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EXECUTIVE SUMMARY

High-power microwave tube systems used on Navy radars and in communication systems are
primary cost drivers as can be seen from the $100M spent yearly on replacing malfunctioning high-
power microwave tubes in the Fleet. In many cases (estimated at over 25%), perfectly operating
tubes are inadvertently replaced because there is insufficient in situ monitoring equipment available
to diagnose specific problems within the system. High-power microwave vacuum tubes used in the
fleet combat systems are equipped with only a minimum on-line component condition assessment
capability with little or no built-in prognostic capability to provide advance warning of a developing
failure situation. In the earlier phases of the Microwave Tube Built-In Test (MTBIT) program (1999-
2001), a new advanced nondestructive testing technique was demonstrated using acoustic emission
(AE) for in-situ monitoring of normal and abnormal performance of high-power radar tubes such as
magnetrons, traveling wave tubes (TWTs), and klystrons. This report details the next step in
transitioning the laboratory MTBIT system into a system that is compatible with condition-based
maintenance systems employing the Integrated Condition Assessment System (ICAS) used by the
Fleet. This report identifies the interface requirements for the sensors and ICAS, as well as
accommodating limitations of the ICAS software, which currently is not configured to accommodate
the sensor data rates and data sets required. Ten new electronic circuits were designed, built, and
tested to interface the outputs of the current sensor and acoustic emission sensor attached to a
magnetron through an OPTO22 digital and analog input/output (I/O) hardware along with its
Optomux protocol and the ICAS software (Version 4.11). The ICAS software, developed by IDAX
Inc., is a 32-bit Microsoft Windows NT based data analysis and integration tool currently in use by
the Navy for the performance monitoring of mechanical systems on surface ships. The complete
computerized system to monitor the in-situ performance of the high-power microwave tube was
developed, tested, and reported here. The system could be extended to achieve the same goal with
other microwave tubes such as TWTs and klystrons with minor modifications.
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1. MONITORING OF HIGH-POWER MICROWAVE TUBE SYSTEMS
USING THE INTEGRATED CONDITION ASSESSMENT SYSTEM (ICAS)

1.1 INTRODUCTION

High-power microwave tube systems used on Navy radars and in communication systems are
primary cost drivers as can be seen from the $100M spent yearly on replacing malfunctioning high-
power microwave tubes in the Fleet. In many cases (estimated at over 25%), perfectly operating
tubes are inadvertently replaced because there is insufficient in-situ monitoring equipment available
to diagnose specific problems within the system. High-power microwave vacuum tubes used in the
Fleet combat systems are equipped with only a minimum on-line component condition assessment
capability with little or no built-in prognostic capability to provide advance warning of a developing
failure situation.

Present microprocessor-based condition-based maintenance systems use as many as 11 sensors to
monitor system performance, and could be used to provide tube protection and to record a
comprehensive tube failure history. A major limitation with these systems results from the small
amount of time available during the tube interpulse period for data buffering and fault analysis.
These monitoring systems work well if the microwave tube is operated with 200 or less pulses per
second. In typical situations, however, the tubes are operated with up to 1000 pulses per second with
pulse duration of a microsecond. Increasing analog-to-digital (A/D) conversion speed will, in some
cases, make the situation worse, since it will increase the amount of data that must be transferred and
analyzed during the small time interval available. Therefore, there is a need to provide a system that
can perform condition-based maintenance on high-power microwave tube systems that can
accommodate typical operational conditions.

In the earlier phases of the Microwave Tube Built-In Test (MTBIT) program (1999-2001), a new
advanced nondestructive testing technique was demonstrated using acoustic emission (AE) for in-situ
monitoring of normal and abnormal performance of high-power radar tubes such as magnetrons,
traveling wave tubes (TWTs), and klystrons. This report details the next step in transitioning the
laboratory MTBIT system into a system that is compatible with condition-based maintenance
systems employing the Integrated Condition Assessment System (ICAS) used by the Fleet.

1.2 ACOUSTIC EMISSION AND ITS SOURCES

Transient elastic stress waves can be generated in a region of a material that experiences abrupt
changes in the stress field. This phenomenon is known as acoustic emission (AE). It is generally
detected by means of ultrasonic transducers coupled to the material object with a suitable couplant
for decreasing impedance mismatch. Among many mechanisms that produce AE activity, the
principal ones are crack initiation and growth, magneto-mechanical realignment or growth of
magnetic domains (Barkhausen Effect), dislocation movements, twining, phase changes, fracture of
brittle inclusions, fiber breakage in composite materials, chemical activity, and cavitation. AE signals
cover a wide range of energy levels and frequencies. However, two basic types of signals are often
observed-burst and continuous. Some stimulus is necessary to trigger acoustic emissions. Stress, a
major type of stimuli, may be mechanically applied, thermally generated, or caused by changing
magnetic field. These observations raised a question in connection with microwave radar tubes
operating under normal conditions. Would they be able to generate AE signals? If they could not



generate AE signals, then we cannot use the technique. However, if they generate AE activity, what
could be the mechanism?

A literature survey led us to two research papers on the topics indirectly related to the subject of
our research. Sakoda and Nieda (reference 1) measured the characteristics of AE signals generated
due to a single pulse corona discharge as a diagnostic tool to estimate insulation deterioration in oil
immersed pole transformers. Tomasz Boczar (references 2 and 3) used frequency analysis of AE
signals generated by partial discharges in order to distinguish them from AE signals generated by
corona discharges. Theobald et al. (reference 4) pointed out the difference between the AE event
energy (AEcnergy) and the AE energy descriptor (Exg). Generally, AE stress waves disperse throughout
the medium until an interaction with an interface or boundary leading to the production of
reverberating field. Although this energy will be mostly absorbed by the medium, some of the energy
can be detected by the use of a high frequency piezoelectric ceramic transducer. Assuming all
mechanisms of energy loss in the structure and measurement system are constant, then the measured
electrical signal energy from the transducer could be said to be proportional to the AE event energy,

t

AE,,, o< [v(t) dt (1)

energy
0

where AEcnergy 15 the AE event energy, t is the time length of transient signal produced, and V(t)
is the transient voltage. It is often referred to as the AE energy descriptor and written as

t

E yp o< (1/R) [v(e)* dt 2)

0

where Eag refers to the AE energy measured in the transducer and R is the impedance of the
complete measuring circuit. The power of the acoustic emission signal of detected event is thus
proportional to the power of the source event.

However, we still did not know whether high-power microwave radar tubes would produce the AE
signals during normal operation. It was clear, though, that AE signal may arise if arcing takes place
inside the microwave tube similar to the AE activity observed in corona discharges and partial
discharges. In the earlier stages of the MTBIT project, we evaluated the suitability of numerous
sensors and techniques for the performance monitoring of the high-power microwave radar tubes.
We decided, therefore, to also try the AE technique that is non-invasive in nature and needed simple
equipment for preliminary evaluation.

1.3 AE TECHNIQUE APPLIED TO MICROWAVE TUBES

1.3.1 Application to a Pulsed Magnetron

In 1999, the AE technique was applied to the performance monitoring of a high-power pulsed
magnetron radar tube. The single channel acoustic emission system coupled with the fast digital
oscilloscope was used to monitor acoustic emission signal spectra from the magnetron operating
under normal and abnormal conditions. The details of the experimental setup can be found in Space
and Naval Warfare Systems Center, San Diego (SSC San Diego) Technical Note 1810 published in



August 2000." Four different AE transducers, two narrow band and two broad band, were coupled in
turn to the cylindrical anode of the magnetron having internal resonating cavities to pick up acoustic
emission signals generated by the pulsing RF output of the tube. The microwave frequency generated
was about 9.650 GHz. The input pulsed power typically was 240 kilowatt and output power 50
kilowatt. The pulse rate was varied from 100 pps to 1000 pps with pulse width of 1us. The tube
generated acoustic emission activity correlated with every RF pulse. The exact mechanism behind
the conversion of RF energy into acoustic energy is not understood at present. However, some rapid
heating and cooling process of the magnetron walls may be the cause of the AE activity or RF
coupling to the waveguide producing an electron-phonon coupling resulting in the AE signature. The
next step was to stress the magnetron by creating abnormal operating conditions and see the effect on
the corresponding AE activity. Figure 1 shows the AE activity associated with normal functioning of
the magnetron at the low pulse rate of 100 pps. The normal pulse voltage was 15 kV. Channel 3
(denoted by Ch3 in the figure) shows the AE signal. The channel B (denoted by ChB) shows the
zoomed display of the current pulse set inside the mask of channel D (ChD). The channel A (ChA)
shows the magnitude fast Fourier transform (FFT) of the AE signal from Ch3. The vertical sensitivity
on Ch3 was chosen to be 0.1V/div. Figure 2 shows the decreased amplitude of AE signal on Ch3 as
the result of the bad current pulse (ChB) produced due to the increased pulse voltage about 5 volts
above the normal value. The decreased AE activity was observed as the result of the production of
the abnormal current pulses when the magnetron was stressed by deviating the parameters like the
oscillator filament voltage, the high voltage pulse rate, the VSWR values, and the high pulse voltage
from their normal operating values. It was thus pointed out that the nondestructive technique of
acoustic emission can be used to monitor the performance of the high-power microwave radar tubes
like the magnetron.

1.3.2 Application to the Pulsed Traveling Wave Tube

In 2000, the AE technique was extended to the performance monitoring of a pulsed traveling wave
tube (TWT). The TWT-amplifier (TWT-A) unit when operated in continuous wave (CW) mode did
not produce any AE activity. When it was operated in pulsed mode, the AE signals were generated in
step with the pulsed RF input power. Figure 3 shows the AE signal (Ch3) produced at the end of “RF
ON” interval (on the second vertical division from the left end) and again at the end of “RF OFF”
interval (on the ninth vertical division). Ch2 shows the detected RF (inverted) signal. The horizontal
time scale chosen was 0.1s per division. Figure 4 shows the same plot with horizontal scale expanded
to 0.5 ms per division. Here we see the expanded AE signal starting at the second vertical division
from the left on the Ch3 masked by the zoom trace D. It was observed that during the CW mode of
operation, whenever there was change (increase or decrease) in the RF input power, the AE activity
was generated. In short, the changes in the RF output power either due to irregular changes or due to
regular changes in the RF input power caused AE signals to appear. The information on the details of
the exlperimental setup are available in SSC San Diego Technical Note 1816 published in September
2001.

1.3.3 Application to the AN/SPS-49 Pulsed Klystron

The acoustic emission technique was then evaluated on a klystron associated with the transmitter
of an AN/SPS-49 long-range radar. Figure 5 shows the AE activity on the zoom trace A of the

" Space and Naval Warfare Systems Center, San Diego (SSC San Diego) Technical Notes (TNs) are working
documents and do not represent an official policy statement of SSC San Diego. For further information, contact the
author.



oscilloscope in step with the beam current sensor signal (Ch2) having two pairs of pulses and with
the RF drive signal (Chl) having two pair of pulses. The acoustic emission transducer was located on
the waveguide terminated with dummy load. Similar data were obtained by shifting the location of
the AE transducer to different locations on the waveguide. The 5-cavity klystron amplifier unit was
operated at a frequency of 942 MHz. The details of the klystron tube and the experimental
arrangement are also available in SSC San Diego Technical Note 1816.

1.3.4 Repeated Experiments on the AN/SPS-49 Pulsed Klystron

Figure 6 shows AE activity (ChC) in step with the klystron current pulses (ChB). Three pair of
pulses are seen in Figure 6. The acoustic emission transducer was located on the waveguide. The RF
frequency used was 902.999 MHz. Similar data was obtained by shifting the AE transducer to
different locations on the waveguide. Next a threshold amplifier circuit coupled with appropriate
filter was used to catch a bad current pulse during the abnormal operation of the klystron unit. The
normal operating high voltage was 40 kV. It was increased gradually beyond 40 kV. The current
showed slight increase beyond 1A when a pulse was recorded on Ch4 (Figure 7) connected to the
output of the threshold amplifier.

1.3.5 Integrated Condition Assessment System (ICAS)

The next step to transition the non-destructive performance monitoring technology was to identify
Navy systems with which we could integrate the laboratory test set-up. The Navy is currently using
ICAS version 4.11 (from IDAX Inc. of Norfolk, VA) for the performance monitoring of mechanical
pumps on surface ships. The Integrated Condition Assessment System (ICAS) is a 32-bit Microsoft
Windows NT based plant data analysis and integration tool. It is the predictive maintenance program
that combines state-of-the-art performance monitoring techniques with computerized maintenance
management. The system provides user-defined performance alarms that alert the operator to
machine problems. It provides Hybrid Diagnostic System (HDS) diagnostic advisories that assist in
diagnosing approaching failures and initiating the restoring process. The Hybrid Intelligent System is
a fault-modeling environment that comprises both crisp logic and fuzzy logic rules. The ICAS
software consists of five basic components:

ICAS Shell — the main shell provides the primary user interface;
Analysis Engine — the engine monitors sensor data and performs HDS evaluation;
Router — the router distributes data between ICAS applications and workstation;

CDS — the Configuration Data Set (CDS) contains site-specific configuration data; and

A

Databases — the databases contain files where recorded data is stored for subsequent retrieval
and analysis.

Therefore, ICAS was selected to read and analyze the acoustic emission and current signals from
the normal and abnormal functioning of the high-power microwave radar tubes.

1.3.6 Sensors

ICAS uses both on-line sensor data and data collected manually from off-line sensors to perform
its analysis. It can be connected to a variety of physical sensors and calculated or pseudo-sensors.
Measured and calculated sensor data is used to monitor performance limits, to trigger alarms, or to
record trend information. For low-speed data acquisition environment, the sensors could be
interfaced with the ICAS workstation using a standard Data Acquisition Unit (DAU). The DAU



provides power supply, signal conditioning, A/D signal conversion, signal multiplexing, and data
transmission to the host computer. ICAS supports a multiple of low-speed DAU’s with direct
interface. The maximum sampling frequency for these units is 1 Hz.

1.3.7 The Host Computer System

The host computer used in this project has a Pentium II, 450 MHz CPU although the recommended
minimum required for ICAS is 133 MHz Pentium processor. It carried 2.4 GB hard drive storage
capacity, and 132 MB of RAM. Microsoft Windows NT Workstation 4.0 was installed as the OS.
The ICAS software took about 146 MB of the hard drive memory.

1.4 DATA ACQUISITION UNIT

An intermediate unit that will take raw data from the current and AE sensors monitoring the
microwave tube performance and transfer it to the ICAS software installed on the host computer was
needed. Since the Navy was using an OPTO22 Interface to get data from mechanical pumps, we
decided to use the same unit. Unfortunately, the OPTO22 hardware previously used was no longer
available or supported, so a new interface unit, called OPTO22 SNAP B3000 BRAIN was selected.
The B3000 unit can be used with either an OPTO22 controller or a host computer. We decided to use
it with the host computer to facilitate the interface with ICAS. The B3000 communicates with a host
computer serially over RS485 twisted pair wiring. It supports the advanced Mistic protocol and the
industry-standard Optomux protocol. We decided to use the second, the Optomux protocol. Both
protocols support high-speed communication (115 kBaud).

The AC37 adapter card is installed in one of the ISA slots inside the computer to facilitate a RS-
485 two or four wire communications link between the computer and the OPTO22 remote I/O bus.
The remote bus is a standard RS-485 half-duplex (2 wire) serial communications link. The AC37 is
designed to appear as a standard IBM serial “COM?” port to user software. The AC37 has two
operating modes, the Mode 0 and Mode 1. While in mode 0, the AC37 will operate very much like a
standard serial COM port. Mode 0 is selected by removing the OPTO jumper on the card. Figure 8
shows the schematic arrangement of the B3000 Optomux System Architecture.

The OPTO22 SNAP B3000 brain is connected to a SNAP B series 1/O rack capable of holding
eight SNAP modules as shown in Figure 9a. The actual photograph of the equipment is shown in
Figure 9b. In this work, only one analog voltage (-10 VDC to +10 VDC) input SNAP-AIV module (2
Channels) was used in the position “Module0” next to the B3000 Brain. The analog input module is
transformer isolated as well as optically isolated from all other modules and from the SNAP brain.
Transformer isolation prevents ground loop currents from flowing between field devices and causing
noise that produces erroneous readings. Optical isolation provides 4000 volts of transient protection
for sensitive control electronics from real-world industrial field signals. However the two channels of
the analog input module use a common reference and are not isolated from each other. The SNAP
analog input module has an on-board microprocessor to provide module-level intelligence.

The SNAP-PSS power supplies takes 120 VAC input from the power line and it can provide 5
VDC power for loads up to 4 amps. It was used to power B3000 brain and SNAP I/O module
through the connector strip mounted on the rack. The power supply module is normally positioned
near the rack for operational testing.

The connectors and jumpers were selected from the top of the B3000 brain to adjust the baud rate
of 19.2 kBaud, Optomux communication protocol, and the analog address 02. Each rack has an



address like 0, 1, 2, etc. Since we are using one rack, its address is 0 (zero). I/O on B3000 is divided
into four addresses of I/O (two digital I/O and two analog I/O). The digital addresses are base+0 and
base+1. The analog addresses are base+2 and base+3. So, the analog module snapped onto the rack
has the total address of 0+2. The B3000 brain is connected to the Adapter card inside the computer.

Optomux is a protocol used by a family of intelligent digital and analog I/O (input/output) units
that operate as slave devices to a host computer. The Optomux can communicate at eight different
baud rates but we selected 19.2 kBaud because it was recommended for ICAS. In order to read data
from the computer, the software Optoscan (OptoDriver Toolkit) is provided. One needs to enter the
baud rate (19.2 kBaud), COM port (3), and the address (02) to see the table showing the voltage
values (between 0 and 10 volts DC) from the two channels of the analog input module. The voltage
values between 0 and 10 volts DC are the values of the two outputs of the electronic circuits
interposed between the sensor signals (from the current sensor and the AE sensor) and the analog
input module on the rack. ICAS software provided by IDAX is different from Optoscan (OptoDriver
Toolkit) software provided by OPTO22.

1.5 INTERFACE CIRCUITS

1.5.1 Faulty Current Pulses

The aim of the experiment was to distinguish bad current pulses from the good or normal current
pulses and the corresponding weak AE signals from the strong AE signals during the operation of the
high-power microwave radar tubes. A 5 volt TTL-compatible output pulse needs to be generated
corresponding to a bad current pulse, while no output is provided for the good current pulses. Figure
10 indicates the block diagram of the electronic circuits that could achieve this aim. The circuits are
identified with the numbers included in square parenthesis [1C] to [5C] where the suffix “C” stands
for “Current.” Figures 11a and 11b show the current sensor. The microwave pulse input to the
Magnetron Amplifier comes from P25 Pulse Generator (Interstate Electronic Corporation, USA). The
pulse generator is triggered in this work with the help of Trigger box (Figure 11c). Current pulses are
generated at the rate of 60 pulses per second, synchronized to the power line.

It was found that good cathode current pulses from the magnetron have very little spectral content
above about 8 MHz in frequency while bad pulses have much greater content above 8 MHz. Thus,
the 8 Mz high pass filter (Figure 12) may produce a much greater output for bad pulses relative to
that for good pulses. The signal is then filtered by 15 MHz low pass filter (Figure 13) that cleans up
the spectral content of the pulses and smoothes the pulses. As a result, the output of the 15 MHz filter
is relatively small for good pulses and much larger for bad pulses. The threshold amplifier has a
comparator (Figure 14) with an adjustable threshold that can be set so that it will not respond to good
pulses but will generate a 5 volts TTL-compatible output pulse when a bad current pulse occurs.

Next, methods were needed to count faulty current pulse signals from the threshold amplifier. Two
methods were designed, fabricated, and tested to count faulty pulse signals from the threshold
amplifier. A digital method was developed for use when reset pulses were available, and an analog
method was developed for use in the absence of reset pulses. These two counting methods are
represented in the circuit diagram “Defective Current Pulse Counter,” (Figure 15) with the upper part
of the drawing showing the digital section and the lower part of the drawing showing the analog
section. The digital method used two TTL count-by-ten circuits, giving the counter the ability to
count up to 100 pulses between reset pulses. The output of the TTL counters was fed into a digital-to-



analog converter, since the ICAS system is set up to use only analog inputs. After each reset pulse
the TTL counters would begin counting pulses again from zero.

The analog pulse counter circuit is shown in the lower part of the diagram. One problem with
counting pulses from the threshold amplifier is that the lengths of the pulses vary from 1 to 3
microseconds. This problem was solved by sending the input pulses to the base of a high gain, high
current transistor Q1. The transistor fully charges a 1 microfarad capacitor, C2, connected to its
emitter in less that 1 microsecond, so that if the pulses are longer that 1 microsecond, there will be no
effect on the charge on the capacitor. The capacitor then discharges through resistors R3 and R4 over
a time of approximately 1 millisecond. During this discharge period, most of the current passes
through the 1-kiloohm resistor, R4, and diode, D1, into a second 1-microfarad capacitor, C3. This
capacitor serves as a charge accumulator and analog counter of the number of faulty pulses. The
counter capacitor is connected to a high input impedance JFET input operational amplifier that
measures and amplifies its voltage while not discharging the capacitor. A method must be provided
to discharge capacitor C3. Without a discharge, the voltage on capacitor C3 would quickly reach a
maximum value and it would stop accumulating charge and stop counting. The discharge method
used is to continuously discharge the capacitor through a 1-megohm resistor, RS, which results in a
1-second time constant for the discharge time. This results in an exponentially decaying signal,
which may not be suitable for some applications.

1.5.2 Faulty Acoustic Emission Pulses

Figure 16 indicates the block diagram of the electronic circuits for faulty acoustic emission pulses
similar to the one of Figure 10 for faulty current pulses. The circuits are identified with the numbers
[1A] to [9A] where the suffix “A” stands for “Acoustic.” The AE signal generated during the
operation of the pulsed Magnetron was picked up by the AE transducer. It was experientially
determined, in the case of the magnetron, that the total pulse energy of faulty pulses was significantly
less than that of good pulses. The total energy of acoustic pulses coming from the acoustic energy
amplifier was determined by passing the output of the post-amplifier (Figure 17) into an acoustic
energy integrator (Figure 18), which rectified the acoustic signal, then used the rectified output to
charge a capacitor. The output of the capacitor was then sent through a 10 KHz low pass filter
(Figure 19) to clean up the output pulses. The output from the low pass filter was then sent into a
circuit containing a time delay, amplifier, and sample-and-hold (Figure 20). The amplifier, U3,
increased the voltage of the pulses by a factor of 33. The time delay, generated by U1, allowed the
acoustic pulse integrator time to fully integrate the energy of the acoustic pulses. Its delay time could
be adjusted from 0 to 3 milliseconds, and would typically be set for about 1 millisecond. At the end
of the delay period, U2 would send a 100-microsecond pulse to sample-and-hold U4, which would
sample the output from amplifier U3. Also, shown in the diagram is a 50-ohm output driver circuit,
which amplified the output of U4. The output of the circuit was then sent through a second 10 KHz
low pass filter (Figure 21), which removed unwanted voltage spikes from its output.

Next, methods were needed to count faulty acoustic pulse signals and two methods were
developed. A digital method was developed for usage when reset pulses were available, and an
analog method was developed for usage in the absence of reset pulses. These two counting methods
are represented in the circuit diagram “Defective Acoustic Pulse Counter” (Figure 22), with the upper
part of the drawing showing the digital section and the lower part of the drawing showing the analog
section. The digital method used two TTL count-by-ten circuits, giving the counter the ability to
count up to 100 pulses between reset pulses. The output of the TTL counters was fed into a digital-to-
analog converter, since the ICAS system is set up to use only analog inputs. After each reset pulse,
the TTL counters would begin counting pulses again from zero.



The analog pulse counter circuit is shown in the lower part of the diagram. The input from the
faulty pulse detector circuit is fed through capacitor C1. The input voltage is always positive;
however, when faulty pulses occur, the positive voltage is reduced. The amount of voltage reduction
varies from one faulty pulse to the next, so that the circuit has to compensate for these variations.
Capacitor C1 introduces DC blockage, so that the inverting input of operational amplifier U1 will
receive negative input pulses when a faulty pulse occurs. Potentiometer R3 provides an adjustable
positive bias on the inverting input of U1. During good pulses, the output of U1 will be negative.
Diode D1 limits this voltage to negative 0.15 volts. When a faulty pulse occurs, the negative voltage
from C1 will overcome the positive bias from R3, at the inverting input of U1, so that the output of
Ul will become positive. The gain of U1 is adjusted so that every faulty pulse will drive its output to
the maximum positive limiting value. Some of the output current of U1 will flow through 1-megohm
resistor R7 and diode D2 into 1-microfarad capacitor, C2. This capacitor serves as a charge
accumulator and analog counter of the number of faulty pulses. The counter capacitor is connected to
a high input impedance JFET input operational amplifier, U2, which measures and amplifies its
voltage while not discharging the capacitor. A method must be provided to discharge capacitor C2.
Without a discharge, the voltage on capacitor C2 would quickly reach a maximum value and it would
stop accumulating charge and stop counting. The discharge method used is to continuously discharge
the capacitor through a 1-megohm resistor, R8, which results in a 1-second time constant for the
discharge time. This results in an exponentially decaying signal, which may not be suitable for some
applications.

1.5.3 OPTO22 and ICAS Interface Circuit

For our application, ICAS has limitations in that it checks data only once every second and there is
no reset pulse available. Therefore, it was necessary to develop a circuit with timer, sample-and-hold,
and amplifier to provide once-per-second data sampling from the faulty current and acoustic pulse
counters, and provide reset pulses for the counters. The circuit called “One-Second Data Sample and
Reset” is shown in Figure 23. This corresponds to block [9A] of the Figure 16 common to both
current and acoustic data. This serves as the OPTO22 interface circuit. The timer consists of four
LMS555 timer integrated circuits. The first timer, U1, provides a 1-second period of time for counting
the pulses. Its time period is adjustable with a 1-megohm potentiometer. The second timer, U2,
provides a 100-microsecond output pulse, which is fed to the inputs of two sample-and-hold circuits,
U5 and U6. The US samples-and-holds the output of the faulty current pulse counter, while the U6
samples-and-holds the output of the faulty acoustic pulse counter. Timer U3 provides a waiting
period of 25 microseconds to ensure that US and U6 have passed beyond their aperture times before
resetting the counters. This is to prevent a change on the input voltages from affecting the output
voltages. Timer U4 next provides a 25-microsecond voltage pulse to the reset inputs of the faulty
current and acoustic pulse counters. Timer U1 then resumes the counts of faulty current and acoustic
pulses. The outputs of the U5 and the U6 are fed to the amplifiers U7 and U8, respectively. The
outputs of the amplifiers U7 and U8 are fed to the OPTO22 Analog Input Module on the rack.

1.5.4 OPTO22 Software and ICAS Software

The OptoDriver Toolkit of the OPTO22 equipment can be used for direct communication from the
host computer to the B3000 Brain. The toolkit is included with the 32-bit Windows driver. Within
the OPTOSCAN (for 32-bit Windows Version A4.0b) window, one can see the values of the two
sensor outputs (current and acoustic emission) listed in the table of sensors. However, this software is
extremely limited and was not used in this work.



Figure 24 shows the Sensor Editor Window of the ICAS software. The Sensor Editor translates the
raw data from an external source into an ICAS sensor value. This process allows ICAS to merge a
variety of input types into a single, homogeneous “virtual” type. When ICAS receives inputs and
converts them to virtual data, all sensors values are alike, regardless of where they originate. Since all
sensor values have a common unit once inside ICAS, operations between dissimilar devices are
possible. The sensor definition elements describe the properties associated with a sensor, all of which
can be edited using the Sensor Editor. These properties include data acquision source, display units,
background scan rate, sensor value calibration, and many others. The sensor definition window is
also shown in Figure 24.

1.6 EXPERIMENTAL PROCEDURE

Testing OPTO22 Hardware, OPTODriver Toolkit and ICAS Software

Testing was performed using the various softwares and the OPTO22 Analog Module installed on
the rack next to the OPTO B3000 Brain, which in turn was connected to the AC37 Adapter card
installed in the PC. Two DC voltages were fed into the two inputs of the Analog Module from two
separate HP6216A Power Supply units to simulate sensor input. All units were turned on, and the
software accurately acquired the simulated sensor voltages.

1.6.1 Testing of Electronic Circuits

Testing was performed to ensure functionality of the various electronic circuits before connecting
them in chains as shown in Figures 10 and 16. The inputs and outputs of the chosen circuits were
connected to the various channels of the LeCroy 9354AM 500 MHz Digital oscilloscope. The
oscilloscope has four regular channels (Chl, Ch2, Ch3, and Ch4) and four zoom channels (A, B, C,
and D). The sampling rate is 2 Gs/s (1 million points) if one channel is used and 500 Ms/s (250
kilosamples) if four channels are used. The pulsed magnetron was turned on. The AE transducer
(S9208-Physical Acoustics) was coupled to the magnetron cylinder with a couplant and then held in
position with a thick aluminum block as shown in Figure 17. The AE signal picked up by the
transducer during the pulsed operation of the magnetron was fed to the preamplifier of high input
impedance and 50 ohm output impedance. The useful frequency range of the preamplifier was 100
KHz to 1 MHz. The signal was amplified by the post-amplifier (input and out impedance 50 ohm)
and then fed to the circuit of the acoustic energy integrator (Figure 18). It was observed from the
research work of the past 2 years that it takes a really bad worn-out high-power microwave radar tube
(magnetron, TWT, or klystron) to generate defective (faulty) current pulses. However, these tubes
may generate defective current pulses at startup before they stabilize. In the present research work,
the procedure of restarting the magnetron was used to generate the defective current pulses. The
faulty current pulses and the corresponding faulty acoustic emission pulses were displayed by the
oscilloscope along with related outputs from the other electronic circuits. The results of the research
work include the oscilloscope displays showing the various signals. A total of 63 oscilloscope screen
displays were saved on discs and were later printed out for further analysis. The selected ones are
listed below in order to highlight the performance of the various electronic circuits and finally the
performance of the whole system. The remaining data is included in the Appendix.

1.7 EXPERIMENTAL RESULTS

All of the 63 oscilloscope screen displays were identified with numbers like Data No.1, 2, etc., on
the top left hand corner of the display. The numbers next to them like D000, D001, D002, etc., were



file numbers on the discs. They repeat with the use of a new disc and hence can be ignored. The
selected displays are used here to discuss the experimental results. The rest are included in the
Appendix.

DATA NO.1

The output of the acoustic energy integrator, after taking it through the 10 kHz low pass filter,
was connected to Ch3 and to the input of the Time Delay Amplifier and the Sample-and-Hold
circuit [6A]. The output of the same circuit was connected to Ch4. Defective current pulses were
generated by triggering and retriggering the pulsed magnetron. Ch3 recorded one defective
acoustic energy pulse on the second vertical division and the corresponding TTL output is shown
on the Ch4. See Figure 25.

DATA NO.8

The screen display shows simultaneously the defective current pulse (Ch2), the defective
acoustic energy pulse (Ch3), and the TTL output pulse from the output of the second 10 kHz
low-pass filter [7A]. All three arrived at the same showing the satisfactory performance of the
electronic circuits. See Figure 26.

DATA NO.12

The purpose of this data set was to check the two counter circuits [SC] and [8A], the outputs of
which were connected to Ch3 and Ch4. The three signals from Ch2, Ch3, and Ch4 appeared on
the second vertical division coinciding in time. The three circuits [4C], [SC], and [8A] performed
as expected, as shown in Figure 27.

DATA NO.13

This data clearly shows a defective current pulse (Ch2) from the Threshold Amplifier,
Comparator Circuit [4C] and the corresponding output (Ch3) from the defective current pulse
counter [SC]. Note that no count from the output of the defective acoustic pulse counter [8A]
was recorded on the Ch4. See Figure 28.

DATA NO.14

This data shows three characteristic signals, a defective current pulse (Ch2) from the Threshold
Amplifier, Comparator Circuit [4C], the corresponding output (Ch3) from the defective current
pulse counter [5C], and output of the defective acoustic pulse counter [8A] was recorded on the
Ch4 appearing at the same time noted by the second vertical division. See Figure 29.

DATA NO.18

Here Ch2 and Ch3 were connected to the input and output of the defective current pulse counter
[5C] and Ch4 to the defective acoustic pulse counter [SA]. All three outputs coincide indicating
good performance of the electronic circuits involved. See Figure 30.

DATA NO.26

This data set demonstrates the functioning of the reset pulses. The reset pulses are separated by
Is. The output of the defective acoustic pulse counter [8A] is connected to Ch2. The output of
the defective current pulse counter [5C] is connected to Ch4. The reset for both counters is the
same. The Ch3 was connected to Reset from 1-second data sample and reset circuit [9A]. The
Ch3 shows two reset pulses separated by 1s. Both counters showed their output counts in step
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with the reset pulses as expected. The cursor is present close to the 6™ vertical division on all
three channels. See Figure 31.

DATA NO.28

This oscilloscope display is similar to that of Data No.26. It shows again the counting of
defective pulses between the two reset pulses. See Figure 32.

DATA NO.33

This data set demonstrates the functioning of the circuit 1-second data sample and reset [9A].
The maximum output of the circuit for each of the two defective pulse counts is 10 volts, which
is the limit to the DC voltage that the Analog Module [10] can take in. The reset is adjusted to
repeat after 99 pulses (99 pulses X 0.1 volt/pulse = 9.99 volts). First, we checked the functioning
with respect to defective current pulses. The output of the defective current pulse counter [5C]
was connected to Ch4 and to the input of the 1-second data sample and reset circuit [9A]. It
therefore shows the counts in the form of increasing step. The output of the 1-second data sample
and reset circuit [9A] is connected to Ch2. The reset pulses are present on Ch3. The cursor
appears on three channels between the 5™ and 6™ vertical divisions. Next, the cursor was moved
to the right in order to effect the data transfer. The result of the data transfer is shown in the next
display. See Figure 33.

DATA NO.34

Here the signal value on Ch4 is changed to 31 mV from 609 mV (Data No.33) and the similar
transfer occurred on Ch2 from 31 mV (Data No.33) to 625 mV. As before, Ch3 shows the two
reset pulses. See Figure 34.

DATA NO.41

The data display is similar to that of Data No.33 but it is now obtained for defective acoustic
pulse count and corresponding DC voltage output before transfer. See Figure 35.

DATA NO.42

This data set shows the cursor is moved to the right (with respect to data set No.41) to execute
the data transfer. See Figure 36.

DATA NO.56

After verifying the functioning of the 1-second data sample and reset circuit [9A] for both
defective current pulses and also separately for defective acoustic pulses, we also examined
operation of the circuit for simultaneous current and acoustic inputs and studied the outputs with
successive data transfers. Two inputs to the circuit [9A] were connected to Chl and Ch3. The
outputs were connected to Ch2 and Ch4. Using the special feature of the LeCroy oscilloscope,
two cursors were set on each of the four channels in order to see the sequence of the data transfer
to the next circuit of OPTO22 Analog Input Module [10] in the chain. See Figure 37.

DATA NO.57

The first data transfer was executed when the cursors were moved to the right (with respect to
data set 56). See Figure 38.
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DATA NO.58

The second data transfer was executed when the cursors were moved to the right (with respect to
data set 57). The signal values corresponding to the cursors are printed below each of the Data
displays 56, 57, and 58. See Figure 39.

1.8 CONCLUSIONS

Between 1999 and 2000, we demonstrated experimentally that the advanced acoustic emission
technique can be used as a nondestructive testing method for in-situ performance monitoring of high-
power microwave radar tubes like a pulsed magnetron, a pulsed TWT, and a pulsed klystron. It was
shown that the changes in the amplitude and frequency contents of current pulses of the operating
microwave tubes were accompanied by the changes in the acoustic emission pulse energy. The next
step was to interface the outputs of the current sensor and acoustic emission sensor with the computer
installed with ICAS (Integrated Condition Assessment System) currently used by the U.S. Navy. The
interfacing was completed using the hardware of OPTO22 intelligent digital and analog I/O (input
and output) units. The OPTO22 Analog Input Module can take 0 to 10 volts for its two inputs. The
challenge was to develop the electronic circuitry to convert the outputs of the current and acoustic
emission sensors into DC voltages compatible with the inputs of the OPTO22 Analog Input Module.
This task was successfully completed as circuits were designed, fabricated, and tested at each
successive stage. Finally, the sensors, interface circuits, OPTO22 modules, and ICAS were integrated
and used to detect defective AE and current pulses from a “stressed” magnetron. The converted
outputs from these sensors were finally received in the Sensor Editor Window of the ICAS software
on the computer. In short, the total functioning of the high-power microwave monitoring system of
sensors, Acoustic Emission Equipment, OPTO22 B3000 Intelligent Processor, and ICAS was
demonstrated.

1.9 RECOMMENDATIONS FOR FUTURE RESEARCH

ICAS monitors equipment performance and identifies equipment failure by comparing the sensor
data to established engineering performance criteria. If a machine’s actual performance (as compared
to its design performance) violates a designated limit, an alarm is activated. In order to utilize this
ability of ICAS to monitor performance of high-power microwave tubes, data generated at specific
intervals of time must be stored in ICAS database, and trend analysis performed. The task of storing
the data, comparing the data, displaying the trend indicator graphs, and setting alarm activation
guidelines is the next step in the development of a prognostic system for microwave tube condition-
based maintenance.

Since ICAS has the ability to take data inputs from multiple sensors, it is recommended to use a
multi-sensor multi-channel acoustic emission system in place of the present single sensor system.
ICAS has the ability to use calculated or pseudo-sensors in addition to the physical sensors. This
ability can be exploited to generate virtual sensor outputs obtained by performing appropriate
mathematical operations on the real data from physical sensors.
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SNAP-B8MC 8-Module Position 1/0 Mounting Rack
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Figure 9a. SNAP B series I/0 Rack with B3000 mounted on left side.
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Figure 9b. Photograph of the (from right to left) power supply, OPTO22 SNAP3000 Brain, OPTO22
SNAP Analog Input Module, and SNAP B series of I/0 rack.
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Figure 10. Electronic circuits between current sensor and OPT022 interface box for detecting and
counting defective current pulses.
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Figure 11a. Photo of current sensor. Figure 11b. Photo of current sensor.

Figure 11c. Power line trigger box.
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Figure 12. 8 MHz High-Pass Filter and Detector [2C] with photo.
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Figure 13. Low-Pass Filter (cutoff 15 MHz) circuit [3C] and photo.
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Figure 14. Threshold Amplifier and Comparator circuit [4C] and photo.
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Figure 15. Defective Current Pulse Counter circuit [5C] and photo.
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Figure 16. Electronic circuits between AE Sensor and OPTO22 interface box for detecting and

counting defective acoustic pulses.
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Figure 17. Photo of Post-amplifier (left), Pre-amplifier (right), and Acoustic Emission Transducer
(middle) coupled to the cylinder of the pulsed magnetron.
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Figure 18. Acoustic Pulse Energy Integrator circuit [4A] and photo
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Figure 25. Defective current and acoustic pulses and single TTL output at the same time as

expected.
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acoustic energy pulse and the corresponding TTL output pulse
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Figure 26. Defective current and acoustic pulses and single TTL output at the same time as

expected.
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Figure 27. Outputs from two counters and Threshold Amplifier-Comparator coincide as expected.
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box [4C].
Ch3-Output of the defective current Pulse Counter circuit box [5C].
Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here events on Ch2 and Ch3 coincided but somehow no bad
acoustic pulse on Ch4.

Figure 28. Output from one counter and Threshold Amplifier-Comparator coincide.
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Ch2-Output of the current pulse Threshold Amplifier, Comparator circuit
box [4C].

Ch3-Output of the defective current Pulse Counter circuit box [5C].
Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here the Ch3 shows the steps at the 2™ vertical division due to the
double bad current pulses. Also the display shows the coincidence of
the events on all 3 channels as expected.

Figure 29. Defective Current Pulse Counter (Ch3) shows steps for successive counts as expected.
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Ch2-Input to the defective current Pulse Counter circuit box [5C].

Ch3-Output of the defective current Pulse Counter circuit box [5C].

Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here all three outputs coincide.

Figure 30. Output of two counters with input to the Current Pulse Counter.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here two reset pulses are present separated by one second time
interval on Ch3.

Ch2 and Ch4 show nice counts of bad pulses.

Figure 31. Outputs from two counters coincide with reset pulses as expected.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here Ch2 and Ch4 show nice counts of bad acoustic and current
pulses between two reset pulses (before 1% vertical division and
after 5" vertical division) on Ch3.
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Figure 32. Step outputs from two counters between two reset pulses.
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor is 609 mV and that
on Ch2 at the cursor is 31mV.

Note: Compare with the next oscilloscope display.

Figure 33. Defective current pulses output transfer (before transfer).
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].
Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].
Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed
to 31 mV and that on Ch2 at the cursor is changed to 625 mV.
Note: Compare with the previous oscilloscope display.

Figure 34. Output of OPTO22 interface box [9A] after data transfer.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3 on 1% and 6" vertical divisions.
The value of the signal on Ch4 at the cursor is 516 mV and that on
Ch2 at the cursor is 0 mV.

Note: Compare with the next oscilloscope display.
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Figure 35. Defective acoustic pulses output transfer (before transfer).
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Figure 36. Defective acoustic pulses output transfer (after transfer).
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0 mV and that on Ch2 at the cursor to 531 mV after data transfer.
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: This is a special display where both cursors (before and after data

transfer)on each channel

are shown.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-537mV........ccccoeiiin, 37 mV
Ch2-26 mV.......cocvivviiean, 526 mV
Ch3-84mV......oooiiiiiiiiii, 6 mV
Ch4-21mV.......oooiiii. 99 mV

Note: Compare with the next display.

cursor

25 kS/s
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Figure 37. Inputs and outputs of the last circuit box [9A] in the chain (before transfer).
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: Cursors are moved to the right to execute the first data transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer

Ch1-146mV........ccooiiienne 37 mV
Ch2-26 mV........oooeiiiis 229 mV
Ch3-84mV......oocoviiiiinn, 10 mV
Ch4-21mV.....coooooiiin 115 mV

Note: Compare with the previous and next displays.

Figure 38. Inputs and outputs of the last circuit box [9A] in the chain (after transfer).
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: Cursors are moved again to the right to execute the second data

transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-631mV.......ooviiiiiinn, 37mVv
Ch2-229mV........ooeiiiin, 636 mV
Ch3-599mMV.....cccoeviiiiiinan, 10 mV
Ch4- 99mV.....coooiiiiiiiiinn, 615mV

Note: Compare with the two previous displays.

Figure 39. Inputs and outputs of the last circuit box [9A] in the chain (after second transfer).
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APPENDIX A: RECORD OF COLLECTED DATA

2-Jul-01
14:14:11
4—
1B ms

1.688 Y

E]—

1B ms

homy
18 ms
1 5 4 &0
2 1 vV DC
E]Smu Oc %
4§ 1V 5@

Data No.1 D000

Ch3-Input to the Time delay, Amplifier, SamJaIe and Hold circuit box [6A].
Bad acoustic energy pulse is on the 2" vertical division.

Ch4-Output of the same box [6A]. One TTL output pulse corresponding
to the bad acoustic energy pulse. Also little spikes as the one
between the 8" and the 9™ divisions will be filtered out by the 2™
filter circuit [7A].

A-1

TRIGGER SETUP

‘ SMART ‘

—trigger on—
1230 ext
Extld Line

—coupling 4—
AC LFREJ
HFREJ HF

—slope §4—

Pos (N

holdoFf
[é;; Time E;;;J

500 kS/s
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{I—
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1.688 W

Data No.2 D001

18 ms
O my

1B ms
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oc
OC 4
500

— (T =
= = =— =

ETHCA) Pl =

TRIGGER SETUP

‘ SMART ‘

—trigger on—

1230 ext

i

—coupling 4—
Mm AC LFREJ

Ch3-Input to the circuit box [6A]. Bad acoustic energy pulse on the 2™
vertical division.

Ch4-Output of the same box [6A]. One TTL pulse corresponding to bad
acoustic energy pulse.
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Extll Line

HFRET HF

—slope 4——
Pos (W

holdoff
[ﬁéé Time E;;;J

500 kS/s

0 STOPPED
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16:27:15

{I—

18 ms
1.688 W

18 ms
O my

Data No.3 D002

TRIGGER SETUP

‘ SMART ‘

—trigger on—

1230 ext

i

1B ms

506
oc
OC 4
500

— (T =
= = =— =

ETHCA) Pl =

T Extlt Line
“m L! Hﬁ“ :‘& ‘:‘n_.,. ‘:’E grcoupling 4—
H AC LFREJ

Ch3-Similar to Data No.2
Ch4-Similar to Data No.2
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HFRET HF

—slope 4——
Pos (W

holdoff
[ﬁéé Time E;;;J

500 kS/s

0 STOPPED
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2-Jul-01 DataNo4 D003
16:28:16
5A ms
1.66 Y
(WY S e o Ay N RRYS e s
3 o
5A ms
50 my
50 ms
Ch3-Same as Data No.3 but with different Horizontal Time Scale.
] 5 V50 Ch4-Same as Data No.4 but with different Horizontal Time scale.
2 1 Vv OC
3 5wy DC 3
B 1 v s

A-4

TRIGGER SETUP
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1230 ext
Extll Line

—coupling 4—
AC LFREJ
HFREJ HF

—slope 4—
Pos [T

holdoff
[ﬁéé Time E;;;J

180 kS/s

STOPPED



2—JU ] _1 Data No.5 D004
16:41:10
%____

1 s

1.88 Y

ik Yy JI_v e wi -

3 I

1 s |

50 my

1 s
1.66 Y

TRIGGER SETUP

‘ SMART ‘

—trigger on—

1230t

e

.‘|L.lll|LLL.ll|LI|l|IlLll|llljiﬂ|LLliIIlLul|lLlLiI|Lh.||ILL

Extl@ Line

grcoupling 4—
AC LFREJ
HFREJ HF

iy
oc
0C %
506

[ — -

— (T — T
=

o T T

—slope 4——
Pos [T

| 4 OC 1.0z V

Ch3-Input to Time delay, Amplifier, Sample and Hold circuit [6A].
Bad acoustic energy pulse at the 2™ vertical division.

Ch4-Output of the second filter box [7A]. One TTL pulse corresponding
to bad acoustic energy pulse.
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2 holdofFF
[aéé Time E;;;J

50 KS/s

0 STOPPED
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se Math?
My ves _1

2-Jul-m Data No.6 D005
16:54:53
4—

1 s

1.6V I

J k. o M- ul wy

3 |

1 s

50 my

1s

1.00
1S

1 5 V 50
i1 v DC
3 5my DC 3
4 1 v 50

é

Trace [ is
Z00M of

2

| 4 DOC 0.86 V

1@3433%
M1 M2 M3 M4

50 kS/s

0 STOPPED

Ch2-Output of current pulseThreshold Amplifier, Comparator circuit
box [4C]. Bad current pulses appeared.

Ch3-Input to the circuit box [6A]. These are integrated acoustic energy
pulses.

Ch4-Output of the circuit box [6A]. Two TTL outputs are present
corresponding to two bad acoustic energy pulses.
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16:56:31

1 s
1.66 Y

1 s
1.66 Y

o
1 v
5 my
1

-+ S [ — -

4—

iy
oc
0C %
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Data No.7 D006

SETUP OF C

m

FTSTTRTT Iy

Trace [ is
Z00M of

1H34ABD

| 4 OC 0.86 V

Ch2-Similar to Data No.6
Ch3-Similar to Data No.6
Ch4-Similar to Data No.6

A-7

H1 M2 H3 W4

50 KS/s

0 STOPPED

use Math?
No| Yes-_—



2_Tul-01 DataNo.8 D007 *
17:06:48
4—

50 ms

1.88 W

Lak — -\.u.«- R T UE T -y

3 o

50 ms

5B my

ﬂ—

50 ms

TRIGGER SETUP

‘ SMART ‘

—trigger on—

103 4Ext

e

!ﬁ t ?h b \ h Lb L k& hEEE L ¥% t !b h !ﬁ t ¥b h —coupling 2—
T 3 AC LFREJ

Extl@ Line

HFRET HF

1.00 Y
50 ms
1 5V @0
H 1 v DC
3 Smy DC 3
4§ 1V 5@

—slope 2——
Neg

| 2 0Co.62V

Ch2-Output of current pulse Threshold Amplifier, Comparator circuit box
[4C]

Ch3-Input to the acoustic pulse Time delay Amplifier, Sample and Hold
circuit box [6A]

Ch4-Output of the second filter box [7A].
Here bad current pulse, bad acoustic energy pulse and the
corresponding TTL output pulse coincide

2 holdofFF
[aéé Time E;;;J

100 kS/s

0 STOPPED



2-Jul-01
17:85:11
2—
50 ms

1.88 W

50 ms
5B my

{l—

50 ms

Data No.9 D008

TRIGGER SETUP

‘ SMART ‘

—trigger on—

103 4Ext

e

Extl@ Line

grcoupling 2—
AC LFREJ
HFREJ HF

1.6808 Y
HE ms
1 5 ¥ @0
2 1 ¥ DOC
3 5my DC 3
01 v =0

—slope 2——
Neg

| 2 0Co.62V

2 holdofFF
[aéé Time E;;;J

100 kS/s

O NORMAL

Ch2-Similar to Data No.8

Ch3-Similar to Data No.8

Ch4-Similar to Data No.8
In this case the bad acoustic pulse appears to be taller than the
normal one. Hence the TTL output on the Ch 4 got reversed.
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17:07:28
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1.8 Y
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50 my

{I—
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1 5 W o
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Data No.10 D009

TRIGGER SETUP

‘ SMART ‘

—trigger on—

103 4cExt

el

Ext1l Line

—coupling 2—
AC LFREJ
HFREJ HF

—slope 2——
Neg

| 2 DC0.82 Y

Ch2-Similar to Data No.8 (Bad current pulses)

Ch3-Similar to Data No.8 (Bad acoustic energy pulses)

Ch4-Similar to Data No.8 (TTL output)
Here outputs are corresponding to many bad current pulses,
many related bad acoustic energy Pulses and corresponding
TTL outputs.

A-10

2 ho1dore
[ﬁ;; Time E;;;l

100 kS/s

O STOPPED
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17:11:21
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50 my
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18 ms
5B my
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— (T o T
- <« = =

ETNCAD Pod =t
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Data No.11 D010

Adabbudiih

SETUP OF C

use Math?
No| Yes-_—

iy
oc
0C %
506

| 2 0Co.62V

ChC-The trace C is zoom of the Ch3 showing clearly the bad integrated

Ch3-Output from the circuit box [5A] and Input to the circuit box [6A].
Ch4-Output of the circuit box [7A].

acoustic energy pulses between the 4™ and the 7" vertical divisions.

A-11
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P294nnn
Ml W2 M3 M4

100 kS/s
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2-Jul-01 DataNot2 ~ DO11° SETUP OF (

17:21:43 use Math?
— 1 No Yes\‘
1 s 1
1.6y
-3
3
1 s
5.8 Y
!!!! !III | I | | I | I | 1 |1 1 |1 | I | | I IIII4
4
1 s
5.8 Y
Trace [ is
ZO0OM of
1254&3%
1 M1 K2 M3 M4
HOoWRIQ
3 5 V DC | 2 0OC B.62 Y
4 5V 5Q 0 STOPPED

Ch2-Output of Threshold Amplifier. Comparator circuit box [4C].
Ch3-Output of defective current Pulse Counter circuit box [5C]
Ch4-Output of the defective acoustic Pulse Counter Circuit box [8A]
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2-Jul-01 Data No.13 D012 * SETUP OF l:
17:23:56 use Math?
) I No Yes\‘

dos

1.00 Y [

- 1 3

3

dos

5.0

| - 111 11 1 1 11 | .| | .| 111 11 IIII4

4

dos

5.0

Trace [ is
Z00M of
1254&3%

e M1 M2 M3 W4

HoOoV R
3 5 V DC | 2 0OC B.62 Y
4 5V 5Q 0 STOPPED

Ch2-Output of the current pulse Threshold Amplifier,Comparator circuit
box [4C]

Ch3-Output of the defective current Pulse Counter circuit box [5C]

Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here events on Ch2 and Ch3 coincided but somehow no bad acoustic
pulse on Ch4.
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2-Jul-01 DataNo.14 D013~ TRIGGER SETUP
17:42:43

b I ‘ SMART ‘
1 s 1
1.6808 Y
13
3_1_________ EE —trigger on—
é ESU T 1H34Ext
) T Extl@ Line
4rcoupling 2—
fettt = T A LFRES
4 I HFRET HF
1 s T
5.0V —slope 2——
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T 2 oldoer
1 s {é;é Time E;lll

1 5 V 50
3 5 Vv OC | 2 DC o.62 VY
§ 5 4 5w 0 STOPPED

Ch2-Output of the current pulse Threshold Amplifier, Comparator circuit
box [4C]

Ch3-Output of the defective current Pulse Counter circuit box [5C]

Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here the Ch3 shows the steps at the 2" vertical division due to the
double bad current pulses. Also the display shows the coincidence
of the events on all 3 channels as expected.
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2-Jul-61
18:12:33
2—
1 s

1.66 Y

Data No.15 D014

13

TRIGGER SETUP

‘ SMART ‘

—trigger on—

103 4Ext
Extl@ Line

—coupling 2—

1

4 08 AC LFREJ
HFREJ HF

1 s
5.6y
15
1 5 ¥ @0
2 1 ¥ DOC
3 5 V DC
05 v oo

—slope 2——
Neg

| 2 0OC o.62V

Ch2-Output from the current pulse Threshold Amplifier, Comparator
circuit box [4C].

Ch3-Output from the defective current Pulse Counter circuit box [5C].
It shows the presence of many bad current pulses.

It shows the presence of one defective acoustic pulse.

Ch4-Output from the defective acoustic Pulse Counter circuit box [8A].
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50 KS/s
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15 T
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3
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5.0V 1 Extl0 Line
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‘ i 4 I AC LFRES
4 I HFREJ HF

4
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1
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e e A

5.0 4 —

1 holdoff
1 s Time E;‘

i)
0C % 50 kS/s

oc | 2 0OC B.86 V
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Ch2-Input to the defective acoustic Pulse Counter circuit box [8A].
Ch3-Output of the defective current Pulse Counter circuit box [5C].
Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
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o = N
< = o
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3-Jul-01 DataNo.17 D000 TRIGGER SETUP
15:08:04

————— N\ ‘ SMART ‘
l s I
1.00 Y P\\J__ \\\MM&

P, r3

3 1 —trigger on—

L's I, A 103 46ext

\J\ ™ Ext10 Line
(\r;; e \'\-ﬁ______ —coupling 2—

| N T T N I o | HCLFREJ
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i

l s
c gy —slope 2——
Pos [N
humakdh o “W-"'é:
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BooVmR
3 5 v IOC ] 2 DCo.10 Y
B s v DC 0 STOPPED

Ch2-Output of the current Threshold Amplifier and Comparator circuit
box [4C] and input to the defective current Pulse Counter circuit
box [5C].

Ch3-Output of the defective current Pulse Counter circuit box [5C].

Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here outputs from both counters coincide.
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1
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Ch2-Input to the defective current Pulse Counter circuit box [5C]

Ch3-Output of the defective current Pulse Counter circuit box [5C].

Ch4-Output of the defective acoustic Pulse Counter circuit box [8A].
Here all three outputs coincide.
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Ch2-Similar to Data No.18

Ch3-Similar to Data No.18

Ch4-Similar to Data No.18
Here both current and acoustic defective
Pulse Counter outputs coincide.
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Ch2-Similar to Data No.18
Ch3-Similar to Data No.18
Ch4-Similar to Data No.18
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here one reset pulse is present just before the first vertical division
on Ch3 covering the time span of 0.5s (50 ms/div X 10 div) on the
horizontal time axis. Ch2 and Ch4 show counts of bad pulses.
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Ch2-Output of the defective acoustic Pulse Counter
circuit box [8A].

Ch3-To Reset from the One Second Data Sample
and Reset circuit box [9A].

Ch4-Output of the defective current Pulse Counter
circuit box [5C].
Here two reset pulses are present after 2" and
after 7" division on Ch3 separated by 1s
(0.2s/div X 5 div).Ch2 and Ch4 show counts of

bad pulses.
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circuit box [8A].

circuit box [5C].

Here one reset pulse is present after the

9" vertical division on Ch3. There should be
the one after the 4" division. Ch2 and Ch4
show counts of bad pulses.

Ch2-Output of the defective acoustic Pulse Counter

Ch3-To Reset from the One Second Data Sample
and Reset circuit box [9A].
Ch4-Output of the defective current Pulse Counter
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Time
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on Ch3. The 2"

Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].
Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].
Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here one resetJJulse is present just on the 2™ vertical division
should be there on the 7™ division but does not show.
Ch2 and Ch4 show counts of bad pulses.
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Data No.25 D020
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here one reset pulse is present just before the 1% vertical division
on Ch3.Timescale 0.2s/div.

Ch2 and Ch4 show nice counts of bad pulses.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].
Ch3-To Reset from the One Second Data Sample and Reset

circuit box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here two reset pulses are present separated by one second time

interval on Ch3.

Ch2 and Ch4 show nice counts of bad pulses.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here Ch2 and Ch4 show very nice counts of bad pulses.
Sometimes reset pulses do not appear on Ch3 because they are
of width 25us or less.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].

Ch3-To Reset from the One Second Data Sample and Reset circuit box [9A].

Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here Ch2 and Ch4 show nice counts of bad acoustic and current pulses
between two reset pulses (before 1% vertical division and after 5
vertical division) on Ch3.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].
Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].
Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here Ch2 and Ch4 show counts of bad acoustic and current pulses
between two reset pulses (next to 4th vertical division and next to 9"
vertical division) on Ch3.
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Ch2-Output of the defective acoustic Pulse Counter circuit box [8A].
Ch3-To Reset from the One Second Data Sample and Reset circuit box [9A].
Ch4-Output of the defective current Pulse Counter circuit box [5C].
Here Ch4 show nice counts of bad current pulses between two reset
pulses (next to 4" vertical division and after 9" vertical division)
on Ch3.
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Current pulses input to the One second Data Sample and Reset circuit
box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor is 203 mV and that on
Ch2 at the cursoris 31mV.

Note: Compare with the next oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].
Ch3-To Reset from the One Second Data Sample and Reset circuit box [9A].
Ch4-Current pulses input to the One second Data Sample and Reset circuit
box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed to 31 mV
and that on Ch2 at the cursor is changed to 234 mV.
Note: Compare with the previous oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and
Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Current pulses input to the One second Data Sample and
Reset circuit box [9A].
Two reset pulses are present on Ch3 separated by one
second time interval.
The value of the signal on Ch4 at the cursor is 609 mV and
that on Ch2 at the cursor is 31mV.

Note: Compare with the next oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and

Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].
Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed to
31 mV and that on Ch2 at the cursor is changed to 625 mV.
Note: Compare with the previous oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and
Reset circuit box [9A].
Ch3-To Reset from the One Second Data Sample and Reset

circuit box [9A].

Ch4-Current pulses input to the One second Data Sample and
Reset circuit box [9A].
Two reset pulses are present on Ch3.

The value of the signal on Ch4 at the cursor is 812 mV and
that on Ch2 at the cursor is 422 mV.
The high value on Ch2 is from previous storage of the transferred

data

Note: Compare with the next oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and
Reset circuit box [9A].
Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].
Ch4-Current pulses input to the One second Data Sample and
Reset circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed to
31 mV and that on Ch2 at the cursor is changed to 812 mV.
Note: Compare with the previous oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and
Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Current pulses input to the One second Data Sample and
Reset circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor is 609 mV and
that on Ch2 at the cursoris 16 mV.

Note: Compare with the next oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed to
31 mV and that on Ch2 at the cursor is changed to 625 mV.

Note: Compare with the previous oscilloscope display.
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Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is 969 mV and that
on Ch2 at the cursor is 406 mV.

Note: Compare with the next oscilloscope display.

A-39



23-Jul-01
11:42:43

ﬂ—

ls
0.58 Y
984 my

3—
l1s
1.0a v
31my

Data No. 40 D009

MEASURE

0Ff

Parameters

V1 gy Ty

—

mode
Time
Amplitude

4—
1 s
0.50 v
3lmy

type
Relative

Absolute

i
0oc
AC
oc

- A [T] —

— T Tl
= = - =
= BN

(o g
=
=

;

cursar
Position

Time 4.8644 5

| 4 DC0.15 Y

Ch2-Current pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Current pulses input to the One second Data Sample and Reset
circuit box [9A].
Two reset pulses are present on Ch3.
The value of the signal on Ch4 at the cursor now is changed to
31 mV and that on Ch2 at the cursor is changed to 984 mV.

Note: Compare with the previous oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and
Reset circuit box [9A].

Two reset pulses are present on Ch3 on 1% and 6" vertical divisions.

The value of the signal on Ch4 at the cursor is 516 mV and that
on Ch2 at the cursoris 0 mV.
Note: Compare with the next oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and
Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and
Reset circuit box [9A].

Two reset pulses are present on Ch3 on 1% and 6" vertical divisions.

The value of the signal on Ch4 at the cursor is now changed to
0 mV and that on Ch2 at the cursor to 531 mV after data transfer.
Note: Compare with the previous oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and
Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and
Reset circuit box [9A].
The value of the signal on Ch4 at the cursor is 781 mV and
that on Ch2 at the cursor is78 mV.

Note: Compare with the next oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and
Reset circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and
Reset circuit box [9A].
The value of the signal on Ch4 at the cursor is now changed to
0 mV and that on Ch2 at the cursor changed to 781 mV after
data transfer.

Note: Compare with the previous oscilloscope. ..display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is 1.172 V and that on
Ch2 at the cursor is 344 mV.

Note: Compare with the next oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit
box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is now changed to 0 mV
and that on Ch2 at the cursor changed to 1.118 V after data transfer.

Note: Compare with the previous oscilloscope.
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Data No.47 D016
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is 1.641V and that on
Ch2 at the cursor is 1.188 V.

Note: Compare with the next oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is now changed to 0 mV
and that on Ch2 at the cursor changed to 1.672 V after data transfer.

Note: Compare with the previous oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-This channel is turned off.

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
The value of the signal on Ch4 at the cursor is now changed to 0 mV
and that on Ch2 at the cursor changed to 1.672 V after data transfer.

Note: This display is the same as Data No.48 (the previous one) except the

Ch3 is turned off.

A-49



23-Jul-01
16:45:55
2—
l s
0.50 v
172my

E]—

l s
1.88 W
[my

4—
l s
0.50 v
266 my

iy
oc
AC
oc

=t [FTI P —

— o oen
= = = =
= =

(8]
=
=

Data No. 49 D019
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Ch2-Acoustic pulses output of the One second Data Sample and Reset

circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit

box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset

circuit box [9A].

Ch3 shows 2 pairs of reset pulses.
The value of the signal on Ch4 at the cursor is 266 mV and that on
Ch2 at the cursoris 172 mV.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset
circuit box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A].
Ch3 shows 2 pairs of reset pulses.
The value of the signal on Ch4 at the cursor is now changed to
0 mV and that on Ch2 at the cursor to 266 mV.

Note: Compare with the previous oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset
circuit box [9A].
Ch3-To Reset from the One Second Data Sample and Reset circuit

box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A]. Ch3 shows 2 pairs of reset pulses.
The value of the signal on Ch4 at the cursor is 156 mV and that
on Ch2 at the cursor is 0 mV.

Note: Compare with the next oscilloscope display.
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Ch2-Acoustic pulses output of the One second Data Sample and Reset

circuit box [9A].

Ch3-To Reset from the One Second Data Sample and Reset circuit

box [9A].

Ch4-Acoustic pulses input to the One second Data Sample and Reset
circuit box [9A]. Ch3 shows 2 pairs of reset pulses.
The value of the signal on Ch4 at the cursor is now changed to
0 mV and that on Ch2 at the cursor to 172 mV after data transfer.

Note: Compare with the previous oscilloscope display.
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].
Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].
Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].
Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].
Note: The circuit box [9A] is the last box in the chain. The two output counts
related to the defective current and corresponding acoustic pulses in terms of
DC voltages in the range 0 to 10 volts are fed into OPTO22 Analog Input
Module[10]. Hence the circuit box [9A] is also called OPTO22 Interface box.
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Time 452,84 ms

| 4 OC0.15V

Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

---Voltages corresponding to the cursor positions—

Ch1-537 mV

Ch2-26 mV

Ch3-84 mV

Ch4-21 mV

Note: Compare with the next display.
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: This is a special display where both cursors (before and after data

transfer)on each channel are shown.

---Voltages corresponding to the cursor positions—
Before transfer After Transfer

Note: Compare with the next display.
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Ch1-Input (current pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data
Sample and Reset circuit box [9A].

Note: Cursors are moved to the right to execute the first data transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-146mV........coeoiiiin 37 mV
Ch2-26mV........ccoeoieean. 229 mV
Ch3-84mV.......coovviiiinn 10 mV
Ch4-21mV.......ooooiiiiien, 115 mV

Note: Compare with the previous and next displays.
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Ch1-Input (current pulses related) to the One second Data Sample and

Reset
circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch4- QOutput (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: Cursors are moved again to the right to execute the second data

transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-631mV......ccceieiiiinne. 37 mV
Ch2-229mV.....coovviiiiiieeen, 636 mV
Ch3-599mV......cccooviiiiiinnn. 10 mV
Ch4- 99mV.......ooeiiiiin. 615mV

Note: Compare with the two previous displays.
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Ch1-Input (current pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data
Sample and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data
Sample and Reset circuit box [9A].

Note: This is a special display where both cursors (before and after

data transfer)on each channel are shown.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-37mV.....ooiiiin 131 mV
Ch2-26mV.....cooeeiiiiiiin, 26 mV
Ch3-84mV....ccoooiiiiiiii. 10 mV
Ch4-21mV.....oooiiiiiiii, 115 mV

Note: Compare with the next display.
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Ch1-Input (current pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: Cursors are moved to the right to execute the data transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-334mV......coooiiiiiien, 37 mV
Ch2-26 mV.......ooooiiiiii, 323 mV
Ch3-178mV.....cccoeeiiiiiii, 10 mV
Ch4-99mV......ooiiiiiiien 193 mV

Note: Compare with the previous displays.
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data Sample
and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data Sample
and Reset circuit box [9A].

Note: This is a special display where both cursors (before and after data

transfer)on each channel are shown.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-1.896 V.......coeviiiiiiiean. 53 mV
Ch2-21mV......coooiiiiien, 1.834 mV
Ch3-240mV......ccooviiiiiiieian, 21 mV
Ch4-53mV......cooeiiiiiiin, 303 mV

Note: Compare with the next display.
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Ch1-Input (current pulses related) to the One second Data Sample and
Reset circuit box [9A].

Ch2-Output (current pulses related) from the One second Data
Sample and Reset circuit box [9A].

Ch3-Input (acoustic pulses related) to the One second Data Sample
and Reset circuit box [9A].

Ch4- Output (acoustic pulses related) from the One second Data
Sample and Reset circuit box [9A].

Note: Cursors are moved to the right to execute the data transfer.

---Voltages corresponding to the cursor positions—

Before transfer After Transfer
Ch1-553mV....cccoevviiiininn, 53 mV
Ch2-1.834 mV.......coevvvenenen. 553 mV
Ch3-21mV.. ..o, 21 mV
Ch4-303mV...cccveviiiieen, 53 mV

Note: Compare with the previous display.
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