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The anomalous condition, that of intermittent oscillations,
of the Loong Period Vertical seismometer of the Apollo 14 Passive
Seismic Experiment and the analysis and testing which was
performed in the investigation of the anomaly is described in this
report. This performance condition was first described in the Apollo 14
PSE Anomalies Report of Reference 1.
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3.0 ANOMALY CAUSE

The analysis and testing conducted on flight hardware and the
engineering m in indicates that two failures have occurred: no single
point failure could be established which would duplicate the observed results
for both the Filter-In and Filter-Out conditions. The first, the undamped
oscillations occurring in the Filter-In mode, have been attributed to a
mechanical problem: the second, the intermittent, lower magnitude-
oscillations of the I“f{ae =Cut mode, are due to an electrical problem. Both

conditions have been reproduced in fest.

A mechanical malfunction of identical characteristics was
temporarily reproduaeﬂ during in-process testing of flight sensor SN/08;
however, the completion of assembly eliminated the problem without
positive identification of the specific cause, It is believed that the most signi-
ficant adjustment made was securing the position of the thermal compensation
bar. The mechanical instability aiso recurred in the LPZ engineering model
and was operated in this mode for considerable tirne; however, a single
mechanical cauge of the instability was not established.

While the LLPZ of the engineering model was mechanically
unstable, a number of electronic malfunctions were simulated., When a
forward path gain increase of 1.5 or more was induced, the LPZ output
strongly resembled the Filter-Qut lunar anomaly. This experiment is
described in the Appendix, Test IV. This type of electronic gain change could
be due to a feedback resistance change in either the Pre-amplifier or the
Demeodulator, A second potential gause is a phase shift in the Demodulator
or the Feedback Filter. Test X simulated this type of failure and produced
results similar to the anomaly.

An examination of the data recorded during an interval in which
the anomaly occurred, can be made to determine if a gain change is
apparent on the L.LFPZ., This would resolve the uncertainty of the cause, i.e.,

a gain change or a phase shift,
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4,0 ANALYSIS
4,1 TEMPERATURE RELATIONSHIP TO ANOMALY

Due to the coincidence of sensor temperature gradients and the
LLPZ oscillations on 2 August 1971, the possibility was considered that a
relationship might exist between these two parameters. Temperature vs
time curves were plotted and the LLPZ oscillation cccurrences were noted,

reference Figures 44, Band C.

There is no apparent correlation between the sensor temperature
and the outbreak or continuation of the anomaly. The LPZ oscillations
started when the temperature was as low as 1239F (day 158, 7 June 1971) and
as high as 126°F (day 222). Continuation of the oscillations occurred with the
temperature as low as 121°F (day 158) and as high as 126, 5°F (day 214),

There is also no apparent relationship between temperature
transitions and the anomaly occurrence, On day 158, the oscillations
started when the temperature was dropping sharply. On days 176 and 236,
however, the temperature was stable at the beginning of anomalous output,
and on days 243 and 213, the temperature was rising.

The measurement of temperature within the PSE sensor is at a point
approximately half way up the inside wall of the case. Temperature gradients
within the sensor occur with the lunar cycle: the range of the sensor base
femperature is estimated to be 75 to 1357 F.

4.2 OPERATING EVENTS RELATIONSHIP TO ANOMALY

The occurrence of the LPZ anomaly was compared to that of
other normal operating events and modes. Except for the Filter-In
condition, it is apparent from Figure 4A that the operating events and the
anomaly are not related. There appears to be no correlation between an
operating event and the start, the continuation, or the termination of

oscillations,
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4.3 LPZ STABILITY ANALYSIS

4,3, 1 Mechanical Assembly

Laboratory experience has shown that the seismometer mechanical
assembly will become unstable with misalignment of any one of several sub=
assemblies. Conditions similar to the Apollo 14 anomaly were observed
on a flight model, sensor SNO08, and on the engineering model. Sensor SNO8
was in assembly and test during the anomaly investigation.

During in-process testing of sensor SNO8, inadequate seating of
the thermal compensation bar set screw caused an LPZ instability, During
resolution of this problem several alignment adjustments were made and at
one time the Apollo 14 Filter-In anomaly was reproduced. The definition
of misalignments required to produce this condition are not known. It was
observed that the seismometer characteristics could be changed by commanded
leveling operations. An attempt was made to also duplicate the anomalous
mechanical behavior using an engineering model of the LPZ assembly. The
anormalous behavior was successfully duplicated while adjustments were being
made in the area of the thermal compensator bar. Unfortunately, this anomaly
fiid not occur during one of the controlled experiments; therefore, the specific
cause was not determined.

The thermal compensator bar supports the flexure mount of the
LLPZ boom and affords thermal correction for expansion and contraction of the
ILaCoste Spring. A set screw located in the thermal bar and under the
ilexure mounting bar clamps the thermal bar to a spring attached to the plat-
form. This assembly allows vertical movement of the thermal bar while
restricting the horizontal movement. Vertical movement of the bar corrects
mags position and has very minor effect on the period of the seismometer.
Horizontal movement of the bar has little affect on mass position but does cause a
change of period and possibly seismometer instability.

The amount of thermal bar movement considered is extremely small.
The horizontal movement that caused the change of period in the SN 08 sensor
could not be visibly detected even when observed under a 40 power microscope.
However, when the flexure mounting bar was removed and the set screw in the
thermal bar was reseated on the platform spring and the flexure bar installed,
the period variations in SN 08 ceased and the performance of the LPZ was

normal,
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4.3,2 LPZ Feedback Analysis

The LFPZ seismometer consists of an electro-mechanical feedback
loop followed by attenuator, amplifier, and filter circuits. Generally, the
stability of a feedback loop is a function of the loop gain and phase. If the
loop gain or phase cross certain boundaries, the system will become unstable.
For normal operating conditions, the LPZ loop can be approximated by a
linear model. Linear analyses have been performed by S. N. Thanos (Ref. 2)
and Sutton and Latham (Ref. 3).

From the LLPZ schematic of Figure 5, it can be seen that a gain
change can result from a faulty component or connection in the preamplifier,
the demodulator, or the feedback coil attenuator network and that a phase
shift can be caused by a malfunction in the demodulator filter or the feedback

filter.

A number of experiments were performed in an effort to isolate
an electronic component or connection failure that would duplicate the
Filter~Out mode anomalous behavior of the Apollo 14 PSE LPZ system.
The experiments and their results are described in the Appendix. Test IV,
increased gain, and Test X, phase shift, resulted in malfunctions similar to
the Apcllo 14 anomaly. Of the two tests, the gain change gave a much closer
match to the anomaly. The gain change test results have an oscillation period
equal to the normal filter~out period of the system and show rapid amplitude
variations. DBoth of these conditions were characteristic of the lunar anomaly.
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5,0 RECOMMENDATIONS

The gain change theory should be further tested by analyzing
normal seismic outputs during a period of anomalous activity, Above
"mormal'’ amplitude would support a change in gain. The relationship to
"normal' would have to be determined by the PIL,

Commanding the LPZ drive assembly may reduce the anomalous
behavior of the Apollc 14 PSE as demonstrated on the PSE SNO08 mechanical
anomaly. Hkowever, this action will not affect the LLPZ electronics anomaly.

No modifications in design, manufacture or test are recommended

for future LPZ assemblies.
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APPENDIX
ENGINEERING MODEL EXPERIMENTS*
1.0 TEST I;

Series resistance in series between Preamp output (Pin 5)
and Demodulator input (Pin 19).

1.1 PROCEDURE:
., Insert resistor decade box between preamp and demodulator.

Vary Resistance of decade box, 3 minutes at each value, by
the following increments:

0-10K ., 1 KL increments

10K-60K $v., 5K rL. increments

60K-100K 5., 10K 1 increments

Mark strip chart at each resistance change
1.2 RESULTS: Run 10/86/71

No significant oscillations

* All tests were performed in the Filter-In mode except where explicitly

stated othewise, and with a mechanically unstable assembly except where stated

otherwise.
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APPENDIX

TEST 11
Reduced value of Demodulator Filter resistor, R3
PROCEDURE

Place resistor decade box in parallel with R3.

Vary resistance of decade box, a few minutes at each value,
by the following decrements:

IMAA- - 100K UL, 100K 1-decrements
100 K /l. - 20K UL, 20 K ._.decrements
Mark strip chart at each resistance change.

RESULTS: Run 10/7/71

No significant oscillations sustained at any resistance value,

Oscillations occurred during #ransition times of large resistance
changes.
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30 TEST III:

Increased resistance to base of Filter Mode switch control
transistor.

3.1 PROCEDURE::
Insert resistor decade box in series between the Filter Mode
Switch base resistor, Rj3 (pin 27) and Filter Mode command

manual switch,

Vary resistance of decade box, a few minutes at each value,
by the following increments:

0-8K_/1L., 2 K./UL increments
8K _n- 98K /1L, 10 K _/Lincrements
98K J. - 998K L, 100 K...increments
. Mark strip chart at each resistance change.
3.2 RESULTS: Test run 10/6/71
No significant oscillations.
3.3 TEST MODIFICATION: Higher resistance
3.4 RESULT OF TEST MODIFICATION:

Oscillations occurred when resistance was between ZM_t. and 3M 5L .
At higher resistance normal Filter-Out operation was observed.
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APPENDIX
4.0 TEST IV:
Forward path gain change.

4.1 PROCEDURE:

Place resistor decade box in parallel with the Demodu'ator
amplifier feedback resistor, R..

Vary resistance of decade box by the following decren ents:
100K - - 10K JL, 10K _JULdecrements, 2 min. at e ich value
10K - 1K/, 1K _AlLdecrements, 3 min. at each value

Repeat resistance value where oscillations o:cur. C¢mmand
system to Filter-In mode, then back to Filte --Out mo le
after one minute.

Mark strip chart at each resistance change and at each command,.

4,2 RESULTS: Test run 10/7/71
Significant oscillations first noted at 9 K.
Oscillations quite noticeable at 8K.

At fixed resistance, oscillations varied in ainplitude. Frequency
about normal for Filter-Out mode. é

With both LPZ Seismic and LPZ Tidal at saiae sensitivity,
oscillations were slightly greater amplitude on Tidal »utput.

When commanded to Filter-In mode, oscillaiions quic kly built up
to saturation. After a few cycles, the LPZ Seismic ' 1tput went
to (+) saturation and remained there. The low level « scillations
returned after the system was commanded baick to the Filter-CQut

mode,
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APPENDIX
5.0 TEST V: Increased value of Preamp feedback capacitor, C,
5.1 PROCEDURE:

. Place capacitor decade box in parallel with the Preamplifier
feedback capacitor, C,.

. Vary capacitance of decade box, 60 to 80 seconds at each value
by the following increments:

l/V\. f - lO/vL f, l/’\increments
5.2 RESULT:

No significant oscillations
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TEST VI: leakage of Preamp feedback capacitor, C, at 3KHz:
At 3KHz:

X = 1 = ! = 40
277 £C, 2 (3x10°) 1X10-9)

A Filter~In Natural Period:

X, = 1 = 1 6
271 £C, 2 (1/6) (1 x 107°) 10

If capacitor C, had large leakage or was shorted out of the
circuit, the signal amplifications at the preamp would be the
same at all frequencies, instead of being greatly reduced at the
LPZ natural period. The worst case should be a short across

the capacitor,
PROCEDURE:

Short out the preamp feedback capacitor, CZ.

 RESULT: Test run 10/8/71

No significant-dscillations; however, a (+) drift was observed on
LPZ Seismic Data.
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APPENDIX
7.0 TEST VII: Reduced current to calibration board, feedback resistor
network.
7.1 PROCEDURE:

Insert resistance decade box in series between pin 3 of
Calibration Board and pin 25 of Z Board.

Vary resistance of decade box by the following increments:
0 - 100 K., 10K /L increments, 40 sec. each value
100K - 1M /L, 100 K.t increments, 1 min. each value
IM_n.-2M L, IM _increment, 2 min. at 2 M1, .
. Mark strip chart at each change
7.2 RESULTS: Test run 10/11/71

No significant oscillations up to 1Mn..
Low level oscillations, fairly constant amplitude, at 2ZM L .
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TEST VIII: Reduced resistance in parallel with feedback coil.

PROCEDURE:

Place‘resistor decade box in parallel with R5 of Calibration
Board.

Vary resistance of decade box by the following decrements:
10K - 1IK_n., 1K —decrements, 40 sec. each value
1K - 100 _, 100% decrements, 40 sec. each value
1004 - 20 S, 204 decrements, 60 sec. each value

. Mark strip chart at each resistance change.

RESULTS: Test run 10/11/71

Very small oscillation.
LPZ output drifted (+).
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9.0 TEST IX:

Mechanical adjustment of natural period of LPZ mechanical
assembly to achieve a stable condition.

9.1 PROCEDURE:

Shorten the LLPZ period by turning the period adjustment screw by
the following procedure:

Turn screw "in'' 1/2 turn.

Check for stability in Filter-In mode.
Repeat until the stability is sufficient to perform a natural period

measurement.
9.3 RESULTS: Test run 10/15/71

3 full revolutions of screw were required to change from the
original unstable condition to a stable condition,

The natural period at which stability was achieved was 4.7 seconds.
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10.0 TEST X:
Feedback filter corner point change.

NOTE: This test was run prior to tests I through IX and was
performed with a stable mechanical assembly,

10,1 PROCEDURE:

Command LPZ system to Filter-In mode.

Place resistor decade box in parallel with filter resistors, R
and Rg

Slowly increase resistance from 0~ (simulating Filter-Out
mode) until significant oscillation occurs. Continue increasing
resistance, slowly until oscillation stops (lower limit of Filter-In
mode stability).

Mark strip chart at each resistance change.

Starting at about 1 M _, slowly decrease resistance until the
system passes completely through unstable region.

Mark strip chart at each resistance change.

10. 2 RESULTS: Test run 8/13/71

At specific resistance values the LPZ output resembled the Apollo 14
anomalous Filter-Out condition (i.e. low level, varying amplitude
oscillations); however, the Apollo 14 oscillations had a normal
Filter-Out period (approximately 2.5 seconds) and the oscillations
produced in the lab model had a period normal for the Fllter In
condition (approximately 6 seconds).
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LPZ ANOMALY - APOLLO 14 PSE
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