081 Earth Spring Test

Table 2.2 - b

odedq
LE7-dDD
() Ls-M-AHASS
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Mass = o eecemeee- ABOVE =mmemmaen ~CENTER =~ mccccmccccmccme———— BELOW mem-ccmmcmmae e
553.2 gm . 075 . 050 . 025 . 000 .010 . 020 .030 . 040 . 05¢
Period . 645 .665 . 890 1.26
4-24-70 Volts 50,95 54,05 53.74 53.71
"G 178.4 168.2 169.1 1£9.2
Replaced Bolt )
Period 7.55 7.40
5-13-70 Volts 61,80 61.80 -
"G 147.1 147.1
Adjusted Delta Rods
Period .875 .925 .960 - .995 1.055 1.190 |  1.400
5-18-70 Volts 62,12 61.89 61.70 61.57 61.49 61.44 61.43
"G 146, 3 146.9 147.3 147.6 147.8 147.9 148,0
Period .89 .95 .99 1,00 1.03 1.135 1.375
5.20-70 Volts 62,01 61,84 61.66 61.49 61,42 61.36 61.31
"G 146.6 147.0 147.4 147.8 148.0 148.1 148.2

4

T -13044 Float Test Data

¢c7-dD
() L9-"T-UHASS

/
[

Table 2.2 - 7

Y30 12 o1
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&

SPrZ Délta Rod Configuration

Figure 2.2-9
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The following section of this report describes the results of an
‘analysis of SPZ rework and the SPZ suspension system.

2.3.1 Method of SPZ rework to establish the possibility of damage to the
SPZ seismometer. '

2.3.1.1 The following rework was performed by Bendix on the SN05 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.

C
¢
}
=
Sk
e
¢}

These areas of rework will be discussed in the folléwing paragraphs fr
standpoint of determining if the functional performance of the SNC5 CPZ
seismometer could have been affected by this rework,

2.3.1.2 Replacement of the 210234-3 Suspension Wire and the Teledyne 233161
Tension Bolt Assembly.

On January 10, 1969 DR-2688 was wrillen against the SNO5 Short
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 replacing 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 documented in memo SSED-100.
As a result of the investigation a new Bendix tension holt was designed and
incorporated into the SNO5 Short Period Seismometer (Reference BxA 2338790)
replacing the 233161 Teledyne Tension Bolt Assembly.

The replacement of the tension bolt assembly was accomplished by
mechanically caging the 2341609 seismometer assembly to the 233126 frame
housing with (8) eight set screws. By caging the seismometer assembly in this
‘way the tension bolt assembly was replaced without removing or changing the
adjustment of the six 233151 Delta Rods assemblies., 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 system
of the seismometer was not changed and thus the functional operation of SN05
seismometer should not have been effected.
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2.3.1.3 Replacement of two 233151 Bottom Delta Rods and the 210234-3
' Suspension Wire

The SNO5 seismometer 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
(a) P

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

The SNO5 seismometer assembly was reworked to DR 4107 which
stated that the diameter of the suspension wire was to be increased from . 005
to . 006 inches and that the two broken delta rods were to be replaced. After
this rework the SNOb5 seismometer satisfactorily passed the vibration test.

However, as a result of the rework the natural frequency and spring
constant of the SNO5 seismometer suspension system was changed., It should
be noted that these changes can be expected every time delta rods are changed

and/or adjusted. The method of determining this change will be discussed in

the following paragraphs.
2.3.1.4 Determination of Short Period Natural Period and Spring Constant

The nominal natural period of the Short Period Seismometer is 1.0
second and the mass of the 2341609 magnet 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 SNO05 seismometer. This curve
shows that the natural frequency of the SNO5 seismometer 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 much
closer to the specified period of 1 second than the Teledyne test results of 1.8
seconds. The actual weight of the SNO5 magnet assembly was 543.1 grams.
From this data, the spring constant faor the SNO5 seismometer suspension
system can be found using the following formula.

g—g—ﬁ/j‘%ﬁ Where T = Natural Period

' K = Spring Constraint
' M= Mass = W/g
"W = Weight pounds

'
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TABLE 2.3-1

Test Specification T-13044
Float Test for Short Period SN-05 Seismometer 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 ma Seconds
. 075" above 50. 310 T 25.03 .83

. 050" above 50.110 24.931 . 955
. 025" above 49,984 24.87 o 1.28
Center 49.964 . 24, 86 1.8

. 010" below

. 020" below
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Rearranging »

ZN
K= (—T—{-LB M For Complete Suspension System
(Suspension Spring Plus Delta Rods)

Solving for case when natural period is .9 second
2

2 2.2 1b/kg
K:(WC) (.543 kg)  2o2iblke

9 se 386 in sec

4 . . b/k
81 386 in sec”
K= .154 lbs/in.
SN -05 Short Period Seismometer
System Spring Rate .1540 1b/in
Suspension Spring Rate . 0667 1b/in

Combined Delta Rod Spring Rate . 0873 1b/in
Assuming equally loaded delta rod we obtain. Spring Rate for each delta rod:

.0876
6

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.

= .0146 1bs/in.

The 233132 suspension spring is made 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 SNO5 seismometer is K = . 0667 1b/in.

The combined delta rods have a spring constant equal to the difference
between the seismometer system spring rate calculated above of .154 and the
suspension spring rate of . 0667 pounds/inch. This is shown below:

System Spring Rate . 1540 1b/in
Suspension Spring Rate .0667 1b/in
Combined Delta Rod Spring Rate .0873 1b/in

The nominal design value for the spring rate of the combined delta
rods is presented in the Final Technical Report (No. 640-07-68-00571 dated
15 August 1968, page 5-17) as .06 pounds per inch.



Period
Weight Deflection Average
Grams Inches Seconds
91.5 . 039 above . 552
9393 . 035 below . 542
88.96 . 125 above . 556
91.5 . 039 above .552
91.5 . 041 above .553
K =
where

W (orng)
NIy f

M = g (lunar)
T = average pericd
K = spring rate*

Spring
Constant
K gms/czn
11.96
12.77
11.58
11.96

r

11.96

M (gm)

TZ 24.8 cm

" #Spring rate to be 11.3 1.1 gms/cm

gms/cm x 5. 600 x 10~

- Ib/in.

TABLE 2. 3-2

Spring Constant

K - Pounds/inch

. 0680

. 0715

. 0648

. 0680

. 0680

SSED-R-57 (a)

CCPr-237
Page 31

Temp.

76°F
76°F
T6°F
-50°C

+100°C

DETERMINATION OF SPRING CONSTANT K FOR SHORT PERIOD
SEISMOMETER SUSPENSION SPRING ON SN-05

Reference: Test Specification T-13059, dated 5-26-67

of 43



SSED-R-57 (a)
- . CCP-237
Sy e Page 32 of 43

H [
HE !

el

exriod -

Constant® K.

T

age P

“Spring” -

Cw .
1.4 T
B :
A mcﬁ < ey - S

[

0

Y

spension

s

ge Period. Vs Magnet Assy. s

S

+ Grams.
§
te?
era

e
154

f&_AVi;

2

4 g =
i - @
: 2 GVovong
R Q e W
8 =S
R el o e e L
MO B WG
1 ;m s i by 3w
157 .m . © C «mw m
[To BN g . e
O mw z BN oY) SRR - - P m,.
& O oo &oonm
@0 =5 b
: 5 (\ o ~ . .h.
oy H E2
R -
N ~ o o~ o0 . No) wo <t . .A ;
&~ o e o) O Ne) No) Na Na Ne3 .
CL_0f xur/qr1Y Y - jueysuo) Surads -

: £ N : , v o
o o0 B e} Rt ~f o) oL o myv et e s e N ,

. ;i;i‘O:
i o3 ny 0 n o 7s% Ty w0 oy, , , ;
S S o ! Y v ) S RO L
” Poogn oo Uy QT X sSpuoveg - potIRg s8viIdAy o 1 ! .
L L L SR e T L e ‘ﬂﬁ T e T i e et b e o it St e i Lol



SSED-R-57 (a)
J CCP-237
Page 33 of 43

2.3.2 SPZ Suspension Syétern Tolerances

A dimensional analysis was made of the Short Period Seismometer
parts to determine what effect a tolerance build up would have on the functional
operation of the instrument. '

2.3.2.1 Short Period Suspension System Description

A cross section of the Short Period Seismometer is shown in Figure
2.3-4. The seismic mass consist of the 2341609 seismometer magnet assembly
which weighs approximately 1.2 pounds., This magnet mass assembly is sup-
ported by the 233132 suspension spring and retained in position in the 233126
frame housing by six 233151 delta rod assemblies. Three on top and three on
the bottom of the magnet mass assembly. The seigsmometer is designed to
sense only vertical motion. In operation the readout is obtained through the
233141-2 coil assembly which is fixed to the 233127 top end plate and the
233128 bottom end plate and attached to the 233126 frame housing. Motion of
the lunar soil moves the frame and coll ascermbly relative to the magnet a: tornbly
gencraiing a voltage readout which is proportional to velocity., Of particular
interest in this investigation was to determine if as a result of tolerance build-
up and possible broken delta rods, that the magnet assembly could touch the
coil assembly during excitation and thus effect its performance.

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 2.3-06 and tabulated in Table 2.3-3 below.

As shown in Table 2. 3-2 there is a possibility that the 233221 coil
aczembly can e comnresced by . C17 inchec when inctzlled between the top and
bottom end plates. This compression could ""bow" the coil assembly reducing
the nominal . 030 clearance between magnet assembly and coil as shown in
Figure 2. 3-5. This compression could also crack the 233224 coil terminal
boards at the mounting post terminal board interface and contribute to a
potential failure. ‘
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TABLE 2,3-3

Possible Tolerance Build Up
_ ~ When installing 233221 Coil
- Assembly into Seismometer Assembly 2341609

1. Minimum DISTANCE between coil support rods through housing and
end plates

2.625 - Housing Min Dimension
.075 - Lower Plate Min C'Bore

.075 - Upper Plate Min C'Bore
2.775 TOTAL

2. Maximum DISTANCE between coil support rods through housing and
end plates

2.627 - Housing Max Dimension
.077 - Lower Plate Max C'Bore
. 077 - Upper Plate Max C'Bore

DO EAV Y
e QL ER

3. From Coil Assembly overall height of Coil Assembly, - 2.785 +.007

Max Dimension = 2.792 inches
Min Dimension = 2.778 inches

2.792 ~ Coil Max
2.775 - Housing Min
0.017 inches

4, Interference I'it

2.781 - Housing Max
2.778 - Coil Min
0.003 inches

5. Loose Fit
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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 bottom, reference Figures
2.3-7T and 2.3-8, are used to restrain lateral movement of the seismic mass
in the short period seismometer during normal operation. Delta rod assembly
233151, is dimensioned as to allow a tolerance build-up to occur in assembly
causing the condition illustrated in Figure 2.3-9. As can be seen in this fig-
ure, the delta rod retaining set screws engage the delta rod end pieces in the
transition area between the circular ¢ross section and the "swaged'' square
cross section. The tolerance build up during delta rod assembly allows the
overall distance "free from swage'' to vary from 1.663/1.761. However, in
order for the set screws to engage the circular cross-section at all times,
this dimension must be at least 1.794 inches. It should be further noted that
under the present conditions of dimensioning, it is not possible to have hoth set
screws engaging the end pieces in the circular cross section area at the same
time. This means that when the set screws are tightened it is possible to have
the following unsatisfactory conditions occur.

(a) The tightening of the delta rod retaining set screw on the transi-

(b) The tightening of the set screw could introduce a torsional move-
ment in the end piece, thus placing the .005 diameter wire in

torsion.

Considering the above facts it is unfortunate that a multipesiticn float
test was not run on the SNO5 Seismometer after rework. 7The analytis and
recent laboratory tests have brought out that the present short pericd seismometer
assembly procedures do not control the tension loads in the delta rods during
installation and as a result there is no way of determining whether the combined
spring force is equally divided between the six delta rods. This conditicn aff
the damping characteristics of the system and restrains the seicmometer marcs,
so that it will not function properly when it is displaced below the center position.
The over stressing of one or more delta rods in the system also puts the seis-
mometer into a potential failure mode,which could result in broken delta rods
during launch vibration and,thus,later affect the functional operation of the

seismometer on the lunar surface. :

4
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Bottom View - Short Period Seismometer
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3.0 SUMMARY OF RESULTS
The investigation and study of the SNO5 Short Peri_od Seismometer
anornalie has revealed the following facts:

1. There is inadequate test data available after the Bendix rework

to SNO05 to predict the total operation of the Short Period Seismon.~fer,
2. t - zont laboratory tests reveal that delta rod misalignment

and inadequately controlled installation parameters could be causing

the "stiff' operation of the SN05 Short Period Sensor on the lunar
surface. There is also a strong indication ‘that the ''delta" portion of the
rod is too long, which regsults in an excessive stifiness in each of the

celta rodso. p

3. ‘. tizaticns have not found any data to suprort the
conclusion that there are one or more broken delta rods on the SNO5
Short Period Seismometer.

4,0 CONCLUSIONS AND RECOMMENDATIONS

It is apparent from the recent laboratory tests that the delta rod adjustment
is critical to the proper operation of the seismometer and proper adjustment is
shown in T-13081 earth spring test by a period deviation of less than + 5% at the
positions of center, . 050 above and . 050 below., FProper seismometc
is also shown at T-13044 lunar configuration float test when it is possible to
float the mass from . 075 above to . 050 below center. A full range float
test should be possible if the delta rods are properly adjusted and the "G"
measurement at earth spring test shows less than + 1% deviation.

:_};
T

O
N

N
e CLea Uil

Tc analysis also indicates that a further study of the delta rod construction
and detailed assembly procedures should be made to insure the repeatability of
the assembly and performance of the short period seismometers.

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 replaced. This will ensure that an overstressed delta rod does not
remain in the system and introduce a potential failure mode.

It is also recommended that a change be made to the T-13081 test procedure
to limit the tolerance allowed between period measurements as well as a change
to T-13044 procedure to require a full range float test.

It is further recommended that sensors SN03 and SN04 be subjected to a
complete T-13044 float test procedure as a minimum, pending further
investigation of delta rod problems.
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1.0 INTRODUCTION

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 r

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 _thé output of the SPZ
71 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 identify 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 LLSB, 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 LLSB 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; and T, may vary by 20% over
a one minute interval, and over a 6:1 range for a several hour interval. The
~smallest value of T; or T, 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 minute (i.e., T; = T, = 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 midfregion.

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 LLP channels with approx-
imately equal amplitudes, when all channel attenuators are set to 0 db.

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 LLP 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 I.SB 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 following conclusions can be drawn from the data presented

in Table 1:
(é) The pulses originate in the SP sensor unit rather than in the
CSE.
* (b) The SP pulses are coupled into the LLP 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 "A" in Figure 8.
Recorded
7 P-P Pulse Amplitude
GMT Channel Gain, db per Channel, mv
Interval - Time Interval LP LP SP LP LP SP
Number From To X,Y Z Z X, Y Z Z Result
1 1600 1605 0 0 0 20 20 20 Nominal gain settings
2 1605 1607 0 0 -10 15 15 5 Lower -SP gain reduce
pulse amplitude all
channels
3 1607 1611 0 0 -20 10 10 5 Same as above
4 1611 1615 0 0 -30 5 5 5 Same as above
5 1615 1655 0 0 0 20 20 20 Nominal gain settings
6 1655 1700 0 -10 0 20 10 20 Lower LPZ gain re-
duces pulse only on
LPZ
7 1700 1703 0 -20 0 20 5 20 Same as above
8 1703 1707 0 -30 0 20 5 20 Same as above

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

Coupling into the LLP 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 LLP attenuator and post amp input signal
lines in the CSE unit as indicated by points ""B'' and ""C" in
Figure 9.
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{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 LLP attenuator and post amp input points
"B'" and "C'" in Figure 9 (see PWB assembly drawings 234520
and 234615-1, -2).

2.2.3 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 to be correlated with PSE sensor
temperature. This conclusion was based upon complete data intervals for the
first and second lunations and incomplete data for the third and fourth lunations.

Since the Interim Report, complete SP 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
temperature 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 dur ing the first lunation between lunar
noon and sunset, and also during the first lunar night at 570 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 temperat ure. r

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.

PSE Sensor Temperature

Lunation No. SP Pulse Start Time Gradient (°F /24 hrs)
1 , 12-01-69 €900 GMT -4.10
12-12 1200 unknown, off scale low, lunar night
12-16 2100 unknown, off scale low, lunar night
2 12-18 1200 unknown, off scale low, sunrise
12-27 1140 +1.70
1-05-70 1520 -5.25
3 1-23 1648 +6.50
1-25 0550 +3.07
4 2-16 0920 -1.05
- 2-23 1440 +2.88
3-2 2200 -1.01
5 - 3-18 0000 -1.05
3—25. 1600 +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 a%gle = 100°) with sensor temperature
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.

4
Due to the close correlationbetween 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.
The preamp output is connected via the ribbon cable to the SP attenuator stage
input in the CSk. 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 LLP 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 puls es are introduced into the
LP channels on the LP attenuator and post amp input lines (AR1, schematic
234616 and assembly 234615-1, -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 ARZ2 output point and all of the LP
attenuator and ARI input lines. :

f
3.3 Pulse Cause and Correlation with PSE Sensor Temperature

The data of Figures 3 through 7 and Table 2 shows that a necessary
(but not sufficient) condition for SP pulse activity is the existence of a PSE
sensor temperature gradient with an absolute value exceeding 1. 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.

Predicted SP Pulse

Lunation Activity Initiation Time
Date Time, GMT

7 5-16-70 0030

‘ 5-23 0600

8 6-14 1130

6-21 1700

9 7-13 2200

7-21 0400
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4.0 - CONCLUSIONS AND RECOMMENDATIONS

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 thermal 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 LLP scientific data, then it is recommended
that test measurements be performed upon the combined PSE and CSE units

" under simulated lunar environmental conditions. 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 10 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 LP channels circuits in the CSE unit.
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1.0 INTRODUCTION

The long period vertical (LPZ) seismcmeter exhibited an excessively
16ng period, to the point of instability with the filter in, whereas horizontal
periods (X and Y) 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 l.itz wires

b) Variation in the upper support &r 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: (1) Engineering model seismometer must be made operable
prior to conducting such tests.

(2) As an option, SN0Z may be made available for engineering
tests.
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2.2 ANALYSIS

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

2.2.1 A test was conducted in whichreadir;z of the LPZ period were ob-
tained in the filter-in condition with the IL.itz 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
boom assembly is still within the normal expected time scale.

7
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 Flexures straight, the ang]_e1 between AE and CD zero.
Results:

A stable condition, while the LLPZ 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 1, and installed in the LLPZ. The angle remained zero.

1. Refer to Figure 2 for definition of angle.
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Results:

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.% 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.

_ 7

2.2.4.5 The flexure was changed from shape (a) to shape (b) and tests run
for various h values (0-0.060). Te~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 bend in the flexure.

Table 1 - Flexure Bend Configuration

Item Shape
a /\-——_—-é—
4

i
h
-

b \\___

The results show that 2 out of 4 sets of flexui'es, 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 maximum 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.
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3.0 CONCLUSIONS:

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 uncaged 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 systern 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 assembly 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 &nd 11.

The point which must now be resolved is the relationship between the
preceding experimental work and the particular anomaly associated with SNO5.
At this time it is appropriate to refer to Figure 12 which represents a photo-
graph taken of the SNO5 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 straighﬁ, The flexures also
appear to remain straight after vibration. However, if the flexures are

1~

T 3 3 K £2 Sorn % + ~ amm Y o ety meale
straight and are installed in & tilted configuration in the assembly, any sub-

sequent vibration and/or caging and uncaging causes the flexures to bend.

One possible hypothesis is to assume the flexures were tilted when the
SNO5 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 performance of Test Procedure
2338815 after the last period check. By examining Figure 12 which is a
photograph of SNO5 post vibration conditions, the flexures appear to be bent.

" The mounting angle measures 2-1/2 degrees. Since the flexures were not

removed from SNO5 after vibration, these bent flexures remained in SNO5.
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. ‘ '

AR
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RECOMMENDATIONS ’

As a result of this study and laboratory tests, the following recommenda-

tions are made to assure that ILPZ flexure geometry is correct.

1. A caution note will be put into the WOOS for the assembly of
the LLPPZ. This note will require that in the process of assembly,
extreme care should be taken to see that the flexures are flat

and the angle formed by the flexure in the flexure clamps 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 flexure clamp AB or CD as

'shown in Figure 2.

2. Engineering will examine this suspension point after assembly
with a critical review of the caution notes.

© 3. Hardware changes are not recommended as a result of completion

of this study.
REFERENCES

(1} Interim Report, SSED-R-57 (c) dated 21 April 1970
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Figure 2

Flexure »Shapes - LPZ Boom

Flexure

e

Z~~ Z-Boom

—~-—-~ Thermal Compensator Bar

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

. v - | 4 i Z-Boom

Thermal Compensator Bar

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

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 +108°F to
+1440F, rather the temperature reference DL.-07, indicated excursions of
-75°F (lunar night) to +143°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

2.1.2 Coordinate electrical engineering effort with concurrent thermal de~
sign group activity.

2.1.3 Analyze incorporating additional heater or a replacement heater that
will enable experiment power to increase by 2.5 to 3.0 w.

2.1.4 Make recommendations regarding circuit changes and method of im-
plementation of design change.

2.1.5 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, was
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 modification 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
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=y Figure 1.0) are given in Figure 4.0. These curves indicate the maximum

‘ power in "auto" is available at 80% duty cycle, and the minimum controllable

power is at 4%. Below 4%, supply current drops to 1.5 ma and heater power
is essentially, zero, giving a heater "off' condition in the Y"auto' mode, to
supplement that given by command.

This change has been implemented by replacing the transistors at
Q18, and Q] with ones of higher ratings, reactivating the current regulator
circuit (and increasing its capacity), and changing the values of the heater
elements and capacitor C24. .

Figures 6,0 and 7.0 show the modification to the "W" board and the
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 Qjg and Q] have been changed from Type 2N2222A to
2N3499's (See Table =& for specifications). This resulted in a larger za-¢
size as well as a higher current capacity. An additional 2N2102 transistor
Qp5, has been added to the current regulator to increase its current capability.
To provide for better load distribution on Q24 and Q25 separate emitter 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 2903:2 to 104.5 Q . To compensate for the change in time constant
in the decoupling circuit (Hj and C24) anadditional 47 mid has been paralleled
with C,, for a new value of 94 mid.

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 optimum results.
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2.2.3  Calculations

2.2.3.1 - Transistor Q18 Power Dissipation

For the Q)8 power dissipation calculations it was assumed that
Q18 acted as a ''perfect" switch. Current flowed only when Q18 was "ON",
Negligible current flowed when Qg was "OFF".

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

The current during the '"ON" fime of Q1g was

IoN = Imeasured /Duty Cycle

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

PonN = ION VCE (ON)
Then the average power dissipation of transistor Q;g was

Pavg = Pon - (Duty Cycle)

ION + VCE(ON) - (Duty Cycle) .

Imeas/(Duty Cycle) Vcg(on) (Puty Cycle)

il

Imeasured VCE(ON)

2.2.3.2 Transistors Qp4 and Q25 Power Dissipation

The emitter resistors of Q4 and Qp5, R3g9 and R38, were meas-
ured. The resistors were each 6.0 ohms. During the test, the potential
across each resistor, R39 and R38, was measured with a digital voltmeter.
The currents through R3g9 and R38, and thus through Q24 and Q25, respec-
tively, were calculated by

1=E/R

The potential at the common collectors of Q,4 and Q,¢ 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 Qo4 and Qo5 were taken as the difference between
the DC level and the drops across R3g and R38.

Then, the power dissipation was

P=1 VCE_
for each transistor.
2.2.3.3. Duty Cycle

The rectangular waveform at the collector of Q;g was displayed
on a CRO. The pulse repectition time, PRT, and the pulse width, PV/, during
the "OIN!" time of Q;g 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 elements. Designating the resistances of the heater
elements as Ryy] and Rygp, the power dissipated in the heater elements was

Py = 12 (Ryy; + Rp2)
2.2.3.5 Survival Power Calculation

In the survival mode of operation a 29OQ _—th% 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 '""Manual Mode" of operation, Heater
Power is calculated as: '

- 2 ] v 2 EZ-
*—‘E I - ’ B i \ Ao
PHeater 29v "AVE IAVE; {290“?‘ {IAVE% RHeateh —=20 7
Circuit-Survival { P I ;' Elem. R3g
2
—-R%—? T Eqaq I0,, T EQzs Igps

(where ER3g, Er3g, EqQz4> and Eqps 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 was used for a given value of duty cycle:

- = 12 - .
Piircuit = E29v X Lyye 7 Iave (R'heaters) FEQI8 Iave T E024 IQ24 ave

power
2 2
+ Eqps 1 + E&SLS‘+ER_—39+P
EQZS Q25 ave R38 _ﬁ'39 Liumped + PTest Fixture
Losses losses

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

. . r . .
To separate circuit power from fixture power, the above equation

was solved for Pregt Fixture Losses 28
Prest Fixture = Feircuit - (PLumped +Plcaters + Pnig t P24 + Poos
Losses power :
Pr3g * Pr39g)

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, the 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
520C.

Calculation:

Maximum transistor dissipation at 250C:
Ppyg = 5 watts

Derating factor for temperature:
Dp = 28.6 mwkoc

Derating factor for vacuum

Dy =0.5
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Maximum allowed dissipation derated for operating environment:
Pp = (Ppzs - Dy T) Dy

5W - (28.6 mW/°C) (52°C - 259C) 0.5

1

2.1 watts.

2.2.4 Test Descripticn

The circuit parameters were measured in the lab using an engineer-
ing model of the PSE. The test configuration is shown in Figure 8. Heater
elements were simulated by using two wire 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 valve, the following measurements

were made (Table 2):
a, Current from 29 volt supply
b. Potentials at the collector f:tnd ern(itter of 013
c. Potentials acrossX 38 and R39
d. Temperatures of {119 and Q?A
e. Duty cycle
f. AR3 output (thermal 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 determine 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 Q54 and QZS'
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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 Q_ , case parallels the dissipation curve of both transistors, indicating
the rezlatlonship 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 ng (Figure 12) shows a
smaller variation with duty cycle and a lower maximum dissipation.

The difference between the ‘'corrected power'" curve and the '""Heater
Power + Qg + Qy4 + Q5" curve (Figure 10) is the dissipation attributed to the
rest of the PSE heater circuit componentd shown in Figure 3. The difference
between the "Nominal Measured Circuit Power' and the'Corrected Power"
plotted in Figure 13, is believed to be a reactive ef.fect due to C,, 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 Qg.

The peak in the power curve in Figure 13 indicates resonance in the

AC leoop, also illustrated in that figure. It was calculated that rescnance would
occur at a duty cycle of 21.2% if the 30 ohm '"heater element' had an inductance
of about 14 Henry. The inductance of the 30 ohm "heater element' was found
by measurement with a bridge to be 1.5« H.

Because of the inductance in the resistors used to simulate the heater
elements, the selection of resistors R3g and R39 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 le collector drcuit.

Condparison 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 Coy has allowed the retaining of its
decoupling function by compensating for the change in heater element resistance.
Tests indicate the anlplltude of the ripple is larger, but the waveforms are
unchanged. :

Power data taken on Q and Q transistors indicate a better
division of power with the addition of the emitter re51st0r R38 than could be
expected with a single emitter resistor.

The measured power indicated in Table 1 as 5.52 watts and corrected
o 5.321 was the result of setting the desired power in the '""auto mode''. This
method of setting desired maximum power has been modified for the reasons

previously discussed.
r

4.0 CONCLUSIONNS AND RECOi\/iME NDATIONS

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

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

.................... now composed of four separate elements

should be replaced by two of the appropriate size, andlocated

in the position of the present 145 ohm heaters in other sensors.

N
3
=y
$]
oy
D
v
-
D
!
%
3
D
3
-y
o

3. Allow a wider tolerance for readings in tééiing the "W'" board

in the ""auto mode' to allow for test fixtur’e, reactive effects.
*. ‘:

4. Set the desired maximum power level in the ”Mfslnual On” ‘mode
in the in-process test in the "W'" board. iy

5., Evaluate the thermal stability of transistors Q 18 QZ4’ and Q
This should be done for the worséd case condition of the "Manua
On'. and using 29 volt power as the source.

6. Present limits 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' case dissipation. Higher efficiency
in current operation could result if more of the Heat were supplied
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 uniform 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.

of Apollo 12 Anomalies.



"On Misc.
Time Heater Lumped
L.owcst C.u'cuxt Circuit{ Element ng QZ4 er’ R%S R‘S‘) Powcx: Cor- i 'Ii'est
Freq. Current {| Power | Power (R,,,CR_,|{ rected I Fixture
. Power Power Power Power | Power 36" 75 . o
Comp- | Duty I I x 29V I& ‘R I xV I xV I‘ %V 2 2 ‘e, C,Rg, Total AR3 ‘ Power.
onent Cycle S ¥ c” 'CEj‘C CE C CE] E7/R E"/R ete, ) Power Output: lLoss
(Kiiz ) (") (mA) {Watts)| {Watts) (mwW) (mW) {(mWw) (mW) (mWw) (mWw) (Watts) (mV) (Watts)
3 78.8 190 5.52 3,74 190 580 620 56 48 87 5.321 3 Y 0,199
69.8 185 5.36 3.54 185 « | 490 520 54 47 87 4.G23 21 E 0,237
5.55 54.0 178 5.16 3,29 178 380 410 1 50 44 87 4,439 41 ; 0.721
7.15 42.5 172 4,99 3. 06 2.58 210 210 45 41 87 3.911 56 1.079
33.9 163 4.73 2.75 244 120 120 39 36 ; 87 3. 396 73 1.334
H
11. 065 27.2 140 4. 06 2.03 252 38 89 28 27 3 87 2. 601 87 1.459
15,85 21,2 115 3.34 1.37 23 71 71 19 18 87 1.659 102 1. 681
17.5 99 2. 87 1.02 238 65 64 14 15 87 1.503 117 1, 367
25.0 12,1 82 2. 38 G. 696 252 22 22 9.4 9.5 87 1.097 135 1.283
!
10.6 68 1.97 0.478 282 17 16 6.7 7.0 87 0.894 150 3 1.076
]
33.3 9.1 59 1.71 0. 360 248 18 18 4.9 4.9 87 0.741 | 165 ¢ 0,969
7.6 50 1.45 0.258 215 14 14 3.6 3.7 87 0.595 ¢ 180 0. 855
50.0 6.1 40 1.156 0.165 212 12 11 2,2 2.3 87 0.492 200 ;0,668
5.5 37 1.07 0.142 196 11 11 2.1 2.1 87 0.451 ‘ 208 i 0.619
4.6 34 0. 985 0.110 194 11 11 1.6 1.6 87 0.416 209 0.569
4.2 32 0.928 0.1006 182 11 I1 ;, 1.4 1.5 87 0. 400 215 0, 528
83.3 3.6 30 0. 870 0. 094 165 14 14 1.4 1.4 87 0. 347 220 0.523
! .
0 1.4 0.0406¢ 0.0002 - 0.8 0.7 ;' 0. 004 0.0041'; - eeeea 222 | eeeea

Table 1 - SUMMARY OF POWER DISTRIBUTION IN THE HEATER CIRCUIT
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MEASURED

CALCULATED

%ARS [(f;tcyle 29v Collector Collector Emitter

Out- (PW/PRT | Supply Potential Potential Temperature Potential Current

put x 100) | Current| Q.  (Volts)] Q,,,Q,  (Volts) ) (mV) (mA)

(mV) (%) {mA) Min. | Max, | Avg. PK-PK| Q, Q,, Q,, Q| Qy Q,.

3 78.8 190 8 15.5 7 v oo0.2 37.4 55, 4 539 581 90 97

21 9.8 185 7 15 6 0.3 37.5 53.9 532 569 89 95

11 54,6 178 6 14 5 0.4 37.9 49.5 516 550 | 86 92
{36 42.5 172 4.5 1 16 3 0.4 38.8 44,3 498 518 | 83 86
: 73 13,9 163 3.5 | 17 2 0. 4 40. 6 36. 8 465 48] 78 80
s

87 27.2 140 3.5 1 18.5 1.7 0.04 40.6 33,0 405 412 68 69
02 21,2 115 1.8 20 1.6 0.02 40.6 31.5 335 336 56 56
3117 7.5 99 4 ‘ 22 1.6 0.04 41.1 30. 6 297 293 50 49
1135 12.1 >82. 4 22 0.8 0.03 40.9 30,2 239 238 | 40 40

150 10,6 68 5 25 0.7 40.7 29.7 204 200 34 33

165 9.1 59 5 25 0.8 39.9 29.2 171 171 29 29

180 7.6 50 5 25.5 0.7 - 39.5 29.0 149 147 1t 25 25

200 6.1 40 6 26 0.7 38.3 28.6 118 116 19.6 19,3
208 5.5 37 6 26 0.7 37.5 i8.4 113 111 18.8 18.5
%‘209 4.6 34 6.5 | 26.2 0.8 cea 36.5 28.2 99 98 16.5 16,3 ;
215 4.2 32 6.5 | 26.5 0.8 S 36, 4 28,2 94 91 15. 6 15 i
gzao 3.6 30 6.5 | 26.5 1.0 ce-a 30,2 21.7 92 90 15.3 15 !
izzz 0.0 1.4 29 29 1.0 ———- 27.5 26.9 4.8 4, 0.8 0.7 f
L i

| Fable's -‘SUAXMA‘RY TERS

9¢ jocl a3ed

LeZ-dDD

”j(p) Ls-9-{dSsS



MODIFIED CIRCUIT ,ORIG'INAL CIRCUIT
OPERATING WITH CPERATING WITH OPERATING OPERATING
29 VOLT SUPPLY SURVIVAL POWER WITH WITH
29 VOLT SURVIVAL
SUPPLY POWER
j
j ‘ ? x '
. Total Q Q Total Q j Q.. Total Total
Circuit 24 25 } Circuit 24 25 ; Circuit Circuit
- ;
| 5.57 0.790 0.790 | 0.628 0. 046 0.046 ~ 2.9 0.725
L ' | -

Table 3 - MANUAL MODE POWER DISSIPATION -- WATTS

9¢ j091 a3ed

LEZ-dDD
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Item 2N2222A 2N3499 2N2102 (Note 4)

Power (mW) 500 1000 5000 (Note 5)
Ic (ma) 500 500 -

BV cBO Max (Vdc) 75 100 120

B r

VEEO Max (Vde) 50 100 65

BVEBO Max (Vde) 6 6 7

hp Max 100-300 100-300 10-120

I, Max (ma) 150 150 1A

VCE {sat) Vdc) 0. 4 0.6 0.5

f (MHz) 250 (ft) 150 (ft) 120 (ft)

hie ———— 1.5 ————
JEDEC Outline TO-18 TO-5 TO-5
MIL.-S-19500 255 366

(Note 2) (Note 3)
hFE 50-60 40 40

—t
.

S 2 BT O CC R ¥

Table 4 - TRANSISTOR SPECIFICATIONS (Notes 1 and 4)

Dissipation at Case Temperature up to ZSOC.

Acceptable Parts List, February 13, 1970, BSR 2857, P53,
Specification Sheet for 2N2222A, Motorola Semiconductor Products
Motorola Semiconductor Data Book, Page 8-161, 2nd Edition
Specification Sheet for 2N2102, 2N1613, Radio Corp. of America
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TEST POINT B - T3 SECONDARY

Minimum
Duty
Cycle

Original Circuit 5 volts/cm Modified Circuit
100 usec/cm

Maximum
Duty
Cycle

Time -@— Time -

Figure 14.0
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TEST POINTS C AND D

Minimum
Duty
Cycle

2 volts/cm
Original Circuit 100 usec/cm Modified Circuit

Maximum
Duty
Cycle
In Each Photograph- Note: Center and bottom
Top Waveform: Test Point C reticle lines are
Bottom Waveform: Test Point D V = 0 reference for

Respective traces.

Figure 15.0
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TEST POINTS C AND D RISE AND FALL TIMES

Minimum
Duty
Cycle

Test Point D

Test Point C

Original Circuit 2 v/cm
10 .« sec/cm

Maximum
Duty
Cycle
Test Point D

Test Point C

Time ww—

Figure 16.0

Modified Circuit

Time -a—
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TEST POINT E- le‘ COLLECTOR

Minimum
Duty
Cycle

10 volts/cm Modified Circuit

Original Circuit
100 i«sec/cm

Maximum
Duty
Cycle

Time @— Time «g—

NOTE: Unbroken trace
V = 0 Reference

Figure 17.0
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MEASUREMENT OF Vcg
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Minimum
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Original Circuit Modified Circuit
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100 sec/cm 100 :- sec/cm
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Duty
Cycle

Time -

Figure 18.0
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d TEST POINT F - RIPPLE VOLTAGE ACROSS Cp4

g Original Circuit
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TOP: Minimum Duty Cycle
BOTTOM: Maximum Duty Cycle
SCOPE SETTINGS:
Modified Circuit 200 mV/cm

100 i sec/cm
i

Time «—a—

Figure 19.0
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1.0 INTRODUCTION

This task has been performed to determine the magnitude of the
forces exerted by the electronic cable assembly on the PSE, and to determine
the contributions of the skirt to the noise anamoly observed at terminator

crossing.
2.0 DISCUSSION

2 1 Statement of Work

The {ollowing statement of work ic taken from the MCP originally
prepared for this anom.aly stucy.
r
2.1.1 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.

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

2.1.4 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 recommendations 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 931/1.115-70/7T94, 20 February '70, Attachment 1, para 5.0, Noise
at Terminator Crossing.

2.1, 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.



SSED-R-57 (e)
CCP-237
Page 5 of 13

A tripod ié statically determinate, which means that the forces of the
- 'ground on-the three legs could change only by a shift in the center of

’ grav1ty of the PSE assembly.

- Both the thermal shroud and the electronic Cdble 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 minimize 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 exefted 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 Electrénic Cable Assy. On PSE.
Two possibilities are presented: 1) a moment 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
cu pl

where Wcu = weight of copper in cable

Wpl = weight of plastic in cable



1b

W = 30X .002 x.025x. 32 —%
cu n

w .2 Ib 1t 2 .
pl = 27 2 X Taa inz x 1. 65 in.
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. 000 48 1b/in.

. 000846

W =.001326 1b/in

Weigh‘c of P-30 cable per inch = (. 024/, 010) (.001326) = ,00318

‘., Unit cable weight = ,001326 + .00318 = . 00451 1b/in.

a) M = 4T = moment of force exerted by cable about point X:

’

I

+

-~ Sketch A

Force vector = T
of cable

T T
T A,

[

. o .
Assume cable hangs in catenary making an angle of 60 with the

horizontal at a moment arm of 4 inches.

Let 1, = length of cable

See sketch A.
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T - T
x O :

. Yo = \/;’5— and T‘fr" = V—-——3 | \/g {\ \2

L 1 , B 2 L_éOd‘\
L - ,00318 .E’— x L in,

y in
b) T= - Ty = 1 x.00318 'x L = ,00367 L
V3 . 866

Determine threshold moment as function of threshold rotation:

)
P

o’ \'J.

4,1875

—— = Z

) |B} ‘ :
8. 375“—%‘P
-1
0 = arctan Z = arctan .1 = tan .0239 = .,024 radians
4,1875 4,1875

M =8.375P = 8,375 p (4.5) = 8.375 (3x.11)(4.5) 11.3

c) K= M - 11.3
0 . 024
Threshold rotation is 5 x 10-8 radians

= 470 1b.~in/radian

Therefore threshold moment is.

d) M=KO0=470x5x10"% =2.35x 10> 1b.-in

From eqs a, b, and d:
4(.003675 1) =2.35x107°
e) L = 2. 35

2.35 % 1 =.0016 in.
4 367.5



I = 1 -
cu S bh7 = 1 355 002) (L025)° = . 77.9 x 10

(EDFEp = 70,000 (
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2.2.1.2 Eqg. e assumes no change in cable curvature. However, because
the cable has a finite bending stiffness, a change in curvature does produce
a moment on the instrument. The following calculations determine the

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

value of Eq. d.

Determine bending stiffness of cable:

3 9

12 12

where: Icy = Moment of Inertia of copper
7

(ED)ey = 17x10°x77.9x107% = 1.323 1b - in?

E = Modulus of Elasticity of Copper

cu

L) 1.65 [ (.006)° - (- 002)° ]

Moment of Inertia of FEP plastic

where: Ippp ~
Ergpp = Modulus of Elasticity of FEP plastic
= 2.%x103

*EDaytar = 550,000 (. Loy 165y [ (o1 -(006)° ] = . 0591
=59 x 1073 _
where I Mylar = Moment of Inertia of Mylar

E Mylar = Modulus of Elasticity of Mylar
negligible '

_ | P
FEP & (EI)Mylar = 61l x 1077 L4

f) EI=(EI/;

cu t(ED

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

their effective EI yields:

- / V3
EI= |1+ [ 024 | |x 61 x 1073
{ 4

)

}L \.010} |

* Type A Mylar (E= 55 x 106 psi)
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3 .

(1+413.8)x61x10"

14.8 (61) x 10°°

.904 1b —in2

i

g) I 1 —_— 1 = M

Rfinal Rinitial

R = Radius of curvature p

For initially flat cable, Ry, = ©< . From eqs g, f and 4,

1 -5
. 904 S - 0 = 2.35x10
R final |
}1) E I{f = ,904 3 - 38’ 500 itfi.
. 0235 x 107
2.2.2 Determine Influence of PSE Skirt Using Griffin'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 in2
t P t
W = Weight = 2736.74 x [.002 (.076) + . 0055 (.05)}
® teflon mylar

W = 2736.74x |.000152 + .000275J

i) W = 1.168 1b.
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2.2.2.2 Calculate change in weight supported by one point on ring to

produce threshold moment.

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

AW x (5.375) = 2,35 x 107>
AW = .437 x 107° 1b.
N M x100 = =237 9073 - 000375%

A 1.168
is the percentage of shroud weight needed to cause detectable

instrument rotation. p

3.0 SUMMARY OF RESULTS

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

i.e. 4 in. moment arm and 60o 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 tc‘)'

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 compensate 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 1. However, equation j shows that if the change in
weight supported by one of the ring tie lineé 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
c:a.ble 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 minimize 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-

ﬁguratioh (Ref. SSED-436) and the labyrinth configuration, Figure 2.

5.0 REFERENCES

Interim Report, Investigation of PSE Anomalies, Apollo 12
Mission, SSED-R-57 (e). '

Apollo 12 PSS Anomalies, SSE/D-P—lOS? (a), J. Lewko, 1-8-70,.
Identification of Apollo 12 PSS Problems, Anomalies and
Preliminary Action Plan, SSED-346, J. Lewko/D. Brescke,
12-10-69.

70-210-135,7, Trilfin, Jr. to J, McNaughton, 5 May 1970
Subject: Concept to i.ecuce the Influence of PSE Skirt Thermal-
' Mechanical Stressing on Sensor Data )
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1.0 INTRODUCTION

Thermal data received from SNO5 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 and the foot
design were modified resulting in a positive clearance of 0. 425 in, to

0.925 in.

2.0 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.

2,1.4 Analyze the design of-the isolator pads on the ring-of the leveling
stool.

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. Lunar Gravity 1/6 Earth Gravigr
| 2. Earth Weight of Sensor 22 Lbs.
3. Lunar Weight of Sensor 3.7 Lbs. ~
4. Total Foot Pad Area 6.1 inz : ’
5. DPad Pressure on Lunar 0. 606 psi }
Surface : - j

Table 1 - Design Constraints for Leveling Stool Foot Pads
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Assumptions

1. 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 deployment, 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
pressure 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 deployment 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 5-1, 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 5-1, 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 fecot 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

heryllium inserts.

4.0 CONCLUSIONS AND RECOMMENDATIONS

The test results, summarized 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 moderately compacted. It is.therefore recommended that
the new foot pads, inserts and button sizes be incorporated in future units as
shown in Figures 3, 4, and 5. A typical ;:onqpleted 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

Extra Clearance (Between
Pressure| the bottom of the
i B
Soil Pads uttons Applied sensor & soil)
1. Compact New foot pads Long buttons None | 2.5 in.
2. Very loose New food pads Long buttons None Interference
fluffy up to (base touching the
6 in. depth) s0il)
3. Loose soil New foot pads Short r None 1.5 in.
as in 2. (mod-
erately compacted)
4. l.odse soil ‘New foot pads Long None 1.875 in
(fluffy up to 3 in.
in depth) (mod-
erately compacted)
5. Loose soil as !New foot pads Short Excess of 5 Very close, not
in 4. (not com- 1bs touching
pacted)
6. Loose soil as {New foot pads Long None - 1. 625 in.
in 4. (not com-
pacted)
7. Locse soil New foot pads Long None 1.625 in.
as in5.
8. Loose soil New foot pads Short None 0.875 in.
as in 4.
9. Loose soil O14d foot pads Old buttons Pads sank in the
as in 4. ' soil, base very
close to touching
O1d foot pads Old buttons None 0.75 in.

10. Very com-
pact soil.

11. Loose Soil
{mod-
erately com-
pacted).

as in 2.

O1d foot pads

Long buttons

About 5 lbs

Pads sank all the
way. DBase very
close to the soil
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Figure 6 - Completed Stool Assembly
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