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I. TINTRODUCTTON

Applied Research Laboratories, The University of Texas at Austin
(ARL:UT), has for the past nine years been heavily involved in the field
of low frequency acoustic propagation in the ocean. As part of the overall
program of acoustic propagation studies, ARL:UT has had a program funded
by ONR (Code 480) directed toward development of techniques and equipment
to measure acoustic parameters of ocean sediments directly in situ. The
initial goal of the program was to develop a method of measuring in situ
compressional wave velocity and attenuation that would be both relatively
cheap and easy, but one that would also produce accurate data. Methods
available were (1) in situ measurements from platforms of various
configurations, deployed either by cable from ships or by submersible, and
(2) laboratory measurements on cores or other samples removed from the
bottom. The first of these methods suffers from the fact that such
measurements require additional ship time and specialized handling equip-
ment and are slow and costly. The second method is, by comparison,
easier and cheaper since cores are made on a routine basis, but the method
can provide only inaccurate data since the process of sampling and
retrieval causes physical disturbance to the samples as well as changes to
the ambient temperature and pressure of the sample so that corrections
based on assumed temperature and pressure in situ have to be made to the

data.

With the above considerations in mind, ARL:UT developed a system
to combine the best features of both methods. An instrument was developed
to make acoustic measurements in situ in the bottom by attachment to a
geophysical corer. The instrument requires only minor modification to

the cutting edge of the corer and adds little in the way of cost or time

to a normal coring operation.




Initially, only compressional wave velocity was measured by the
‘{ apparatus, but as the program developed, other measurements were
examined as additional features to be added to the measurement capa-
bilities of the instrument. During the period covered by this report,
the instrument was restructured to record six data channels to encompass
a larger range of measurements. Included in the capability of the
instrument are compressional wave velocity, shear wave velocity, acoustic
impedance, static shear strength, and corer deceleration. Pulse ampli-

tude data for both compressional and shear waves are also available.

The deceleration is integrated by the system to provide a depth axis
against which the other data are plotted. The deceleration data are also

being examined to provide a measurement of the static shear strength

[ A Ve

of the cored sediment.1 For this reason a transducer to independently

measure static shear strength was included in the instrumentation.

This report discusses the new instrumentation and provides initial :
laboratory test data. The updated electronic circuits are provided in
Appendices A and B, while the software required for the microprocessor

¥ playback unit is provided in Appendix C.

A program of laboratory measurement and computer modeling of
acoustical propagation in sediments evolved from the in situ studies,
due mostly to a requirement for these type data to enable the in situ
data to be interpreted properly. It was realized early in the program

that new transducers being developed for the in situ measurement tasks

b
“-j offered a unique opportunity to study acoustic processes in the
laboratory. Analytical models based on the work of Biot2 and Stoll

have been developed to augment the measurements and to develop an under-

3

standing of the fundamental processes in sediment acoustical propagation.

During 1980, the program was divided into two major parts.
1. Modification of the in situ measuring equipment to enable at

least six data channels to be processed and recorded and final

development of transducers for those measurements.




2. Laboratory measurements and model development to include

artificial sediments with a varjation in pore fluid

viscosity.

A bibliography of publications under the sediment acoustics

program is included as Appendix D. Since the program was started, 14

c e e NN A

1 technical reports have been published, 13 papers have been presented

F ‘ at technical meetings, 7 papers have been published in scientific

3 i journals, 3 papers have been included in books, and 2 invention

N disclosures have been submitted for patent. Of these, 1 technical report

and 1 invention disclosure were submitted during 1980.4’5 :




1 ITI. 1IN SITU MEASUREMENTS
! A. Introduction

Field tests aboard R/V IDA GREEN in August 1979 showed that the

shear wave transducer design being tested would operate and provide a

shear wave velocity profile of ocean sediments.4 The next step was to
modify the in situ recording instrument so that more data channels could
be accommodated to allow shear wave and compressional wave parameters

to be recorded concurrently. Previous designs6 were structured so that
three data channels plus one reference channel were recorded on a
4-channel FM magnetic tape. The three data channels were (1) velocity
(either compressional wave or shear wave), (2) amplitude (either
compressional wave or shear wave as appropriate), and (3) acceleration.
N On playback, the output of the reference track was subtracted from the
data track outputs to reduce noise associated with tape movement (wow

and flutter) and to compensate for long term differences in the tape

speed between record and playback. Approximately 10 sec of data were
recorded on each tape. After noise compensation, the data were converted
from analog to digital signals in the playback system and stored in
digital memory. The acceleration data were then integrated by computer
and the resultant depth data used as the x axis to plot velocity and {

amplitude as a function of depth on an x-y plotter.

To increase the number of data channels available in the system,
it became necessary to multiplex two data channels on each of the
recorder channels, which in turn required an increase in the band-
width of the record-playback system. The increased bandwidth required
faster tape speeds and increased power requirements for the tape drives
which, coupled with the mechanical problems that had been encountered

in the past with the tape drives, led to a decision to eliminate

1
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the tape recording system altogether and instead go to a system to digitize
:-‘ the analog signals internally and store the digital data in a high density
digital memory. The resulting design change has resulted in an instrument
with increased bandwidth, lower power requirements, higher reliability, and
increased data handling capacity. The new design will record six channels
of analog data for 10 sec with a sample rate for each channel of 2J0 samples/
9 sec. The total memory size is 12 kilobytes of digital data (2 kilobytes

per channel) with a word size of 8 bits.

Concurrent with the redesign of the profilometer recording system,

1 new transducers were designed to interface to the system to utilize the
N added capabilities. The new transducer arrangements include:
: 1. a set of compressional wave transducers to measure
. compressional wave velocity inside and outside the core
cutter,
2, a set of transducers to measure compressional wave and shear
wave velocity concurrently, and
3. a set of transducers to measure compressional wave velocity,
acoustic impedance, and static shear strength.
The new design of the recording instrument is explained in
Section B while a detailed explanation of the new transducer arrangements
. is presented in Section C. Laboratory tests were made of the new circuits

) and transducers and the results of these tests are presented in

T Section D.

Y

} “

% B. Profilometer Development

. ¥

P

i" The new profilometer recorder design is basically the same as the

%‘ previous design.l’6 The previous design for the mechanical layout of the

3 system had allowed space for the addition of more printed circuit cards

+ 8

F: to allow shear wave measurements to be made in conjunction with the

! compressional wave measurements. The electronic circuitry is the same
for both types of measurements with only changes in component values to
allow for the differences in frequency and velocity between shear wave

S
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K and compressional wave measurements. The circuits have been described

3 previously1 and the description will not be repeated.

The point of departure between the old and new design is the

recording of the analog voltages representative of the various measured

e r—————-

parameters. Figure 1 shows a block diagram of the previous recorder
; design incorporating the magnetic tape unit. The dotted line separates
% the measurement part of the circuits from the recording part of the
circuits. The circuit design has remained the same above the dotted
line with the addition of identical circuits to measure the additional
acoustical parameters. The FM modulators, reference frequency generator,
: S and magnetic tape transport shown below the dotted line have been

replaced by the new digital recording circuits.

Figure 2 shows a block diagram of the new profilometer recording
system, The new additions to the circuitry include the measurement

channels for shear wave velocity and amplitude, acoustic impedance, and

; shear strength, along with the analog~to-digital converter, the solid
. state memory, and control circuits for the digitizer and memory. General ﬁ

operations of each of the circuits will be described below, with a

detailed circuilt diagram and circuit description for only the new

circuits included in Appendix A. The shear strength channel is shown
connected to the digitizing circuit in Fig. 2 by a dotted line since it

is not a permanent part of the measurement package, but will be implemented
temporarily. When implemented, the shear strength measurement will

replace the shear wave measurement since only six data channels are
available in the recorder. Changes to the data channels are made by

simple wiring changes on the connectors inside the instrument and require

only a few minutes to alter the measurement capability of the instrument,

The compressional wave measuring circuits are identical to those

p—

reported previously1 for the existing profilometer design with the
exception that the timing of the pulse generator is synchronized to the

$ digital recorder. As in the previous design, the pulse generator

D R Ty .




FOVHOLS Viva 43AYO0I3Y 3dVL JILINOVIN HLIM
LINN DSNIGHOI3Y HI13IWO0TI140Hd IHL 40 WYHOVIA ND014

L 3HNOId

1YOdSNVHL

3113SSVD 3dVL

ILINOYW W4

JINNVHOb

1 _1
HOLVINGOW HOLVINAOW ETE HOLVINAOW
w4 w4 w4
30N3Y343Y
INIWIYNSYIN
IGNLITdWY HILIW0HITNAJOVY
LININIENSYIW

i IAUILNI (= H3141TdWY 3N Y3IAI303Y | | HOLD3roud moEm%Zmu
awiL snd

16- 81

ARL:UT
AS-81416
DJS - GA

4.

At St L]

Ay # -

N FENEON R e Ee T

SRR Rt & o AR LR . o e e ..Qbonqﬂsw' AW T 3 :f\hv....

" L




Tr g

JOVHOLS VLVQ TVLIOQ 3LVLS QIT0S H1IM

LINN ONIQHOJ3IY HILIWOTNF0Hd IHL 3O WYHOVIQ XJ01d

TOH1INOJ TVLIDIg

Y

AHOWIW
JlLvLS
3LA80TIN
zl

¢ 3UNOI4
HIONASNVHL
e ———— e AU TAY HLONIYLS
H HVY3IHS
|
“
H IN3W3YNSYaW
i1 39NVA3JWI
21LSN0DV
M " ¥313IWOHITIOOV
}
|
-+ ﬁ
>
AV jg—) [ INaIWINASYIN HOLVHINTS
TINNYHOG femmemmmemmmemcnms ._<>mm_»zk_ HIIA1 1AWV IHG HIA(3034{ [HOL23rONd Sy [
s Int
>
IAVM HYIHS
INIW3IHNSY3W
WALILN =] 31317 awv3ng HOLD3rOud mo»éuu%__ﬁll
e |

JAVM TVYNOISSIBINOD




. .._jJ. LAk do

provides a series of 2.5 usec pulses to the compressional wave projecting
element mounted in the cutter of the corer. The pulses are at an ampli-
tude of 10 V and a repetition rate of 200 pulses per second. A pulse of
compressional wave acoustic energy is emitted by the projector and travels
through the sediment across the inside diameter of the corer. A receiving
element detects the acoustic pulse and generates an electrical pulse which
is amplified and filtered by the preamplifier circuit. The amplitude of
the pulse is also detected and an analog voltage proportional to the pulse
amplitude is provided to one channel of the digitizer. The amplified and
filtered pulse is then converted to a train of square pulses by a zero
crossing detector and the time interval between the time a pulse is
emitted by the pulse generator and the time of arrival of the first pulse
in the received pulse train is converted to an analog voltage and provided

to another channel of the digitizer.

The shear wave channel is identical to the compressional wave
channel with the exception that component values in the circuits are
selected to accommodate a lower frequency and a slower velocity for the
shear wave. In fact, the shear wave channel can be used for a second
channel of compressional wave measurement by the use of appropriate
circuit cards in the shear wave positions. Table I shows the required

characteristics for the two types of measurements.

Due to the possibility that electrical feedover in the cables from
the electronic circuits to the transducer could cause interference between
the two measurement channels, synchronization by the digital control
circuit is such that the generation of the shear wave pulse is delayed
1.5 msec after the compressional wave pulse to allow the compressional
wave measurements to be completed before the shear wave measurement is
initiated. The shear wave measurement is then completed before another

compressional wave measurement is again started.

The accelerometer measures the deceleration of the corer. The
circuit has not been changed and 1s identical to that used in the

previous design.1 The accelerometer consists of a cantilever mounted

LTSN ST oS
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TABLE I

PARAMETERS FOR THE COMPRESSIONAL WAVE AND SHEAR WAVE MEASUREMENT CHANNELS

Compressional Wave

Frequency 200 kHz
Velocity Range 1400~1900 m/sec
Filter Bandwidth (3 dB) 150-250 kHz
Generator Pulse Length 2.5 usec
Repetition Rate 200 pps

Shear Wave

2 kHz
25-300 m/sec
1-10 kHz

250 usec

200 pps

b
!
i
i
5




ceramic bender element with a small mass mounted on the free end. A

“§ charge amplifier circuit amplifies the signals resulting from changes in

acceleration and provides them to one channel of the digitizer.

The acoustic impedance measurement is similar to that described
for laboratory measurements.7 The acoustic impedance circuit provides a
cw signal to the transducer element mounted on the core cutter. Fre~
quency of the signal is 400 kHz and is maintained at a constant 5 Vpp
level. The electrical current amplitude is detected by a resistor in

series with the acoustical element and 1s rectified to provide an analog

i voltage that is proportional to the electrical impedance of the acoustical
) element. The electrical impedance of the element is proportional to the
acoustic impedance of the sediment in contact with the element. For i
;i simplicity in the electronic circuits, no attempt is made to maintain
the driving frequency at the resonance frequency of the element; the ’

resonance frequency changes as the acoustic impedance changes and results

in phase differences between the voltage and current waveforms. Instead,
the frequency is set at resonance with the element in water and is
L I maintained constant. The result is that the analog output is not a
linear function of acoustic impedance. However, calibration can be

done so that the output as a function of acoustic impedance is known.

The static shear strength measuring transducer consists of a small

penetrometer body attached to one of the acoustic transducer housings.

3
,%5 A strain gauge is attached to the penetrometer and connected to the
‘?: electronic circuits of the instrument. Changes in strain gauge resistance
i in response to varying load on the penetrometer body are detected and
N amplified by a bridge amplifier and provided to one channel of the solid
;é . state recorder.
b
»;ﬁ The solid state recorder consists of a 6-channel multiplexer, a

'j sample-and-hold amplifier, an analog-to-digital converter, a 98,304 bit
static memory organized as 12,288 x 8-bit bytes, and a digital control
circuit to initiate recording, to synchronize pulse generation of the

measuring circuits and the multiplexing of data channels, and to supply

b 12
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appropriate addresses and chip select signals to the static memory.
Detailed descriptions of the circuits are provided in Appendix A. Each
data channel thus occupies 2 kilobytes in the memory and at a repetition
rate of 200 pps will provide 10 sec of recording time. The recording of
data is initiated by the tripping of a switch when the corer is triggered
at the ocean bottom and starts to free-fall. Free-fall and penetration
of the corer usually occur in 3 to 8 sec, depending on the length of core

barrel and stiffness of the bottom sediments.

Once data have been recorded and the instrument recovered aboard
ship, it 1s necessary to process the data and reduce it to a usable form.
Figure 3 shows a block diagram of the playback system used with the
previous profilometer design. The system consists of a tape transport
and demodulator unit to convert the FM data recorded on tape to analog
voltages. The unit has three data outputs which are provided to the
microcomputer unit in which the three data channels are digitized and
the accelerometer data integrated twice to provide depth data. The
microcomputer output is input to an x~y plotter where the three data

channels are plotted as a function of depth.

The new design eliminates the tape transport and demodulator
unit and instead an interface cable from the microcomputer plugs
directly into the sockets in the recorder unit normally occupied by the
digitizer and digital control cards. The microcomputer addresses the
recorder's static memory and transfers all the data from recorder
memory to memory located internal to the microcomputer. Once inside the
microcomputer, the data are manipulated and plotted in the same manner as

before.

C. Transducer Development

In order to utilize the increased recording capacity of the new
profilometer recording instrument, three sets of transducers have been
developed and constructed. Each of the three transducer designs was

developed to address a particular problem in the area of in situ

e
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acoustical measurement. One problem was to measure the amount of
disturbance to the sediment that occurs before the in situ measurement
is made. The profilometer transducers are mounted such that the
transducer elements are about 5 cm back from the cutting edge of the
core cutter to maintain the strength and structural integrity of the
cutter assembly.6 Even this short distance could introduce a measurable
amount of disturbance to the sediment and affect the acoustical measure-
ment. A solution to the question of disturbance is to place another

set of transducer elements in a position out in front of the cutting
edge so that a comparison can be made between the two positions. The
front transducer, of course, will also disturb the sediment to some
degree, but a measurement of the difference can be made and an estimate
of the amount of disturbance developed from the data. A bonus to the
above measurement is that the travel paths for the two transducer sets
can be made different so that a measurement of attenuation can be
obtained. The reason that attenuation measurements cannot be obtained
from the pulse amplitude data that are presently recorded by the profilom-
eter equipment is that the amplitude is dependent not only on
attenuation of compressional waves in the sediment, but also on the varia-
tion of the coupling between the transducer element and the sediment.
With two sets of identical transducer elements operating over two
different path lengths, the changes to signal amplitude due to variation

in coupling can be eliminated so that the attenuation can be calculated.

The second problem to be addressed by transducer design was the
concurrent measurement of shear wave and compressional wave parameters
that has been the ultimate goal of the in situ measurement program for
the past several years. A successful shear wave transducer design was
demonstrated in FY 79 and the composite shear wave/compressional wave

transducer is based on that previous design.

A third transducer design addresses the problem of an acoustic

impedance transducer capable of operating at high ambient pressures.

Such a design has been proposed and tested in the laboratory1 and the




third transducer set incorporates this design along with a set of
4 compressional wave elements operating to measure compressional wave

velocity in the usual way.

This same transducer set also addresses another problem, which is
the measurement of shear strength of a sediment in situ. Preliminary
work on adapting the accelerometer data from the profilometer to calculate
shear strength has been done,1 but there are so many unknown factors
associated with the calculations that it was desired to have an independent

PPy

measurement of shear strength for comparison. For this reason a

Penetrometer measurement was added to the third transducer set.

U S VI SR

o Figures 4, 6, and 8 show schematic cross—-sections of the three

transducer designs as they would be mounted on a cutter and illustrate the
relative positions that the acoustical elements occupy. In all three

+ designs, a pair of compressional wave elements occupy the same relative
position as in the previous profilometer compressional wave transducer
design, and thus the new transducer design can be used on the same modi-

> fied cutters as previously without further modification.

From Fig. 4, the difference in separation between the set of
elements inside the cutter and those outside the cutter is 2.3 cm.

Since the expected attenuation range for compressional waves at 200 kHz

’;i in ocean sediment is from 10 to 100 dB/m,8 the above difference in

:fj separation should yleld a difference in recorded signal levels of from

Y 0.23 to 2.3 dB between the two channels. Such a difference should be

ﬁ a easily observable on the output from the instruments. Thus a directly

, measured attenuation profile of ocean bottom sediment would be obtained ;
;3 for the first time in situ. A photograph of the dual compressional ,j
i wave transducer is shown in Fig. 5. !
?.

! Figure 6 shows the relative positions of the shear wave and ; 

compressional wave transducer elements on the composite transducer set. L

Again the shear wave elements are positioned outside and ahead of the
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cutter to allow the whole shear wave element to be in contact with the
sediment to increase shear wave coupling to the sediment. The design

is identical to that used to successfully obtain a shear wave profile in
the Gulf of Mexico in FY 79.4 The forward position of the shear wave
element increases the hazard from hard layers, so the new design was

made more rugged by constructing the bender element from a layer of
piezoelectric ceramic and a layer of stainless steel. The resulting

shear wave transducer is more rigid and less sensitive than one made from
two ceramic layers, but tests indicate that sensitivity is still sufficient
to enable operation in most natural sediments. Figure 7 shows a photo-

graph of the transducer set.

The third transducer set is illustrated in Fig. 8. 1In the previous
two transducer sets that have been described, both projector and receiver
transducers were identical. For the third set it was necessary to put
the active transducers (the compressional wave projector and the acoustic
impedance transducer) in one housing and the passive transducers
(compressional wave receiver and shear strength transducer) in the other
to eliminate interference. A small electronic package 1s also included in
the housing with the acoustic impedance transducer to provide necessary
decoupling circuits between the cable capacitance and the transducer
element. The two transducers are thus different in construction and

are not interchangeable.

Figure 9 shows a photograph of the transducer which incorporates
the acoustic impedance element. The design of the element is the same
as that first tested in FY 78.1 A cross sectional drawing of the
transducer design is shown in Fig. 10 and illustrates the various
components of the device. The radiating head for the present device is
made of hardened tool steel and was tested to a pressure of
3.45 x 107 N/m2 (5000 psi) before the disc ruptured. Such a pressure
represents about 3.5 km of water depth. The ceramic element is a 1.59 cm
diam disc 1.43 mm thick and is attached to the steel radiating head by
rigid epoxy cement. The transducer element is held in place in the

housing by a threaded ring and is sealed by an O-ring. A small electronic
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circuit is also incorporated in the tranducer housing and consists of
a two-channel operational amplifier integrated circuit. Ome channel
of the amplifier drives the element to isolate it from the capacitance
of the interconnecting cable; the other channel rectifies the signal
obtained from a current detecting resistor to keep the capacitatively
cnupled ac driving signal in the cable from interfering with the
detected signal. Detailed descriptions of the electronic circuits can

be found in Appendix A.

Figure 11 is analogous to Fig. 9 and shows the unit containing
the compressional wave receiver and the transducer used to measure shear
strength. The shear strength transducer consists of a small penetrometer
body 1 cm x 1 cm x 2.5 cm long. The Jeading edge is sharpened and
tapered in an ogive shape and is attached to a 1 cm long cantilever
beam welded to the transducer housing. The beam has a pair of metal
strain gauges attached to the top and bottom and connected as two arms
of a balanced bridge. The beam is encased in epoxy plastic shaped to
match the shape of the penetrometer, The force experienced by the
penetrometer during penetration of a sediment causes the beam to deflect
slightly upward, which reduces the resistance of the upper strain gauge
and increases the resistance of the lower. Any change in resistance due
to temperature tends to cancel since both strain gauges are identical

and in opposite arms of the bridge.

D. Laboratory Tests

The three sets of transducers were tested in a laboratory tank
for proper operation. The tank was 0.6 m diam by 2 m deep and had
approximately 1 m of sediment and 1 m of overlying water. The sediment
consisted of a water saturated ball clay (pottery clay), which has been
used for previous transducer tests. The transducers were mounted on a
core cutter which was mounted on a 3 m length of aluminum pipe; the
transducers were attached to the profilometer recorder by electrical

cables. The analog outputs of each of the measurement circuits were
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recorded directly on a strip chart recorder since the solid state
recording circuits had not been completed at the time of the tests.

To test the transducers dynamically, the cutter and pipe were pushed
into the sediment by hand while the electrical signals were recorded.
An attempt was made to maintain a constant speed of insertion so that
the time axis of the strip chart recorder would represent as closely

as possible the penetration depth for the test. Figure 12 shows the
results of the test using the dual compressional wave transducer set,
Because the strip chart recorder had only two channels, only the velocity
outputs were recorded. Since the clay had a high porosity, the
compressional wave velocity is slightly lower in the sediment than in
the overlying water and shows a gradient toward the bottom where the
clay tended to increase in stiffness. Apart from a few noise spikes,
the profiles are smooth and seem to be identical. There is an offset
in the depth axis between the two profiles due to the separation of the

transducer element pairs.

Figure 13 shows the results of laboratory tests for the shear
wave/compressional wave transducer set. The top trace is the
compressional wave velocity and is similar to those shown in Fig. 12,
except the profile is less smooth due to disturbance to the sediment
during the first test. The lower trace is the shear wave velocity. In
general, the shear wave velocity follows fairly closely that of the
compressional waves, with a lower velocity at the top of the sediment
gradually increasing toward the bottom, with some variations probably
due to the sediment having been disturbed by previous tests. While
the shear wave elements are in the overlying water at the beginning
of the profile, the trace is offscale due to detection of the feedaround
signal in the cutter providing a signal to the instrument that appears
to be a very fast shear wave (about 400 m/sec). As soon as the shear
wave elements contact the sediment, the feedaround signal is damped
out and the actual shear wave is measured. The large noise spikes at

the end of the shear wave profile are probably due to the cutter striking

the bottom of the test tank.
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Figures 14 and 15 show the results of laboratory tests of the third

g transducer set, which was designed to measure compressional wave velocity,
acoustic impedance, and static shear strength. The restriction of two
channels on the strip chart recorder required that the acoustic impedance
and shear strength measurements be tested separately. Figure 14 shows
concurrently made profiles of compressional wave velocity and acoustic
impedance. Increased disturbance to the sediment from the series of
tests tended to homogenize the sediment so there was little variation

? of either parameter from top to bottom. Figure 15 also shows little

L : variation, but enough to show that the transducers operated satis-

factorily. The variation in acoustic impedance measured during the tesc

was 2.2 x 103 acoustic ohms (1 acoustic ohm =1 g/cnga) and was smaller

than expected, but the sediment was pretty well disturbed by that time

B even though the tests occurred over a period of three days. The sediment

had previously been undisturbed for over a year.

The results of the laboratory tests on the three transducer sets

were judged to be satisfactory. The next step, then, is a sea test to

evaluate their operation in an environment where stresses on the

components are much larger and more uncontrollable.
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I1II. LABORATORY MEASUREMENTS
A, Introduction

An important part of the sediment acoustics program at ARL:UT has
been the development of analytical models for the propagation of
acoustical energy through sediments and the testing of these models and
resulting predictions by acoustical measurements 1in the laboratory on

natural and artificial sediments.

During FY 78 and FY 79, Bell8 and Hovem9 developed models of
acoustical propagation in sediments based on the work of Biot2 and
Stoll.3 The Biot and Stoll models were intended to be used for
propagation in natural sediment types with a wide range of parameter
variation. As a consequence, several of the parameters to be inserted
in those models have to be assumed from measurements in real sediments.
The efforts of Bell and Hovem were directed at developing a specialized
model with simple geometry and little variation in parameters. Such a
model would have little utility for application to a real sediment, but
if the parameters of the model are selected so that they can be easily
duplicated in a controlled laboratory environment then predictions and
behavior of the specialized model can be more easily understood and

evaluated than those of the general model.

During FY 80, the specialized model was used to investigate the
acoustical behavior of a sand-type sediment with a single size of
spherical grains and a pore fluid of variable viscosity. The work is

described in the next section.
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Background

Hovem and Ingram9 previously set up a model based on the Biot

theory to examine the frequency response of compressional waves 1in a

spherical grain sand sediment. Hovem showed that the coupled

differential equations describing wave propagation could be writtea in

the form

82
—5 (pe=p.E) &3
3t

v2 (He-C?)

2
3 - n 3E

5 (pge-p B) - o= F (o) 2, (2)
ot o

[ - vz(Ce—Mg)

dilation of the skeletal frame,

£ = relative dilation between frame and fluid,

3'- Pe = bulk density of the pore fluid,
pS = bulk density of the solid grains,
P = effective density parameter, and |

o p = bulk density of the aggregrate.

In turn, ¢ is related to the solid and fluid densities by the porosity

¢ in the following equation:

p = (I=¢)p_ + dp¢ . (3)

The coefficients H, C, and M in Egs. (1) and (2) are elastic coefficients

?é » related to the bulk modulus of the grains Kr’ the shear modulus of the
3 frame Hy» the bulk modulus of the frame Kb’ and the porosity ¢

as follows:

H=K+ 4/3 Yy
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where
K = Kr(Kb+Q)/(Kr+Q) > (5) 3
Q= (Kf/¢)(Kr~Kb)/(Kr-Kf) . (6) f
C= QKr/(Kr+Q) , (7

and
M= CKr/(Kr'Kb) . (8) ;

Hovem also showed that for this particular type of sediment the
effective density parameter pc could be described in terms of fluid

density, porosity, and a structure constant, Yy, by the following equation:

(1+y) ’ (9)

o)
[}
-e-"_ho

where

<
1]

1+ (n¢/Boof) [Fi(K)/m] . (10) B

Here Bo is the permeability of the sediment and n is the absolute
viscosity of the pore fluid. The permeability can be related to grain

size dm’ porosity ¢, and a pore size parameter k by the following

equation:

2 3 2
B, = (a_/36 kK)[¢7/(1-¢)"] . (11)

The coefficient k is a function of the pore shape and tortuosity of the

pores and, for a spherical grain sediment, has a value between 4 and 5.

Thus, Hovem was able to set up a model for wave propagation in
a spherical grain sediment which required only grain size, grain density,
porosity, fluild density, fluid viscosity, and the wave propagation

frequency as inputs. In preliminary work, model predictions as a :

function of frequency were investigated and confirmed.




In order to further test the model, investigation of the model
p predictions as functions of other variable parameters was required.
Pore fluid viscosity was decided upon as the parameter to be studied
since the viscosity of the fluid could be varied by changing the

concentration of an aqueous soclution of a material such as alcohol or

; glycerin., The results of that experiment are discussed in the next

i section.

f C. Experimental Results ;

R 2 SR

) In order to vary the viscosity of the pore fluid in a sediment, g ]
it was decided to examine the feasibility of changing the concentration

of an aqueous solution cf a substance to produce a measurable change

ERY WIS W T

in viscosity with concentration. Both ethyl alcohol and glycerin have

il

well known characteristics of viscosity and both are soluble in water.
Handbook10 values are avallable for viscosity as a function of both
concentration and temperature for ethyl alcohol and glycerin. Figure 16
(s -, shows the variation of viscosity with concentration for both materials
. at a temperature of 20°C., Glycerin was selected over alcohol due to

the fact that glycerin is less volatile than alcohol and would thus

provide a more stable pore fluid over a period of time.

WHnl 5 Ao 3 e TR . 52 o 21

Although a variation of viscosity was the object of the experiment,
other properties of the fluid such as bulk modulus and density will also
;; be a function of concentration and will affect the acoustical properties

1 of the fluid and of the sediment. Compressional wave velocity and

1 attenuation data were obtained for the pore fluid alone to measure the
change in acoustical properties as the concentration and viscosity were
varied. Figure 17 shows the velocity data plotted against glycerin
?ﬁ:. concentration while Fig, 18 shows the same data plotted as a function

B of viscosity. The measurements were made at a frequency of 114 kHz and no

extra attenuation due to the presence of glycerin in the solution was

observed.
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The velocity data were used in conjunction with handbook values for
density of the solutions to calculate the bulk modulus for the material.
The bulk modulus data are shown in Figs. 19 and 20 plotted as functions
of concentration and viscosity. In each of the figures where data are
plotted as a function of concentration, the data points are shown and
the solid line is a least squares fit to the data. 1In the figures
showing data plotted versus viscosity, the points are measured data
while the solid lines are calculated from the least squares fit from
the other figures. The bulk modulus obtained from the above data,
as well as density and viscosity, is used in the analytical model to
enable predictions of wave velocities and attenuations in a sediment

with a pore fluid having the above properties.

A sediment consisting of spherical glass beads mixed with the
above pore fluid was selected for study. Varilous physical properties
of the sediment are listed in Table II. Calculations based on the
work of Hovem9 and Bell8 were made of compressional wave velocity
and attenuation and shear wave velocity and attenuation for the glass
bead sand with variations in viscosity, saturated bulk density, and
bulk modulus due to the changing properties of the pore fluid as the

concentration of glycerin increased.

Measurements of compressional wave velocity and attenuation and
shear wave velocity and attenuation were made in a small sediment tank
16 cm x 30 cm x 20 cm deep. The sediment sample was carefully prepared by
adding demineralized water to the initially dry material, boiling the
mixture, and then subjecting the cooled sediment to a vacuum for 24 hours.
Once the sediment was ready for measurement, the transducers were inserted
into the material and the apparatus allowed to remain undisturbed for
another 24 hours. Acoustical measurements were then made and again the
sediment was allowed to sit undisturbed for another 24 hours, after which
the acoustical measurements were repeated. The above procedure was
repeated until successive shear wave measurements were essentially
identical. Tt was found that the sediment usually stabilized by tha third

or fourth 24 hour interval.




L=
£¥3®
za2”
440w

NOILLNT0S SNOINDV NV NI
NOILVHLINIONOD NIWIOA 1D 40 NOILONNA V SV SNINAOW X1ng
6L 3UN9I4

% M — NOILVHLN3IONOD NIHIOATO

oy of 4> 8z v [0}4 9l 2 8 v 0
T T T T T 7 T T 1T T T T T 7T 17 17T 7170
A2
O\AO
o
o~ JreE
c
O z ¢
O m :
JONQ #
2 m
0 v 3
dez 2 )
@) g R
\ N i
o 5 |
—o¢ °3
4zt
. Jypg
- Try r - » - TR of h.‘wn.“,i. € -4y ¢\k -

o » P e -




Lo g

ALISOJSIA 40 NOILINNA V SV
NIHIIATO 40 NOILNTOS SNOINDY NV 40 SNTNAOW XN
0Z 34NOI4

d% — ALISOOJSIA 3LN10SaY
ve A4 0 81 9t LAl it ot

{ L I T I I { {

TR v T e ;
N SRR 7, ~ AR

1 !
<o <
(o] o~
0,04 X ZWO/UAP — SNINAOW %1N8

{
©
o~

|
o
]

I_f -

et -

ARL:UT
AS-B1-429
DJS - GA
4-16-81

42




H
i
{
5
t
t

TABLE II

PHYSICAL PROPERTIES OF A GLASS BEAD SEDIMENT USED IN ANALYTICAL MODEL

- .

; CALCULATIONS
i Bead Type MH
Y Grain Diameter 1.8 x 10_2 cm
Grain Density 2.50 g/cm3
o 12 2
Grain Bulk Modulus 1 x 1077 dyn/cm
Porosity 0.365
- Permeability 2.713 x 1077 cn’
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mce a set ot acoustical measurements had been marde, the sediment
was removed from the tank, approximately 400 ml of glycecin was added,
and the new mixture was thoroughly stirred. The sediment was again
evacuated to remove entrained air and the acoustical measurement
procedure described above was repeated. After acoustical measurements
were completed for a particular concentration of glycerin, a sample of
the pore fluid was removed from the tank for viscosity and density
measurements. Viscosity was measured at 20°C with a modified Ostwalt
viscometer and density was measured at 20°C with a calibrated 50 ml
pycnometer. The viscosity and density measurements were used to
determine concentration. After successive measurements to a concentration
of approximately 25% glycerin, the sediment was discarded and the whole

procedure repeated as a check with freshly prepared sediment.

Transducers used to make the compressional and shear wave
measurements were similar to those described previously,l] and consisted
of a shear wave bender element mounted so that the plane of the bender
was vertical, and a small compressional wave element near the bender
element. One projector was used with two receivers at different
distances so that attenuation could be calculated from the difference
in amplitude between the signals at the two receivers. Compressional
wave data were obtained at a frequency of 114 kHz and shear wave data
at a frequency of 2.8 kHz. Depth of the transducers in the sediment

was approximately 10 cm.

Figure 21 shows the response of compressional wave velocity in the
sediment to changes in the concentration of glycerin in the pore fluid.
These changes in velocity are due mainly to changes in the sediment bulk
modulus rather than to any dependence on viscosity, In any event, the
predicted curve shows a greater slope than the data. Figure 22 shows
that the same relationship holds true for shear wave velocity except

that the difference in slope is slightly smaller.
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Differences between the theoretical predictions and the data also
appear in the compressional wave and shear wave attenuations. Figures 23
and 24 show the compressional wave and shear wave data, respectively,
compared to the model predictions. 1In these cases, the attenuations

are larger than predicted for both wave types and also have larger slopes

than predicted. It could be conjectured here that the viscous loss
model does not accurately describe the situation where frame losses due to
the lubricating action of the added glycerin can contribute significantly.
For whatever reason, the model did not accurately predict acoustical

1 parameters of a sediment for other than plain water as pore fluid.

Since the purpose of the experiment was to examine the effects of
O viscosity of the pore fluid, the attenuation data have also been plotted
as a function of viscosity and are shown in Figs. 25 and 26. The least
squares fit to the data from Figs. 23 and 24 have also been included for
comparison, replotted for viscosity. It is not proposed here that a

linear fit to the data as a function of glycerin concentration or of

LI viscosity is appropriate since the scatter in the data is too large for

an accurate determination.
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IV. SUMMARY

. During the past year, the ARL:UT sediment acoustics program has

been involved in two areas of work.

1 1. The in situ acoustic measuring system has been reconfigured to é
\j enable concurrent measurement of compressional wave velocity and
‘ attenuation, shear wave velocity and attenuation, and acoustic impedance.
g - The recording instrument and transducers have been successfully tested
in the laboratory and are being prepared for extensive field testing.

2. A laboratory experiment has been concluded to test predictions
of the analytical model developed by Hovem. Viscosity of the pore fluid
in an artificial sediment of spherical glass beads was varied by mixing

R various concentrations of glycerin with water. Results of the experiment
indicate that predictions of the model do not match measured data.
Further examination and modification of the model, plus repeat of the

measurements, are indicated.

Future work under the program will continue to emphasize a balance

between analytical modeling, laboratory measurements, and in situ

measurements to ensure accurate results., Topics to be investigated ]
include: )

. theoretical model development,

. physical scale model development,

1

2

3. investigation of interface waves,

4 investigation of nonlinear acoustical parameters of sediments,
5

examination of Biot's second type compressional wave,

6. investigation of the effects of salinity on sediment acoustical

properties,
. 7. investigation of the relationship between engineering properties

and acoustical properties of sediments,

. e s RS
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8. investigation of the density profile and compressional wave/
"4 shear wave velocity ratio in situ,

9. development of a free-fall sediment acoustic measuring system,
- and

10. development of a shear wave acoustic reflection profiler

system.
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Introduction

The purpose of this appendix is to provide detailed circuit
: descriptions and schematics of the new or revised analog measuring
circuits of the profilometer and the new solid state memory which was

developed to replace the FM magnetic tape recording system. Included

in the analog circuits are (1) a revised pulse generator circuit,

{2) a circuit to measure acoustic impedance, and (3) a circuit to

..;..). Y W .

measure shear strength. 1In the digital category are (1) a controller

and digitizer for the solid state memory, (2) the memory circuits, and
(3) a computer interface to couple stored digital data into the

microcomputer.

Pulse Generator

N Figure 27 is a schematic diagram of the revised pulse generator
) circuit used to drive the acoustic transducers to make both compressional
and shear wave measurements in the profilometer. The original circuit
; operated at its own repetition (200 pps) rate to generate a positive
‘§j going square pulse of the proper length (2.5 usec for compressional
4 waves, 250 usec for shear waves). The new circuit described here is
almost identical except that the repetition rate is controlled by a
trigger input from the solid state memory circuits and generates the
. pulse at a controlled time interval following the trigger. Compressional
ié wave and shear wave circuits are identical except for the RC network used

’ to control pulse width.

Referring to Fig. 27, Ul is a CD4098 dual monostable integrated
circuit, part of which is used to generate a constant delay after the

trigger, and the other, to generate the driving pulse. The trigger
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input to pin 5 of Ul triggers the monostzble oi the trailing edge of

the trigger pulse. A positive going pulse is generated at the Q output

K of the monostable, pin 6. The length of the pulse and consequently the
delay is controlled by Rl and Cl. If no delay is desired, Cl is removed
and pin 2 of Ul is connected directly to +5 V. The delay pulse from
Pin 6 of Ul is coupled into the negative trigger input of the second

. monostable at pin 11 so that the second monostable is triggered on the

trailing edge of the delay pulse. Complementary pulses are generated

at the Q and Q outputs of Ul and are provided to the card edge connector

[EIE SR

for triggering other circuits in the profilometer. Pulse width of the
second pulse is controlled by the time constant of R2 and C2. Values .
shown in Fig. 27 are for a 2.5 usec pulse for compressional wave measure-

ments, Changing C2 to a value of 0.01 uF will provide a 250 usec pulse

appropriate for shear wave measurements.

o The aioutput from the second monostable 1s applied to the base of
transistor Ql, which is configured as a common emitter amplifier. The
- negative going pulse is inverted and amplified from the nominal 5 V

‘f level to a 10 V level and applied to transistor Q2 which is a VMOS power

FET arranged in a source~follower circuit to drive the output. Q3 is

‘ ; an identical power FET used as a switch to connect the output line to

ground when the driving pulse is not applied. Operation in this manner

ii

.§§ reduces ringing in the acoustic transducer.
4
*

Acoustic Impedance Measurement Circuit

The purpose of the acoustic impedance measuring circuit is to

¢ provide a continuous wave (cw) signal to the acoustic impedance trans-

‘ ducer at the resonance frequency of that transducer when it is immersed
in water, and to detect and amplify the analog voltage from the circuits

associated with the transducer which detect the current through the

[T

transducer.

'
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Figure 28 is the schematic diagram of the part of the acoustic
impedance circuit which is in the pressure case while Fig. 29 shows the

schematic diagram for the circuits assoclated with the transducer.

Referring to Fig. 28, Ul is an NE566 function generator integrated
circuit configured to generate a constant frequency, constant amplitude
triangular wave signal at pin 4. The frequency of oscillation is
controlled by the time constant of R3 and C2 and the frequency can be
varied by adjusting R3. The signal is coupled to U2 where it is
amplified and then applied to the transducer cable through R7. The series
resistance of R7 is used to decouple the cable capacitance from the
operational amplifier U2 and thus maintain stability. The analog signal
which is proportional to the transducer impedance is filtered by RS,

R9, and C4 and applied to the operational amplifier U3 which amplifies
the signal by a factor of 10,

In Fig. 29, U4A is used to buffer the signal coming through the
cable from the generating circuit and to drive the transducer element
at a constant voltage level, Rl senses the current through the element
and develops an ac voltage inversely proportional to the impedance of
the element. The ac signal from Rl is rectified by U4B which is an
operational amplifier configured as a half-wave rectifier circuit., The
rectified signal then goes back up the cable to be filtered and
amplified and applied to the recording circuits.

Shear Strength Measuring Circuit

The purpose of the shear strength measuring circuits is to provide
a dc excitation voltage to the strain gauge bridge elements on the
transducer and to measure the resulting bridge output voltage, amplify it,
and provide it to the recording circuits. Figure 30 shows the
schematic diagram of the circuit., SGl and SG2 are metal strain gauges

mounted on opposite sides of a cantilever bar (see Section II.C) used
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to sense the force exerted on a penetrometer body attached to the end of
the bar. The strain gauges are arranged such that forces on the pene-
trometer bend the bar and cause one strain gauge to increase in resist-
ance and the other to decrease in resistance by the same amount. The

two strain gauges form a bridge network with Rl and R2 to detect the strain
gauge resistance changes. The output of the bridge is connected to Ul
which is an operational amplifier connected as a differential input ampli-
fier with a voltage gain of 100. The output of the amplifier is provided

through the card edge connector to the recorder circuits.

Solid State Memory Controller

The solid state memory controller includes circuits to multiplex
six data channels, digitize the analog data, provide chip selects and
address signals to the memory, and provide appropriate timing signals to

control the operation sequence of all the circuit units in the profilometer.

Figure 31 is the schematic diagram of the control and digitizing
circuits. Figure 32 provides a timing diagram of those‘circuits. The
circuits comprise the following individual sections:

(1) recorder on-off control,

(2) clock generator and divider,

(3) input channel multiplexer,

(4) sample-and-hold amplifier,

(5) channel select counter,

(6) A/D converter,

(7) address counter, and

(8) chip select control.

The four sections of Ul5 constitute the recorder on-off control
circuit. A free-fall sensing switch located exterior to the pressure
case 1s connected to the input (pins 1 and 2) of NOR gate Ul5A connected
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as an inverter. The switch is a normally closed magnetic reed switch
which is caused to open when the corer is triggered at the ocean bottom.
While the switch is closed, the input to U15A is low so the output will
be high. The output line is connected to the reset inputs of counters
Ul6 and Ul3 which causes their outputs to be low. The output of Ul5A is
also connected to one input (pin 8) of an R-S flip~flop composed of

U15C and U15D. Since the other input (pin 13) is connected to an output
of counter Ul3, which is held low by the high reset input, the output of
the R-S flip-flop (pin 10) is high. The output of the R-S flip-flop

and the reset line are NOR'ed in U15B and with both inputs high the
output of U1l5B is held low. The output from Ul5B is used to control a
gated 3.2 kHz oscillator composed of Ul4C and Ul4D and associated RC
networks. When the output from Ul5B is low, the oscillator is off and
digitizing and storage of data is inhibited. When the free-fall reed
switch is opened at the start of corer free-fall, the reset line is

caused to go low, which enables counters Ul6 and Ul3 and brings the
outputs of U15B high to enable the 3.2 kHz oscillator. The R-S flip-flop
remains in its initial state. Counter Ul6 divides the 3.2 kHz from the
oscillator and provides the 2 and :16 signals as outputs. These clock
signals are shown at the top of the timing diagram, Fig. 32. The :16
clock pulse is input to the pulse generator in the analog measuring
circuits where the falling edge of the $16 clock pulse initiates the
generation of an acoustic pulse and the resultant measurement of the
acoustic velocities. The :16 pulse is also input to the clock of

l4-stage counter Ul3. The first 10 outputs of Ul3 are used as the address
bus for the digital memory circuits. As a result, each time an acoustical
measurement is initiated by the #16 clock pulse, the digital memory is
advanced to the next location for storage of the six data bytes associated

with each measurement.

The 2 clock pulse from Ulé is inverted by UlBC and supplied as
the clock pulse to decimal counter U3. The outputs of counter U3 are

decoded to provide a single positive going pulse at one of its 10

outputs, starting at Q0 and going to Q9 each time the counter is clocked.
During reset, Q0 goes high. Six of the outputs of U3 (Ql through Q6)
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are used as the channel select signals and are shown in Fig. 32. The
inverted :2 clock pulse going to U3 is also AND'ed with the 3.2 kHz
main clock signal by NAND gates Ul4A and Ul4B to produce the sample-
and-hold enable pulse. When this pulse is high, the sample-and-hold
amplifier samples the level of the selected analog signal and when the
pulse goes low the analog level 1is held constant by the amplifier.

The analog multiplexer and the sample-and-hold gate are implemented
in the two CD4016 analog gate IC's, Ul and U2. The gates operate as

single-pole/single-throw switches controlled by the outputs of U3 and
the sample-and-hold signal. The multiplexer sequentially connects each

é
£
¢
E

of the six inputs to the sample-and-hold switch. Immediately after
each input is connected, the sample-and~hold switch is closed and allows

sampling capacitor C4 to charge to the analog voltage level. U7 is an

A, B3

operational amplifier connected as a X1 gain buffer to keep the load of

following circuits from discharging C4.

As each of the six analog inputs is selected by the outputs of

counter U3, one of six digital memory chips must be selected for storage

of that datum. There are a total of 12 memory chips, two for each of
the analog channels. The data from each channel is stored in each chip
by selecting that chip through a low level CHIP ENABLE (CE) input.
After cycling through the six inputs and six chips, the addresses for

all memory chips are advanced by clocking address counter Ul3, After
a set of gsix chips are filled with data (1024 bytes) all 10 address lines
(Q1 through Q10 of Ui3) will be high, The next clock pulse into Ul3 will
set all address lines low again and set Ql1 of Ul3 high. This action

will select the next bank of six memory chips for storage.

The low going CE pulses are generated from the high going channel
select signals by first NOR'ing the Q11 output from Ul3 in NOR gates
U18B and U18D with the WRITE ENABLE (ﬁﬁ) pulse from the A/D converter
and NAND'ing the result with the channel select signals in NAND gates

U4, U5, and U6. Both the noninverted and inverted versions of the Qll




4
' output of Ul3 are used in this way so that when Ql1 is low, the first
six CE signals are enabled and when Qll is high, the other six CE signals

~ are enabled and the first six are disabled.

After each of the six input channels is selected, a short, low

going pulse is generated which is used to initiate the analog-to-digital

v conversion. The leading edge of the sample-and-hold enable pulse is

applied to the trigger input of monostable multivibrator Ul7?. The 6

e L S 8 ke

output of Ul7 is a low going pulse whose duration is controlled by the
RC time constant of R4 and C3. The output pulse is applied to the
reset input of the analog-to-digital converter (ADC) chip U9 which sets i
, all eight bits of its output low. The start pulse is also applied to

! one input of R-S flip-flop formed by Ul2A and Ul2B and sets the output

of the flip-flop high. This output 1s used as the END OF CONVERSION

(EOC) signal and also as the WRITE ENABLE (WE) signal. When EOC is high,

the ADC is busy converting and output data are not valid.

= The input of the ADC is connected through resistance R7 and R8
'f to the output of the sample-and-hold amplifier. R7 and R8 are used to

* set the calibration of the unit so that 5 V input will produce a digital
-l output from the ADC with all bits high. With zero input, all bits from
the ADC will be low. The input voltage is connected to the noninverting

input of operational amplifier U9 which is configured as a voltage .

comparator. The inverting input of the comparator is connected to the

analog output of the ADC chip. i
i
i

At the start of conversion when EOC goes high, a 500 kHz clock
generator formed by Ul2C and Ul2D is enabled and provides a 500 kHz
pulse string to the strobe input (pin 4 of U9) of the ADC. As the
counters internal to the ADC are incremented by the strobe input, an
internal digital-to-analog converter (DAC) circuit provides a linearly
increasing voltage at the analog output, pin 14. When the ADC output
voltage reaches the same level as the input voltage, voltage comparator
U8 switches 1its output low which resets the RS flip-flop (Ul2A and B)
which in turn disables the ADC clock circuit, stops the ADC counters, and

R L N N e



sets EOC and WE low. The result is that the digital output of the ADC
» counters available on the eight data lines is directly proportional to
the analog input voltage. The WE pulse is then used to store the data

word in an appropriate space in the digital memory.

After 2048 samples of data have been obtained for each of the six
inputs, Q12 of address counter Ul3 will go high. Ql2 is connected to
the reset input of RS flip-flop U15C and U15D. Pin 10 of Ul5 will
) return to a high level bringing pin 4 low and thus turning off the
‘ 3.2 kHz oscillator. With the oscillator disabled, the profilometer

4
- 1 circuits cannot function and operation is effectively halted.

Solid State Memory Circuit

|
- Figure 33 shows the schematic diagram of one of three identical #
memory boards used in the profilometer recorder. Each board carries
four memory chips, which is sufficient for two channels of data. The
data lines (DO through D7) and the address lines (AO through A9) are
& -, connected in parallel to all 12 chips in the memory circuit. The 12 CE

lines are connected to the 12 outputs of the control circuit and to the
CE inputs of the memory chips., The WE line is connected to all 12 chips
and in conjunction with the Ef'signals determines where each digital
datum will be stored.

s § ‘
‘ii Memory Power Supply ;
e
f'# Power for most of the control and digitizing operations is supplied
i by the profilometer power unit. However, the operating time for the
;é “ profilometer main battery is limited to about 18 h; it will also be
- disconnected when the unit 1s lifted out of the water upon retrieval.
';{ If power is lost, all data stored in the memory will also be lost. For

this reason, the memory chips and selected portions of the control

circuitry are operated from a separate battery system.
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Figure 34 is the schematic of the memory power supply. Power is
supplied by a 7.2 V, 1.8 A+h NiCad battery pack. Ql is a silicon
controlled rectifier (SCR) which acts as a power switch and keeps power
to the memory circuits turned off until the unit is deployed. As the
profilometer unit is immersed in the ocean, a saltwater sensor turns on
the main power supply in the profilometer. The +5 V level on the main
power bus turns on the SCR and thus applies power to the memory circuits.
Once turned on, the SCR will remain on regardless of whether the main
supply remains on or not. The battery pack is able to supply power to

the memory for a period of 70 h.

The circuit composed of Q2, R3, D1, D2, Cl, and C2 is a low power
voltage regulator to regulate the battery voltage to the +5 V level
required by the memory chips.

To ensure that data are retained in memory and that minimum power
is used, the CE inputs to all the memory chips must be kept at a high
level at all times except during the actual storage time interval. R4
through R15 are used to ensure that all thinputs are pulled up to the
+5 V supply rail even i1f other parts of the control circuit are disabled.
For the same reason, the memory power supply is used to supply power

to the board that contains the chip enable gates U4, U5, and U6.

Computer Interface

Once the profilometer has been deployed, and has recorded data
and been retrieved, the data must be removed from the digital memory cir-
cuits inside the profilometer and stored in memory inside the minicomputer
unit. To accomplish the transfer of digital data, the two printed
circuit cards containing the multiplexer-A/D converter circuit and the
address counter/channel select counter circuits are removed from the card

cage of the profilometer recording unit, and two other printed circuit
cards, which are attached by electrical cable to the microcomputer playback

unit, are inserted in their place. The new cards generate address and
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chip enable signals under control of the computer to enable the computer

‘ to read the data from the memory chips.

Figure 35 is a diagram of the interface unit. An 18-conductor

flat ribbon cable is connected to the input-output connector of the

MPU board of the microcomputer. The interface part of the microcomputer
consists of a peripheral interface adapter (PTA) chip which has two
programmable 8-bit data buses and four control lines. The data buses

are labeled PAO through PA7 and PBO through PB7 and the control lines

are CAl, CBl, CA2, and CB2. The buses and control lines can be programmed

by the computer as either inputs or outputs. In this case, the PA bus

veed Made

is programmed as inputs to read the memory data bus in the profilometer

and the PB bus is programmed as outputs to generate the chip enable

signals for the profilometer memory chips. Since there are not enough
data lines available to also generate the address signals, a CD4040
counter controlled by the CA2 and CB2 lines is used.

L3 Operation of the microcomputer is explained in more detail in

Appendix B.




"4
r———=——==—=—==—— 'l
| ADC SLOT No 3 i :
~ | 86
| ____f'? s
| © B4
' -0 85
- -0 83 .
DATA
= , 0 A3 gys
! l -0 A4
]
: ' -0 AS
4 A | ? A
1 ' -0 A7
* =0 A8 WRITE ENABLE
B 1 i
b e e e e - - ——— 4
[ T S e e S e m— e —— ']
C ‘ ADDRESS GENERATOR SLOT No.2|
-0 B)4 CH1 SELECT
D ! -0 813 CH2 SELECT
: o B CH3 SELECT
E o B10 CH4 SELECT
: ~0 815 CHS SELECT
F ' -0 812 CH6 SELECT
: -0 A3 BANK SELECT
oW ol |
| he
(T R 1 e—— | :
PAl ) Ore————cmmm X : Vee aQl 9__..? A9
PBI 80— 20 | —clock Q2 P——o 83
PA3 L O= z | n 05-1—-? 87
PB3 100 22 } CD4040 ool——? B8 ADORESS
PAAM O A ! Q7L_<'> 86 BUS
PB4 110 23 I " Qe E—ﬁ’ AS
PASN O= P ] pmreser @9 o a6
P85 120 24 | QIofmo a4
- | GND !
PAG P O= c | 2 > A2
P86 130 25 { L I 82
PA7 R O= =k =
C82 16 O
CA2T O=

FIGURE 35
SCHEMATIC DIAGRAM OF THE MICROCOMPUTER TO MEMORY INTERFACE BOARD
77 :24'5:1'3’51;1
DJS - GA

6-6-81




APPENDIX B

RRNEE o e

i s s - b

v-

M P s praoee s, T Pavrs.



a

Lo

PO XU PR v
¥ B 41
pome o ' Y AR Y

~

M R S

, - poieliie 4

Introduction

The microcomputer unit used with the profilometer acoustical
measurement system is built around a Motorola MEK6800D2 evaluation kit.
The kit consists of a complete microprocessor unit (MPU) on a finished
printed circuit board with a hexidecimal keyboard and associated
readout. The microcomputer unit was completed by adding a power supply,
a 16-kilobyte static memory board, and an input-output board. The
input-output board enables the computer to digitize 8 channels of data
and to provide signals to an X-Y plotter so that data stored in memory
can be plotted. Only the memory board and the input-output board will
be explained in detail. A detailed explanation and schematic for the
MPU board can be obtained from the Motorola MEK6800D2 manual.

Figure 36 shows a photograph of the complete microcomputer unit

with the top cover removed and the card cage raised to the test position.

Memory Board

Figure 37 is the schematic diagram of the microcomputer memory board
which implements a l6-kilobyte static memory. Ul through U32 are type
2142 static memory chips comprising 4098 bits organized as 1024 4-bit
words each., A total of 32 chips are used to implement the 16 kilobytes

of memory.

The 8 data lines (DO through D7) and the first 10 address lines
(A0 through A9) from the MPU board are connected im parallel to all 32
of the memory chips to form an 8-bit data bus and a 10-bit address bus.
The next 3 address lines (A10, All, and Al2) are decoded by a
3 line-to-8 line decoder, U33, to enable the selection of appropriate
chips. The top 3 address lines (A13, Al4, and Al5) are decoded on
the MPU board and provide the 2/3 and 4/5 selection signals to select
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either of the two 8K pages of memory. The READ/WRITE (R/W) signal
controls the writing of data into the memory chips and is connected to

the WRITE ENABLE (WE) inputs.

Input~Output Board

Figure 38 is the schematic diagram of the microcomputer input-output
! board which is used to input analog data to the microcomputer and to output

analog data to an X-Y plotter from the computer.

The MPU board of the microcomputer has two 16-bit parallel interface
' connections implemented with MC6821 peripheral interface adapters (PIA).
.'»1 One of the ports is dedicated to the keyboard/display circuits and the
other is avallable for user access. This second port is used for connection
to either the interface circuit (see description in Appendix A) or to the
input-output board. The port connections of the PIA can be controlled by
the MPU to be either an input or an output. For use with the input-
output board, 8 of the parallel lines (PAO through PA7) are programmed to
. be the data port and are set up to be inputs or outputs, depending on
‘ M direction of data flow. The other 8 lines (PBO through PB7) are set up

SRS TR I 2o N e 0 e M B 20 e, TR - LN I AR

as outputs to control the various circuits on the input-output board.

PR

Ul is an 8-input multiplexer under program control through PB5,
PB6, and PB7, which select the analog input channel to be digitized.
UZ is an operational amplifier which, in conjunction with C3 and the

multiplexer, operates as a sample-and-hold amplifier to hold the

-l

analog signal constant during the digitization process. U3 is an 8-bit
analog-to-digital converter module with an internal clock., The A/D

% Y SN LN

process is started under program control through PB4. After the input
signal has been digitized and the digital output of U3 is stable, the

JWE 2

PN

o MPU is signaled through the end of conversion line (EOC) CBl which

' serves as an interrupt line to the MPU. U4 and U5 serve as interface

-

buffers with 3-state outputs to enable bus operation on the board. The

data output to the data bus from the ADC is enabled under program control

-
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through PBO. U9C is an inverter for the most significant data bit
(MSB) to change the straight binary output of the ADC to a 2's complement
output which is compatible with arithmetic operations of the MPU.

When the board is used for an output, the data are routed to the
digital-to-analog converter module U6, The sample-and-hold amplifiers
are used to store the X and Y coordinates for the X-Y plotter during
the pen relocation time of the plotter. The sample-and-hold amplifiers

are under program control through PBl and PB2.

There are two direct digital lines from the MPU through PB3 and CAl.
The CAl line is used as an interrupt line from a front panel switch to
control the time the MPU starts digitizing data from the inputs. The
PB3 signal allows the MPU to control pen up or pen down positions on the
X-Y plotter.

86

1 4 AT SN Bita o




APPENDIX C

- .. T, U O P g RIS NS S F ’ WX gy e
” . Bt ' - T _ v . = .#?xﬂi-l‘ “ LS .wh,




e -

o -

1. Introduction

The software to enable the microcomputer to operate in the appropriate

modes to digitize data, to plot data, or to extract digital data directly
from the profilometer is contained on 2 ultraviolet erasable programmable
read only memories (EPROM) on the MPU board. Computer printouts and flow
diagrams of the programs are included in this Appendix. Section II contains

instructions for setting up and running the programs.

ITI. Profilometer Microcomputer Unit Programs

A. Use with magnetic tape system

l'

Attach BNC cable from Profilometer Playback Unit
acceleration channel to input channel 1 on microprocessor
front panel; from time delay channel to input 2; and from
amplitude channel to input 3.

Connect cable from X-Y plotter output on back panel of
microprocessor to plotter input.

OPTIONAL: To monitor X and Y outputs from microprocessor,
connect BNC cables from microprocessor output chanmnel 1 (Y)
and channel 2 (X) to storage oscillloscope.

Turn on microprocessor. DASH prompt will appear on left
side of display.

Enter program constants:

(1) Enter 0000. Punch "M".

Now enter desired x axis parameter according to the

following table.

01 - Acceleration
02 - Time Delay
03 - Amplitude

04 - Velocity




.; 05 - Depth
06 - Time
07 - Sound Speed
(2) Punch "G". Address "0001" appears. Enter y-axis

parameter as in Step 5(1).
(3) Punch "G". Enter A/D sample period (16-bit hexadecimal
: number greater than zero). At address "0002" enter most
} significant 2 digits of sample period.
’ (4) Punch "G". Enter least significant 2 digits of sample
p period. A/D sample period is found by the following
:,; formula:
& Sample period = (13 usec x N1) + 295 usec,
;i where N1 is the hexadecimal number entered into 0002 :
and 0003. Total A/D time is given by: ' 1
5 A/D time = (13 psec x N1) + 295 usec x 2048 bytes. .
‘ Solving for N1 yields:
N1 = [A/D time (sec)/2048] - 295 usec
% -, 13 usec '
W*; This gives N1 in decimal, which must be converted to
'_ hexadecimal before entering into memory.
- (5) Enter D/A sample period into locations 0004 (most
'; significant byte) and 0005 (least significant byte).
’;i D/A sample period is given by:
2?: Sample period = 13 usec x N2 + 255 usec.
-5,
I D/A time varies depending on whether or not the
h y x axis represerts time.
)
33 A good value for N2 is 1500.

6. Program is now ready to run.

. O
oot r_d..

(1) Punch escape "E".
(2) Enter "eN00".
(3) Punch "G".

L4
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Program is now initialized and waiting for an interrupt
to start digitizing. Just before the area of tape to be
andlyzed passes by the read head of the playback unit,
punch MANUAL INTERRUPT on front panel. Program will stop
at 603D when it 1s through digitizing., Memory changes
made:

1. Locations 2000 - 27FF: Acceleration

2. Locations 2800 - 2FFF: Time Delay

3. Locations 3000 - 37FF: Amplitude .

Acceleration is normalized by taking the average of the

last 64 bytes = 0,

To check the contents of these locations.

(1)
(2)

(1) Punch ESCAPE.
(2) Enter address to be examined (2000 above, e.g.).
(3) Punch "M". Contents of that particular memory

location will be displayed.

Punch ESCAPE.

Enter 603E. Punch "G". Program will now integrate
acceleration to get velocity, integrate velocity to get
depth, and invert time delay to get sound speed. Memory

changes:

1. 3800 - 3FFF: Velocity

2. 4000 - 47FF: Depth

3. 4800 - 4FFF: Sound Speed

4. 0006 - DVCNT1l: Number of times acceleration was divided

by 2 to get velocity,

5. 0007 - DVCNLT2: Number of times velocity was divided
by 2 to get depth.

6. 0008 - SCNT: Number of times sound speed was multiplied
by 2 before plotting. Scale on the sound speed plot

is found from

SS = ($FFFF/td) x 2%

)
) e > Xy e e W e
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where
i Ss
; td

I

Sound Speed,

Time Delay, and
Shift Count (SCNT).

2z
]

The last 3 values above (DVCNT1, DVCNT2, SCNT) should be

noted on the plots. These are necessary to determine

scale and will usually be different for each profile.

Data can be plotted now.

(1) Punch ESCAPE.

{(2) Enter 607B. Punch "G". Program will stop at 60AA.

9. Any other parameters can be plotted now by punching ESCAPE,

" entering new values into location $0000 and $0001 (Steps 5(1)

bt
o]
.

SN Y VIV SR

and 5(2) and repeating Step 8.

B B. Use with solid state memory system

1. After data have been recorded in the recording unit, be sure

3 that during retrieval of the unit from the corer that the

switch cable is unplugged and that a blank cover is installed
on the waterproof connector.

2. Remove recorder unit from the pressure case and place on a
workbench near the microprocessor unit. Attach bench test

switch cable with switch in the OFF or center position.

Y ee.

Check that main battery voltage 1s at least 12 V.

.L;'.‘.{‘.t P IR

3. Attach the interface cable to the IO port on the MPU board 4

T A e

in the microprocessor unit.

[
E
.

Remove board 2 (address generator board) and board 3

(ADC board) and plug the interface into the two open slots

o 2

: of the profilometer unit.
e 5. Turn on power to the microprocessor unit and wait for "DASH"
' prompt signal to appear on the microprocessor readout.
i 6. Turn switch on profilometer recorder to P/S.

7. Enter CO00 into address space of microprocessor and

push the "G" button.

?
27 -
-

-
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8.

10.

11.

Data will then be extracted from the profilometer recorder
unit and CO048 will appear on readout. The following address
spaces will contain the listed blocks of data:

2000-27FF Channel 1 data
2800-2FFF Channel 2 data
3000-37FF Channel 3 data
3800-3FFF Channel 4 data
4000-47FF Channel 5 data
4800-4FFF Empty

The data blocks should be stored on a magnetic tape via the

MPU cassette interface to ensure that the data are not lost.

gL

Next enter CO7B and push "G" button. The acceleration data will

be normalized (last 64 bytes averaged and the average value

subtracted from all the data to ensure that the acceleration
at rest is zero), then integrated twice to get depth. This

process 1s similar to that in Section II.A., The address of

DVCNT1 is 0007 and of DVCNT2 is 0008. Data are stored in

memory as follows:

2000-27FF CH 1 Acceleration
2800-2FFF Ch 2

3000-37FF Ch 3

3800-3FFF Ch 4

4000~47FF Ch 5

4800-4FFF Velocity
5000-57FF Depth

Data can now be plotted as in Section II.A except that the
address of the beginning byte of data to be plotted on each
coordinate must be entered directly in memory as follows:
(1) Enter 001C and push "M",

(2) Enter MSB of x axis starting data address (for example,
to plot with depth as x axis the starting address would
be 5000, so 50 would be entered in 001C).

(3) Push "G"; address 001D will appear in readout.
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(4)

5)
(6)
(7
(8)
¢

(10)

1y

Enter LSB of x axis starting data address (for above
example, 00).

Push "G"; address 001lE will appear in readout.

Enter MSB of y axis address.

Push "G"; address 001F will appear in readout.

Enter LSB of y axis address.

If data are to be plotted with time as the x axis,
enter 0000 in steps 2 and 4.

Push "E" and enter CIOE in address after prompt dash
appears.

Push "G"; data will be plotted on X%X-Y plotter.
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CLEAR INTEGRATION
OVERFLOW COUNTS
DVCNT1, DVCNT2

CLEAR 1X2

]

CLEAR INTERRUPT FLAG
WAIT FOR INTERRUPT
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DIGITIZING?
I1X = $400?

YES

LOX INDEL, JSR DELAY

. |

o e

6034 Y
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]
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; 3
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“'J DEPTH K]
. ) { DVCNT2—-*DIVCNT i
L
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| ¢
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» SET PIA QUTRUTS :
Y |

LDA A XSEL ;
JSR SELBLK TO SELECT i

X COORDINATE ;

. STORE RESULT IN XSCRCH '
’ ]

; CHOOSE Y COORDINATE
p SIMILARLY

- 6089 ¥
= INITIALIZE PEN

o POSITION
- ‘

CLR IX

STX I1X2

6091
= OUTPUT 1 X VALUE

. ¥
. OUTPUT 1Y VALUE

DELAY

¥ v

INC 1X2

I1X2 < $400
?

LIFT PEN

"
')

it

v ARL:UT
AS5-81-867
MAIN PROGRAM (Cont'd) e aen k
. K 125
:
‘B
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CLR CONTROL REGISTER B
IN PIA

STORE $FF IN DATA
DIRECTION REGISTER B

)

$14—>CR8B

1

CLRCRA

y

CLR DDRA

3

$15—CRA

L3

INITIALIZE ALL
SOFTWARE INDEX
REGISTERS

RETURN

SUBROUTINE INSET

P

> PIA B = OUTPUT

AY

> PIA A = INPUT

- <




LDX #$2000

|

CLRA

"-w

STAAQD,X

wend _Aad.

RETURN

SUBROUTINE CLRMEM




.

vead _AdA

R P R

L

LDX ACCIX
{SSIX)
[AMPIX]

y

LDAA #$1E
(#$3E), [#86 E]

y

STA A PERIPHERAL
REGISTER B

y

LDA A #$06
(#$26), [#$46]

)

STA APRB

1

LDA A PRA

1

STAAOD, X

k)

INX

v

STX ACCIX
(SSIX)
[AMPIX]

RETURN

SUBROUTINES A2D1,

(A2D2), [A2D3]
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R N VI

»

ey

.

s
- ¥,

CLR AVGLSB, MSB

¥

LDX WITH END OF
ACCELERATION DATA +1

LDAB #64

2

DEX

]

LDAAO X

k]

ADD TO AVG LSB

CARRY NO
CLEAR
?

YES

|
|
|

" ADD

[ TOGETHER

. LAST 64

| ACCELERATION

H
INC AVG MSB DATA

v

|

DECS8

B=0 SN0

|

?
YES

LDA B #06

2

LSR AVGMS8

v

ROR AVGLSB

|

DECB

B=0 ~N0

DIVIDE
- RESULT
BY 64

1
i!
l

?
YES

LDA B AVGLSB

RETURN

0

SUBROUTINE AVG
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Ju - - —rrer— . . - -
T —y ~r - o
' - D NS . RN PN ML S AP e - ‘

' <
: k
|
; L
P '
, ﬁ
1
{
; LDX #ACCBLK
3 j r_:
N
' LDAAO, X :
! SUBTRACT AVERAGE
FROM REGISTER A
. STAA 0, X
- INX
-
: NO
y .f‘f YES
3 RETURN
&
-4
4
SUBROUTINE NORM
@
N
e

ARL:UT
AS-81-862
RTT -GA
8-3-81
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! ) N
. R .~w»aﬂ‘m&!ﬁ‘wm o
{
STX 1X2
y $5000 - |X16
‘ ‘ LDA B DIVCNT
. LDX X2
1 SHIFT REGISTER A
LDA A 0, X R}HT
. NO | DEC B
i @
; YES YES B-0 NO
¥ ?
1 SHIFT REGISTER A LEFT
o~
- LDA B #$FF

O
-
D
w

ROR A

) k2

: INX

) 2
& STX IX2

3

& LDX 1X16

]

STA B 0, X (MOST
SIGNIFICANT BYTE)

]

INX

y

STA A 0, X (LEAST
SIGNIFICANT BYTE)

K ]

= INX

£ SUBROUTINE MOV18 8-3-81




!
‘ 3#
"q
i
]
4 1
1
5
Y
A
STX IX16 \
-1
: |
! 3
- 1X <$6000 .
i
. NO
- RETURN } -
o 1

SUBROUTINE MOV16 (Cont‘d)




LDX #$6000

v

T STX IX16

@~

j=}
m
x
F'S

-

O
r~
b o)
w

PR

K1l

LDA A 3, X (FIRST LEAST
SIGNIFICANT BYTE)

Y VY

~d
Xl‘-
2

- ADD A 1, X (NEXT LEAST
“ SIGNIFICANT BYTE)

O
>

LDA A 2, X (FIRST MOST
SIGNIFICANT BYTE)

L 3 J
‘ ADC A 0, X (NEXT MOST
SIGNIFICANT BYTE)

YES

. OVERFLOW
y ?

¥ 3 NO 4
STAAOQ, X LDA B #$FF

2y
p v

DEX 2

1X < $5000
?

YES

RETURN

v SUBROUTINE INTGRT ATT - GA
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——

DY IV S

V

PIN

A‘.‘.“.t IR

.

STX IX2

#$5000->1X > 1X16

'g,—

LDAAO, X

v

INX 2

STX I1X16 (ORIGIN)

K |

LDX 1X2 (DESTINATION)

v

STAAOQ, X

v

INX

|

STX IX2

v

LDX 1X16

?

RETURN

SUBROUTINE MOV16 B
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L
:«_
L g
CLEAR PIA CONTROL 3
REGISTERS ;
#$FF—DDRA, DDRB 3
A #$17->CRA :
a #$14—CRB :
‘ 4
#$80-> XTOUT
i
SUBROUTINE OUTSET
) 3
) 1
» +

ARL:UT
AS-81-867
RTT -GA
8-3-81
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ouTXx

LDA A XSCRCH (MOST
SIGNIFICANT BYTE)

YES

l

LDX XSCRCH

LDA A XTOUT

Y

LDAAOQ, X

INC XTOUT

INX

STX XSCRCH

6207 * ouTIX

STA A PERIPHERAL
REGISTER A

]

#$08B > PRB

v

COMO, X 4 TIMES

)

#$0F > PRB

RTS

} DELAY 28 CYCLES
= 46 usec

SUBROUTINES OUTX, OUT1X
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o aai

”»

\
L&
‘.

6215 ouTY
LDX YSCRCH

v

LDAAO, X

LDA B XSCRCH (MOST
SIGNIFICANT BYTE)

{X-AXIS = TIME?}

IX2=1X2+8

v

YSCRCH = YSCRCH +8

i

YSCRCH = YSCRCH + 1

6238 l QuUT1Y

STA A PRA

Y

#$0D —> PRB

¥

COMO, X 4 TIMES

Y

#$0F >PRB

RTS

(DELAY 46 usec)

SUBROUTINES OUTY, OUT1Y
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QuUTIXU

STA A PRA

¥

#03+PRB

I PENUP

COM 0, X 4 TIMES

#07>PRB

QuTtvyu

STA A PRA

L ]

#05—>PRB

¥

COM 0, X 4 TIMES

Y

#07->PRB

RTS
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SUBROUTINES OUT1XU, PENUP, OUTIYU




Po—

=

LDA A XSCRCH (MOST
SIGNIFICANT BYTE)

A=0?
(X = TIME?)

YES

LDX XSCRCH LDA A #$80

¥

LDAAO, X

24

E BSR OUTIXU
v |
LDX YSCRCH

o LDA A 0, X
BSR OUT1YU

v

a LDX #S$FFFF

¥
' !
d JSR DELAY

"

XN

SUBROUTINE PNSTRT




R
|
o
i
-4
i
-
) . LDX LDTBL -2 FOR XKDIVD
1 FLOWCHARTS,
: SEE MOTOROLA
; APPLICATIONS
j INX 2 MANUAL
' 1 DECREMENT A
-
! YES
LDX 0, X
= RETURN
) LDTBL 2000
2800
i 3000
g 3800
x4 4000
h t» 0000
&4 4800
- ¢
< ; T SUBROUTINE SELBLK
"y
ARL:UT
AS-81-87
RTT-G
8-3-81
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e b -

D e Ak

s

i A..{‘.:. Jh-'; S

.

=
E
&
¥

#$2800+SSIX

K

LOX # $5000

4

w
-
x
x
-
-]

o

-
[=}
x
g
x

o+

4 B

>
o
o
>
%
-4
o

=

=

(7]
—
x
|4
x

=

STA

)

XKDVSH

o

#SFFFF—+XKDVND

o

JSR XKDIVD

N

Ll

o

X1

x

16

-

LDA A XKQUOT (MOST
SIGNIFICANT BYTE)

n

[/}
pet
>
>
o
x

o 2 o

LDA A XKQUOT + 1 {LEAST
SIGNIFICANT BYTE)

]

STAAQ, X

SUBROUTINE INVERT
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LDX #$5000
! Y
<: #$5000->1X 16
LDX 0, X (FIRST
: RESULT)
_ i STX BIGGST
j LDX IX16
8
i
IX > #$6000 s
- ? [ ]
’ NO LDA B #S$FF
_ .-1 INX 2 ]
B ¥ CLEAR CARRY
' STX IX16 ]
" - ' LDA A BIGGST
4 LDX 0, X I
INC B i
H YES '
¥ ARITHMETIC
- 4 NO SHIFT LEFT A
-
% STX BIGGST

STA B SCNT
(SHIFT COUNT)

9

SUBROUTINE INVERT (Cont‘d)
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!

LLX # $5000

]

LDA B SCNT

LDX #$4800

v

JSR MOV 168

v

LDA B #$80

2

LDX #$4800

"3

LDA A 0, X

K )

REGISTER A = REGISTER A + $#80

3

STA O, X

v

INX

?

RETURN

SUBROUTINE INVERT (Cont'd)
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U SR

’
vemd. . Add

Cal .

_.

Lﬁt T T

v~ SRl

] r w:.o L2

CLRB

LDX # SCR16 {$5000)

ﬂ

ASL 1, X (LEAST
SIGNIFICANT BYTE

)

)

ROL 0, X (MOST
SIGNIFICANT BYTE)

LDAB O, X

J

INX 2

?

NO

LDX #SCR16

2

LDAADO, X

Y

SUB B FROM A

K |

ADD $7F TO A

K

STAA O, X

INX 2

RETURN

SUBROUTINE FUDGE
144
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[

SET UPPIA'S
PlA A = INPUT
PIA B = OUTPUT

L e

I

145

CA2,CB2 = OUTPUT r — ';
‘ STORE
REGISTER A
STORE #$2000 IN INTO INDEXED
INDEX REGISTER MEMORY
STORE #01IN INCREMENT
REGISTER B INDEX
REGISTER
CLEAR COUNT CLEAR
REGISTER C PlA B
CLEAR COUNT
REGISTERS STOP
AAND B .
"3
ET CB2 4
SH.GH INCREMENT i
COUNT
¥ REGISTER A
DELAY 2 psec
¥ COUNT
REGISTER A = #00 COUNT NO
SET CB2 y REGISTER C - #02 :
LOW
' IN((::FO\EJ%$NT SET CA2 LOW ;uarn ACT
LOAD REGISTER 8 $40 FROM
REGISTER B l REGISTER B ]
INTOPIA B
‘ DELAY 2 lisec { 4
COUNT SHIFT
LOAD REGISTER B = #04 REGISTER B
PIA A INTO ? SET CA2 HIGH LEFT
REGISTER A
i YES
INCREMENT
ADD #$80 TO COUNT “.‘a’e"sﬁr‘éﬁ?
REGISTER A REGISTER C
ROUTINE EXTRCT
ARL:UT

A8-81-877




e et o

s
-

>
" an

.; 'ﬁ‘x.‘ ; ‘.~t."

-3

» -

$0006 DVONT

$0007 DVCNT?

$0008 DVCNT2

$0009 INTSCH

$000A, 0008 BEGADR
$000C, 000D ENDADO
$000E, 000F ENDADO
$0010, 0011 IXSCH1
$0012, 0013 IXSCH2

B8EGADR + 1 = BEGINNING ADDRESS
OF OUTPUT BLOCK

ENDADI = ENDING ADDRESS
OF INPUT BLOCK

ENDADO = ENDING ADDRESS OF
QUTPUT BLOCK

INTSCH = TEMPORARY STORAGE FOR
INTEGRATED DATA BYTE

(s )

AVERAGE LAST
64 BYTES OF
ACCELEROMETER
DATA (CHANNEL 1)

1

v

NORMALIZE
ACCELEROMETER
DATA

¥

PUT #$47FF IN
BEGADR
PUT #$27FF IN
ENDAD!
PUT #4FFFIN
ENDADO
puUT #7FIN
INTSCH

INTEGRATE DATA
IN $2000-$27FF
AND STORE IN

$4800-$4FFF

1

STORE DVCNT1
IN DVCNT2

v

PUT #$4FFF IN
BEGADR
PUT #4FFFIN
ENDADI
PUT #$57FF IN
ENDADO
PUT #7FIN
INTSCH

v

INTEGRATE DATA
IN $4800-84FFF
STORE IN
$5000-$67FF

v

STOP

ROUTINE INTMAI
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SUBROUTINE AVG

SUBROUTINE NORM

SUBROUTINE INT

SUBROUTINE INT

g
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. ‘ ﬁ 1 ﬁ 15
INT ADD ADD #$80TO LEAST
; REGISTER B REGISTER A SIGNIFICANT
. TO REGISTER A i BYTE = #00
! CLEAR ?
: DVCNT1 YES
n F
REGISTER A DECREMENT
OVERFLOW 16 IXSCH2
s ?
‘ FROM LOAD INDEX S'G'SS'TCE““T
N ENDADI REGISTER
i FROM 8 ‘
! { DECREMENT IXSCH2
‘ INTSCH
4 LOAD i DECREMENT
1 IXSCH2 INDEX
' FROM RE é@?gﬁ B REGISTER
- ENDADO
R . FROM
B { stcn? #s$80 Ryl
. CLEAR YES ¥ nsetsT'ENnDEgecADR N
REGISTER A STORE ;
- INCREMENT REGISTER B
o '_—"i 12 DVCNT1 IN INDEXED
- MEMORY
| LOAD I LOCATION
DVCNT ‘ RETURN FROM
. FROM SUBROUTINE
DVCNT1 DECREMENT .
‘ IXSCH1 4
% LEA%T
SIGNIFICANT
. LOAD INDEX
o REGISTER BYTE
“ FROM
: IXSCH1
' l LEAST
- . SIGNIFICANT
e LOAD BYTE; #00
v REGISTER B
- FROM INDEXED YES
_ j LOCATION
& DECREMENT
i ‘ IXSCH1
; MOST
. SIGNIFICANT
BYTE
‘ ) |7H
¢
N DECREMENT
. SHIET IXSCH2
; REGISTER B LEAST
- RIGHT SIGNIFICANT
. J 8YTE
- v 1
DECREMENT
DVCNT
g 2
;
ARL:UT
: AS-81.879
& SUBROUTINE INT RTT-GA
§ 8-3-81 :
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APPENDIX D




ONR CODE 480 PROGRAM
DOCUMENTATION

S. R. Addy, F. W. Behrens, T, R. Haines, D. J. Shirley and J. L. Worzel,

"Correlation of Some Lithologic and Physical Characteristics of Sediments
with High Frequency Subbottom Reflection Types," Proceedings of the 1llth

Annual Offshore Technology Conference, Houston, Texas, 30 April -

3 May 1979.

A. L. Anderson, "Acoustics of Gas-Bearing Sediments," Applied Research
Laboratories Technical Report No. 74~19 (ARL-TR-74-19), Applied Research
Laboratories, The University of Texas at Austin, May 1974.

A. L. Anderson and L. D. Hampton, "In Situ Measurement of Sediment
Acoustic Properties During Coring," presented at the ONR Symposium on
Physical and Engineering Properties of Deep-Sea Sediments, Airlie House,
Airlie, Virginia, 24-27 April 1973.

A. L. Anderson and L. D. Hampton, 'Measurement of In Situ Acoustic
Properties During Sediment Coring," presented at the ONR Symposium on
the Physics of Sound in Marine Sediments, Lakeway Inn, Austin, Texas,
8-10 May 1973.

A. L. Anderson and L. D. Hampton, "A Method for Measuring In Situ Acoustic
Properties During Sediment Coring,'" in Physics of Sound in Marine Sediments,
edited by Loyd Hampton (Plenum Press, New York, 1974).

A. L. Anderson and L. D. Hampton, "In Situ Measurements of Sediment
Acoustic Properties During Coring,'" in Deep-Sea Sediments, Physical and
Mechanical Properties, edited by A. L. Inderbitzen (Plenum Press,

New York, 1974).

A. L. Anderson and L. D. Hampton, "Acoustics of Gas-Bearing Sediments.
Part I: Background," J. Acoust. Soc. Am. 67, 1865-1889 (1980).

A. L. Anderson and L. D. Hampton, "Acoustics of Gas-Bearing Sediments.
Part II: Measurements and Models," J. Acoust, Soc. Am. 67, 1890-1903
(1980).

A. L. Anderson and L. D. Hampton, "Use of Tubes for Measurement of
Acoustical Properties of Materials," presented at the 89th Meeting of
the Acoustical Society of America, Austin, Texas, April 1975.

A. L. Anderson, R. J. Harwood, and L. D. Hampton, "Temperature Studies
on Lake Travis Stratification in a Warm Monomictic Reservoir," The
Texas Journal of Science XXVI, Nos. 3 and 4, 353-371 (1975).
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»n

. W. Bell, "Shear Wave Propagation in Unconsolidated Fluid Saturated
Porous Media," Ph.D. Dissertation, The University of Texas at Austin,
May 1979. (ARL-TR-79-31, May 1979)

D. W. Bell and D. J. Shirley, "Temperature Variation of the Acoustical
Properties of Laboratory Sediments," J. Acoust. Soc. Am. 68, 227-231
(1980). (ARL-TP-80-1, January 1980)

L. D. Hampton, "ARL Experience with Acoustics and Gas in Sediments," pre-
sented at Symposium on Natural Gases in Marine Sediments and Their Mode
of Distribution, The University of California Lake Arrowhead Conference
Center, Lake Arrowhead, California, 28-30 November 1972.

L. D. Hampton and A. L. Anderson, '"Acoustics and Gas in Sediments:
Applied Research Laboratories (ARL) Experience," in Natural Gases in
Marine Sediments, Marine Science Vol. III, edited by Isaac R. Kaplan

(Plenum Press, New York, 1974).

J. M. Hovem, "Some Aspects of Sound Propagation in Saturated Sand,"
presented at the Seminar on Bottom Effects in Underwater Sound Propagation, .
Miami, Florida, 26-28 April 1979. .

J. M. Hovem, "Finite Amplitude Effects in Marine Sediments," presented
at the Conference on Underwater Applications of Nonlinear Acoustics,
University of Bath, Bath, England, September 1979. (ARL-TP-79-41,
June 1979) (ARL-TO0-79-7, September 1979)

SR e i,

J. M. Hovem, "Viscous Attenuation of Sound in Suspensions and High
Porosity Marine Sediments," J. Acoust. Soc. Am., 67, No. 5, 1559-1563 (1980).
(ARL-TP-79-62, September 1979)

R ™

J. M. Hovem, "The Nonlinearity Parameter of Saturated Marine Sediments,"
J. Acoust. Soc. Am. 66, 1463-1467 (1979). (ARL-TP-79-17, rev.,
May 1979)

J. M. Hovem and G. D. Ingram, '"Viscous Attenuation of Sound in Saturated
Sand," J. Acoust. Soc. Am. 66, 1807-1812 (1979). (ARL-TP-79-35,
April 1979)

A. C. Kibblewhite, "Attenuation of Underwater Sound of Low Frequencies,"
Applied Research Laboratories Technical Report No. 76-1 (ARL-TR-76-1),
Applied Research Laboratories, The University of Texas at Austin,
December 1975.

D. J. Shirley, "Final Report under Contract N00014-~70-A-0166, Task 0005,"
Applied Research Laboratories Technical Report No. 72-6 (ARL-TR-72-6),
Applied Research Laboratories, The University of Texas at Austin,

January 1972.
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-4 D. J. Shirley, "Interim Technical Description of the ARL Compressional
Wave In Situ Core Profilometer," Applied Research lLaboratories Technical
Memorandum No. 74-9 (ARL~TM-74-9), Applied Research laboratories, The
University of Texas at Austin, March 1974,

D. J. Shirley, "Calibration Manual for ARL Profilometer," Informal
Memorandum, July 1974.

D. .I. Shirley, "Fine Structure of the Sound Speed Profile in Ocean Bottom
Sediments from In Situ Measurements,' presented at the 89th Meeting of
the Acoustical Society of America, Austin, Texas, 8-11 April 1975.

D. J. Shirley, "Transducer for Generation .nd Detection of Shear Waves," ]
ARL Invention Disclosure, September 1975,

d

¢4
e M

D. J. Shirley, '"Determination of the Acoustic Properties of Deep Ocean
Sediments from In Situ Profiles," presented at the 92nd Meeting of the
Acoustical Society of America, San Diego, California, 16-19 November 1976.

D. J. Shirley, "Acoustic Impedance Measuring Device for Marine Sediments,"
presented at the 93rd Meeting of the Acoustical Society of America,
Uiniversity Park, Pennsylvania, 6-10 June 1977.

D. J. Shirley, "Laboratory and In Situ Sediment Acoustics,' Applied
Research Laboratories Technical Report No. 77-46 (ARL-TR-77-46), Applied
Research Laboratories, The University of Texas at Austin, August 1977. ;

: D. J. Shirley, '"Method for Measuring In Situ Acoustic Impedance of Marine
N Sediments," J. Acoust. Soc. Am. 62, 1028-1032 (1977). (ARL-TP-77-19,
. May 1977)

D. J. Shirley, "An Improved Shear Wave Transducer," J. Acoust. Soc. Am.
63, 1643-1645 (1978). (ARL-TP-77-39, December 1977)

D. J. Shirley, "The ARL:UT Subseafloor Environmental Simulator,”
Applied Research Laboratories Technical Report No. 79-53 (ARL-TR-79-53),
Applied Research Laboratories, The University of Texas at Austin,
November 1979,

D. J. Shirley and A. L. Anderson, '"Compressional Wave Profilometer for

, Deep Water Measurements,' Applied Research Laboratories Technical Report
;Q No. 74-51 (ARL-TR-74-51), Applied Research Laboratories, The University
: of Texas at Austin, December 1974.

" D. J. Shirley, and A. L. Anderson, "Studies of Sediment Shear Waves,
‘ Acoustical Impedance, and Engineering Properties," Applied Research
Laboratories Technical Report No. 75-23 (ARL-TR-75-23), Applied Research
Laboratories, the University of Texas at Austin, May 1975.

D. J. Shirley and A. L. Anderson, 'Acoustic and Engineering Properties
of Sediments,” Applied Research Laboratories Technical Report No. 75-58
(ARL-TR-75-58), Applied Research Laboratories, The University of Texas
at Austin, October 1975.
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B, J. Shirlev and A. L. Anderson, "In Situ Measurement ot Marine Sediment
Acoustical Properties During Coring in Deep Water," IEEF Trans. on
Geoscience Flectronics GE-13, No. 4, 163-169 (1975). (ARL-TP-75-3, 1975)

D, J. Shirley and A. L. Anderson, "Experimental Investigation of Shear
Waves in Laboratory Sediments,' presented at the 90th Meeting of the
Acoustical Society of America, San Francisco, California, 3~7 November 1975.
D. J. Shirley and A. L. Anderson, "Shear Waves in Unconsolidated Sediments,"
presented at the 92nd Meeting of the Acoustical Society of America,

San Diego, California, 16-19 November 1976.

D. J. Shirley, A. L. Anderson, and L. D. Hampton, "In Situ Measurement of
Sediment Sound Speed During Coring,' Applied Research Laboratories
Technical Report No. 73-1 (ARL-TR-73-1), Applied Research Laboratories,
The University of Texas at Austin, March 1973.

D. J. Shirley, A. L. Anderson, and L. D. Hampton, "Measurement of In

Situ Speed During Sediment Coring," OCEAN '73, Record of the International
Conference on Engineering in the Ocean Environment, Seattle, Washington,
25-28 September 1973.

D. J. Shirley and D. W. Bell, "Acoustics of In Situ and Laboratory
Sediments," Applied Research Laboratories Technical Report No. 78-36
(ARL-TR-78-36), Applied Research Laboratories, The University of Texas
at Austin, August 1978.

D. J. Shirley and D. W. Bell, "Temperature Variation of the Acoustic
Properties of Laboratory Sediments,' presented at the 98th Meeting of
the Acoustical Soclety of America, Salt Lake City, Utah, November 1979.

D. J. Shirley, D. W. Bell, and J. M. Hovem, "Laboratory and Field Studies
of Sediment Acoustics,’ Applied Research Laboratories Technical Report
No. 79-26 (ARL-TR-79-26), Applied Research Laboratories, The University
of Texas at Austin, June 1979.

D. J. Shirley and L. D. Hampton, "Acoustic Velocity Profilometer for
Sediment Cores," OCEAN '72, Record of the International Conference on
Engineering in the Ocean Environment, Newport, Rhode Island,

13-15 September 1972.

D. J. Shirley and L. D. Hampton, '"Determination of Sound Speed in Cored
Sediments," Applied Research laboratories Technical Report No. 72~44
(ARL~TR-72-44), Applied Research Laboratories, The University of Texas
At Austin, December 1972.

D. J. Shirley and L. D. Hampton, "Acoustic Velocimeter for Ocean Bottoms
Coring Apparatus,’ ARL Invention Disclosure, November 1973.




D. J. Shirley and L. D. Hampton, '"Shear Wave Measurements in lLaboratory
Sediments," J. Acoust. Soc. Am. 63, 607-613 (1978). (ARL-TP-77-31,
~ August 1977)

D. J. Shirley, J. M. Hovem, G. D. Ingram, and D. W. Bell, "Sediment
Acoustics,'" Applied Research Laboratories Technical Report No. 80-17
(ARL-TR-80-17), Applied Research Laboratories, The University of Texas
at Austin, April 1980.

{ K. H. Stokoe (UT Austin), D. G. Anderson (Fugro, Inc.), E. J. Arnold

' (UT Austin), R. J. Hoar (UT Austin), and D. J. Shirley, "Development of
4 a Bottom Hole Device for Offshore Shear Wave Velocity Measurement,'

1 Proceedings of the 10th Annual Offshore Technology Conference, Houston,

N Texas, 8-11 May 1978.

B. E. Tucholke (Lamont-Doherty Geological Observatory, Columbia University)
and D. J. Shirley, '"Comparison of Laboratory and In Situ Compressional-
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