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PREFACE

This document is a collection of technical reports on research conducted by the participants in
the 2003 NASA/ASEE Faculty Fellowship Program at the John F. Kennedy Space Center
(KSC). This was the nineteenth year that a NASA/ASEE program has been conducted at KSC.
The 2003 program was administered by the University of Central Florida (UCF) in cooperation
with KSC. The program was operated under the auspices of the American Society for
Engineering Education (ASEE) and the Education Division, NASA Headquarters, Washington,
D.C. The KSC program was one of nine such Aeronautics and Space Research Programs funded
by NASA Headquarters in 2003.

The basic common objectives of the NASA/ASEE Faculty Fellowship Program are:

a. To further the professional knowledge of qualified engineering and science faculty
members;

b. To stimulate an exchange of ideas between teaching participants and employees of
NASA;

c. To enrich and refresh the research and teaching activities of participants institutions; and,

d. To contribute to the research objectives of the NASA center.

The KSC Faculty Fellows spent ten weeks (May 19 through July 25, 2003) working with NASA
scientists and engineers on research of mutual interest to the university faculty member and the
NASA colleague. The editors of this document were responsible for selecting appropriately
qualified faculty to address some of the many research areas of current interest to NASA/KSC.
A separate document reports on the administrative aspects of the 2003 program. The
NASA/ASEE program is intended to be a two-year program to allow in-depth research by the
university faculty member. In many cases a faculty member has developed a close working
relationship with a particular NASA group that had provided funding beyond the two-year limit.
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ABSTRACT

Bromothymol Blue (BT)/Bromocresol Green (BG) mixture (1/1) in hydrogel (1/1), produces a blue-green
indicator for HZ and/or NO7. The stability over a two months period of this BT/BG (1/1) indicator

solution was tested and no evidence of performance deterioration was detected. A dual HZ/NO,
prototype sensor utilizing an acid-base indicator was previously constructed. A monitor and control
circuit are also designed, built and tested during the course of this project. The circuit is controlled with
Motorola MC68HCI 1 microcontroller evaluation board to monitor the voltage level out of the
photodetector. Low-pass filter and amplifier are used to interface the sensor’s small voltage with the
microcontroller’s A/D input. The sensor, interface circuit and the microcontroller board are then all
placed in one unit and powered with a single power supply. The unit is then tested several times and the
response was consistent and proved the feasibility of dual HZ/NO, leak detection. Other sensor types,
suitable for silica glass fiber, smaller in size, more rugged and suitable for use on board of the Space
Shuttle and mussile canisters, are then proposed.




DEVELOPMENT OF HYDRAZINE/NITROGEN DIOXIDE FIBER OPTIC SENSOR

Alfred S. Andrawis &
Josephine Santiago

1. INTRODUCTION

Gases formed by rocket propellants (hydrazine and nitrogen tetroxide), used in the Space Shuttle and
other civilian and military applications, are very toxic to humans at low concentrations as well as
flammable and explosive at high concentrations. The American conference of governmental industrial
hygienists (ACGIH) has recommended that the exposure limits are 10 ppb for hydrazine (HZ) and 3 ppm
for nitrogen dioxide (NO; ) [1]. The explosion limit for HZ in atmospheric pressure is 2.9% [2].
Accidental leak detection is of a great concern to protect personnel, wild life and the environment.
A fiber optic sensor is an ideal and inherently safe propellant leak detector due to the following
advantages:
e  Spark hazard free, which is an obvious requirement for propellant leak detection.
¢ Immunity to electromagnetic interference making it suitable for use in the closed environment of
missile canister, spacecrafts and on board of the Space Shuttle.
e Distance to the measuring point can be great (several kilometers) due to small attenuation of
optical fiber.
Possibility of multiplexing several sensing elements to one remote data acquisition station.
¢ Low cost, lightweight, small size and low power component enables densely multiplexing sensor
arrays for precise leak localization.
o Can withstand relatively extreme temperatures, which further justifies their suitability for
acrospace and military applications.
Previous work was focused on the development of dual HZ/NO, prototype sensor utilizing an acid-base
indicator that undergoes color changes depending on which gas is present [2]. The indicator is imbedded
in a hydrogel matrix to aid long-term stability. This hydrogel is applied to a mirror that in turn is placed
in front of two plastic fibers. One of the two plastic fibers is connected to a 630 um LED while the other
is connected to a photodetector. Light emitted from the first fiber is reflected and collected by the second
fiber. The amount of the reflected light is a function of the hydrogel color i.c. dependent on detected gas.
The purpose of this project is to further the development of the sensor to produce a unit with alarm to
indicate either a fuel or an oxidizer leak is detected. Hence, the main objective of this project is to design
and build an electronic interrogator board to monitor propellant gas leaks (utilizing existing prototype
sensor) and to determine indicator solution stability over time. Another objective of the project is to
propose a plan for the development of other fiber optic sensors more suitable for aerospace and military
applications.
This report outlines an introduction of gas leak detection and two of the most common methods for
detection, it then describes the hardware and the software of the electronic interrogator board designed
during this summer, (the control code written in assembly language is attached as an Appendix). Finally,
several other fiber optic sensor configurations are also recommended which may be lighter in weight,
cheaper and more rugged than the present one in the laboratory.

2. WAVE PROPAGATION IN OPTICAL FIBERS
Optical fibers for communication systems are commodity items easily obtainable and competitively

priced. The attenuation characteristics of these fibers, which are the important features in the context of
remote chemical sensing, are well known and basically comprise a transparent window over the range 0.6
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— 1.6 um. Attenuation in this window varies from as high as 1 dB/km to as low as 0.2 dB/km. These

fibers are obviously excellent transmission media and are supported by an infrastructure of optical

components such as connectors, light sources, detectors, wavelength selective filters and numerous other

components. An optical fiber is produced by forming concentric layers of low-refractive-index cladding

material around a high-refractive-index core region. Light energy is contained within the higher-index

core due to the reflection at the interface of the two materials [3]. Figure 1 illustrates the mechanism of
the simplest class of fiber design, the step-index, where

' 1 is the refractive index of air,

1 is the core refractive index,

1, is the cladding refractive index,

8 is the critical angle, and

6, is the acceptance angle, also called acceptance cone half angle [4].

Refracted [

n ray Hy Cladding

e

Reflected ray

"ny Cladding

.

Figure 1. Structure of a step-index optical fiber.

As a light ray strikes the surface of the fiber, it is refracted slightly toward the center of the core with an
angle that is a function of the glass/air interface refractive-index difference. Once the ray enters the core,
it propagates and strikes the core/cladding interface. If the angle at which the ray strikes the core/clad
interface is less than the critical angle defined by the core/cladding refractive-index difference, it reflects
back into the core and continues to propagate in the same manner. Although the light energies are totally
reflected, the electromagnetic fields still penetrate into the cladding as evanescent fields (Section 3.5). If
the ray strikes the core/clad interface at an angle greater than the critical angle, it passes into the cladding
and is eventually lost.

The critical angle within the fiber translates to an acceptance angle at the fiber surface. The sine of this
angle defines the numerical aperture of the fiber. Numerical aperture is a parameter that defines the cone
of optical-energy acceptance of the fiber and is critical to the coupling efficiency and propagation
properties of the fiber.

3. SENSING TECHNIQUES

There are numerous gas sensing techniques, two of the most common methods are outlined in this
Section.

a. Coupling Technique

Transducers in which the light exits from an optical waveguide and is coupled to the same or other
waveguide/s are called coupling based transducers [5]. The light must be extracted from the waveguide in
order to interact with the sensing material. This principle has led to a range of gas sensor designs: single




or multiple fibers, either single-mode or multimode, in transmussive or reflective configurations. The
existing HZ/NO; leak sensor utilizes the reflective configuration as shown in Figure 2, and the sensing
material 1s a pH indicator solution. The coupled power collected by the receiver fiber changes according
to color change in the sensing material upon exposure to acidic and basic gases.

Sensing material

Light ﬁ> ( )
Modulated Light <;:| { )

(a) (b)
Figure 2. Reflective configuration of coupling-based HZ/NO, leak sensor using: (a) a single fiber acting
as both emitter and receiver, (b) one fiber acting as emitter, another fiber acting as receiver.

Sensing material

Mirror

Mirror

One of the major drawbacks of the usc of coupling based transducers, especially with single-mode fibers,
is the poor coupling efficiency between the fibers, which greatly affects the resolution of the sensor
system. Intensity modulated optical sensors were developed to utilize volume or GRIN optics or fiber
bundles to compensate for the limited displacement range of measurement with bare optical fibers. Other
designs have been proposed: a single fiber acting as both emitter and receiver, or two or more receiver
fibers as an alternate form of compensation.

b. Evanescent Field Technique

The evanescent field or wave is a well-known effect experienced by light at boundaries with a refractive
index change: although the light can be totally reflected by the boundary, part of the electromagnetic ficld
‘enters’ the other side, occupying the two media [5]. This is the case for optical waveguides. As shown in
Figure 3.a, light is guided by the core (inner medium of higher refractive index), but a small percentage of
the field, called the evanescent field, travels in the cladding. If the cladding is removed, or its properties
modified, the evanescent wave, and thus the guided light, is able to interact with the sensing material,
providing the basis for many sensing schemes (see Figure 3.b).

The simplest evanescent transducer is made of a segment of optical fiber with the cladding removed or
side-polished. Many chemical species in gas form can be directly detected through the absorption of the
evanescent wave. An indirect measurement can be performed by substituting the cladding with a material,
layer or film whose optical properties can be changed by the substance to be detected, usually indicator
dyes immobilized by a sol-gel film deposited on the core’s surface. Sensitivity and the long-term
reliability due to the surface contamination as well as the degradation of the indicator are major concerns
in this design.

One of the drawbacks of evanescent field sensors based on conventional waveguides is the weak
interaction with the sensing material due to the small excursion of the field into the cladding. In order to
improve the weak interaction of the evanescent field with the sensing material, tapered segments of
optical fibers have been proposed as shown in Figure 4. The field strength decreases exponentially outside
the core regardless of the waveguide shape or modal distribution. The evanescent field penetration depth
into the cladding is inversely proportional to the normalized frequency number, V, defined as:

2ma
V:T m -,



where: a is the radius of the core, and

A is the wavelength of the light ray.
The evanescent field penetration depth into the cladding is inversely proportional to the normalized
frequency number V. The lower the value of V, the greater the evanescent field penetration into the
cladding. The ratio of optical power through the cladding to the total optical power (P,/P) is controlled
by several factors such as core diameter, operating wavelength and several other factors.
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Figure 3. (a) Evanescent field in a guided optical medium,;
(b) Scheme of a transducer based on this principle (modified cladding).
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Figure 4. Fractional power flow of a step-index fiber as a function of V. [3].
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Figure 5. Optical fiber with a new proposed tapered segment.




As the sensing film changes its color P,, will change accordingly. Mampulating the ratio P,+/P could
control sensor’s sensitivity and insertion loss.

4. PROTOTYPE FIBER OPTIC SENSING SYSTEM

This section explains the hardware and the software designed to interrogate the prototype HZ/NO, leak
sensor designed and built by Ms. Rebecca Young (KSC colleague). The sensor is a reflective
configuration type with two plastic fibers: one fiber acting as emitter, and another acting as receiver as
shown in Figure 2. Sensor’s interrogator circuit is controlled with Motorola MC68HC11 microcontroller.
The MC68HC11 microcontroller has built in 8-channels/8-bits analog-to-digital (A/D) converters. A/D
channel #2 (pin # PE-1 connected to the amplifier output) is to monitor the voltage level out of the
photodetector. The following two sections explain the hardware of the circuit needed to condition the
output signal of the sensor to interface with the A/D input.
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Figure 6. Leak sensor control circuit.

a. Interrogator Circuit Hardware

The minuscule voltage from the photodiode circuit needed to pass through a low pass filter to remove

unwanted higher frequency components, and a non-inverting amplifier with a gain of 15 for the voltage to

fall within the 2-5V input range of the microcontroller (input pin PE1). The voltage resolution is

(VrH — VrL)
G n

calculated using the equation , where V. =5V (reference voltage high), V, =2V

(reference voltage low), G is the amplifier’s voltage gain, and » is the number of bits per sample of the
A/D (8 bits/sample for the HC11). The calculated resolution is found to be 0.78 mV/division.

Circuit schematic diagram is shown in Figure 6.

b. Interrogator Circuit Software

Due to the fact that the output voltage drifts slowly, the output voltage per minute is allowed to drift
within certain tolerance. Therefore, three tolerances are imbedded in the code: one is when no gas leak is
suspected (TOL) and the other two are when gas leak is suspected (HZTOL for hydrazine and NO2TOL
for NO,). A flow chart of code flow is shown in Figure 7. The microcontroller software would be able to
effectively detect the presence of Hydrazine (52 ppm) in one minute and Nitrogen Dioxide (400 ppm) in
two minutes. However, for convenience detection time is set to be two minutes for both gasses. More
detailed flowcharts for the code are included in Appendix A. The control code, written in assembly
language, is included in Appendix B.



Main Program for MMH and HO2 Sensor
Please refer to page number for more details

Initialize
1. ADPU
2. ADCTL

LDX#DLY

|

JUMP to Detay
SBRTN

—

JSR Read A/D &
Store in ZRVL

Y

JSR Read A/D &
Store in IPT

ZRVL=(ZRVL+PT)2

IPT-ZRVL<0

Y MMH Alarm
and recheck END
(Page 3)

and recheck
{Page 4)

Figure 7. Control code flow chart.
5. SUMMARY OF RESULTS

The six sensor caps had different baseline values for each trial. This could be due to inconsistencies in
the fiber distance to the mirror, inconsistencies of the thickness of the indicator solution on the mirror,
and/or instability of the power supply (first set of trials were done on 9V batteries while the rest were
done using a wall pack power supply). Overall, the performance curves of the sensor caps were
consistent over the two months period, as shown in Figure 8.
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Figure 8. Sensor response using indicator solution made on 30 June 2003.
Test conducted on 3, 11 and 18 of July 2003 for the detection of
(a) 52 ppm Hydrazine and (b) 400 ppm Nitrogen Dioxide.

6. RECOMMENDED DEVELOPMENT PLAN

The objective of this plan is to design, fabricate and test a more advanced, dual HZ/NO,, leak detector.
The ultimate goal is to detect concentrations as low as ACGIH recommended exposure limits. The
research will be conducted in phases, vapor’s concentration will be decreased in later phases.

Rather than fabricating just a fiber optic sensor, the final outcome of this proposed project includes a fiber



optic sensor, signal conditioning circuit, microcontroller system and alarm system.

a.

Sensor

As indicated in Section 3, two types of sensors could be used for this application; coupling type and
modified cladding (evanescent field) type. The coupling type is the one experimented with in the
previous section. In this section, suggestions are given to, fabricate the coupling-type sensor using silica
fiber and to fabricate cladding type sensor using the same sensing chemical as the one used in this
experiment.

b.
An

Coupling Type: To facilitate using silica fiber in a coupling type sensor, collimators could be
attached to the emitting and the collecting fibers as shown in Figure 9. However, in this configuration
the two collimators have to be placed at equal angles with respect to the reflecting mirror. While this
configuration could be hard to align, the success of the preliminary work guarantees its validity.

Lightin

Optical Fiber Collimating Lens

Sensing materiel

Collimating Lens

Optical Flbe//

4

Modolatad Light

Figure 9. Silica fiber coupling type sensor using collimators.

Modified Cladding Type: Based upon the success of this preliminary work, the following conclusion
could be drawn; the red light (A= 633 nm) reflected off a mirror covered with a sensor film is a
function of the gas applied to the film. The same concept is applicable for the second type of sensors:
evanescent wave type. The basic modified cladding type sensor configuration as the one shown in
Figure 2b should be fabricated and the following parameters should then be evaluated with HZ as
well as NO,:

o Percentage change of received optical power per unit time vs. chemical exposure run,

e Percentage change of received optical power per unit time vs. wavelength.

e Percentage change of received optical power per unit time vs. gas concentration.

Electronic Interrogator

amplifier is a suitable electronic circuit to interface the photodetector to the A/D input. Amplifier gain

‘could be determined to adjust sensor’s output voltage to match A/D input allowable range.
To increase the resolution of the detector system, 16 bits - 10-bit A/D microcontroller is suggested to
monitor the sensor (Motorola MC68HC12 is suggested).

7.

CONCLUSIONS

The stability of the BT/BG mixture in hydrogel was tested over a period of two months and no evidence
of performance deterioration was detected. However, there was no permanent baseline value for the start
of each trial. The six sensor caps had different baseline values that fell in the range from 150 mV to




350 mV. The differences could be due to inconsistencies in the fiber distance to the mirror, the thickness
of the indicator solution on the mirror, and/or impurities (in the form of bubbles or dust particles) in the
indicator solution or on the surface of the mirror. The experiment was repeatable with consistent
response.

An alarm unit, to monitor sensor’s output voltage based on the MC68HC11 microcontroller, was
successfully built and tested. This alarm unit successfully detected the presence of HZ (52 ppm) and the
presence of NO, (400 ppm) in two minutes time. Detection time could be smaller, however the system
may be more prone to false alarms.

Recommended development plan includes the development of other sensor types, such as the modified
cladding sensor. Several paramcters to be tested are suggested such as response vs. chemical exposure
run, response vs. wavelength, and response vs. gas concentration. Future development plans also include
a 16 bits - 10-bit A/D microcontroller to monitor the sensor.
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APPENDIX A

Hydrazine Detection and Recheck
Page 3

Con.
Main
y
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Update Vge tat

VGE={ZRVL-INPT)SCALE/GAIN
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Convert VGE & TOTVGE to Decimal

Print:
1. Warning message
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3. Tot Vge diff since
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l
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JSR 1 Min DLY

Figure a. Code segment for HZ detection routine (NO; routine i.e. Page 4 is very similar)
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ABSTRACT

The Mars environment comprises a dry, cold and low air pressure atmosphere with low gravity
(0.38g) and high resistivity soil. The global dust storms that cover a large portion of Mars are observed
often from Earth. This environment provides an ideal condition for triboelectric charging. The extremely
dry conditions on the Martian surface have raised concerns that electrostatic charge buildup will not be
dissipated easily. If triboelectrically generated charge cannot be dissipated or avoided, then dust will
accumulate on charged surfaces and electrostatic discharge may cause hazards for future exploration
missions. The low surface temperature on Mars helps to prolong the charge decay on the dust particles
and soil. To better understanding the physics of Martian charged dust particles is essential to future Mars
missions. We research and design two sensors, velocity/charge sensor and PZT momentum sensors, to
measure the velocity distribution, charge distribution and mass distribution of Martian charged dust
particles. These sensors are fabricated at NASA Kenney Space Center, Electrostatic and Surface Physics
Laboratory. The sensors are calibrated. The momentum sensor is capable to measure 45 um size particles.
The designed detector is very simple, robust, without moving parts, and does not require a high voltage
power supply. Two sensors are combined to form the Dust Microdetector - CHAL.




Development of Charge to Mass Ratio Microdetector for Future Mars Mission

Chen, Yuan-Liang Albert

1. INTRODUCTION

To date, there have been no direct measurements on the surface of Mars that characterize the
concentration or distribution of the acrodynamic size, mass, shape, or charge deposited on suspended dust
[1]. The dust is of great importance on Mars. Dust appears to have both long-term effects on the surface
geologic evolution as well as on the aeolian processes in the present climate conditions. Early spacecraft
missions confirmed that changes observed in the planet’s surface markings are caused by wind-driven
redistribution of dust [2][3]{4]. Suspended dust is known to alter the atmospheric thermal structure and
circulation. Large, planet-encircling dust storms occur on average once every three Martian years [5][6].

There are three sources by which the dust particles can be charged: (1) Saltation, the process by
which small grains of dust are lifted off the surface due to impact of a dust-laden flow; (2)
Photoionization, [7]]8] soil and dust particles acquire a charge due to incident UV radiation; (3)
Triboelectrification. The high frequency of dust devil activity in some regions and scasons and the
presence of local and global dust storms produce a favorable environment for inter-particle contact
charging. This charging is exacerbated by the low humidity in the dry Martian atmosphere. The wind
mixes the dry dust and could produce bipolarly charged dust clouds as happens for both terrestrial dust
devils [9][10]. Since grain clectrification is casier to obtain in the low-pressure dry atmosphere of Mars
[11], there is a good possibility that dust raised during storms would undergo intense electrification.
Experimental studies conducted at KSC show that simulant dust is highly resistive and has a long charge
decay constant at very low temperature.

The primary objective of this project is to develop the Dust Particle Analyzer (DPA), a
microdetector that is capable of performing real time, simultancous measurements of the mass, the
velocity and the electrostatic charge distributions of dust particles in the Martian acolian process. This
objective will be achieved by: (a) the design and development of a low cost, simple, and robust detector;
(b) calibrating, breadboard testing and design concept improving; (c) testing and evaluation of the
detector in simulated Martian atmospheric conditions with respect to temperature and pressure for the
measurement of mass, electrostatic charge, and velocity distributions. This detector is named - CHAL.

2. CHAL DETECTOR DESIGN

. The CHAL detector consists of two major components. They are: (1) velocity/charge
sensor; (2) mass/momentum sensor. These two sensors, each serving different purposes,
combined to form the detector as shown in Figure 1. The velocity/charge sensor measures the
charge of particle and TOF (time of flight) as the particle passed through two identical capacitors
at a pre-determined distance.

—> Velocity/Charge } ‘> PZ

Faraday Cup and PZT

Figure 1. Charged dust particles pass through velocity/charge sensor
impacts on the momentum-PZT sensor.




The mass/momentum sensor utilizes a piezoelectric ceramic (PZT) to measure the impact momentum
delivered to the PZT. Obtaining the velocity from the first sensor, we can calculate the particle’s mass.

2.1 Momentum Sensor

Momentum sensor uses the property of Piczoelectric Transducer (PZT) that changes the
mechanical energy (crystal distortion due to stress applied —~ impacted particle’s momentum) into
electrical voltage. By calibrating the momentum/voltage relationship the voltage output is translated into
the impact momentum of the incident particle as depicted in Figure 2.

- Incident Particle

>

Voltage Output

>

Figure 2. The top plate of PZT Transducer
received the momentum from incident
particle causes a voltage change at the output

The PZT sensor is calibrated by using “bead dropping™ procedure. Different spherical masses
(beads) are dropped from different heights to induce a voltage at the PZT output leads. We use 1.4 mg,
2.0 mg and 7 mg iron beads and drop these beads from .1 cm to 3 cm. The results are presented in figure
3. The equation from the curve fitting shows a 0.4377 power factor, which is very close to the 0.5 factor
calculated value. Figure 3 presents the relationship between impact momentum and PZT voltage
response.

Physical Callration of PZT
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| S— rer (Series1)
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Figure 3. Beads Dropping Results for 2mg iron sphere.
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PZT Calibration Normalization

Volts {(mV}

y = 122.19x + 21.661
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Figure 4. Normalized PZT Bead Dropping of 2 mg iron sphere at different
Height. The minimum voltage at x =0 is 21.661 mV,

The PZT used has a noise level of 10 mV. Including the minimum voltage 21.661 mV from PZT
gives the low threshold of 30 mV as shown in Figure 4. The 30 mV is at 0.68 * 10° Ns, the lowest
impact momentum that is detectable by our disc PZT. For a particle with 2.4 m/s. the smallest size that
can be detected is 45 pum at a density of 2 g/cm® (JSC-Mars-1 simulant).

Advantages of the piezoelectric sensor, PZT, are: (1) low cost of producing and
processing; there are many different type sensors for a wide range applications readily available
commercially; (2) can be form a different shapes and sizes so it is very adaptive to the
instrumentation need; (3) momentum-to-voltage sensitivity can be very high. In this project, we
selected a thin disc form PZT. A stack form PZT, instead of disc form, can be selected for higher
momentum-to-voltage response to measure smaller particles. The drawbacks of PZT are: (1)
temperature dependence - at Mars temperature condition, a temperature calibration parameter
will be needed to measure accurately the momentum from the PZT voltage output: (2) PZT is
pyroelectric, which means that it is sensitive to sudden temperature. The pyroelectric signal can
not be distinguished from the piezoelectric signal. A special caution has to be taken to decide the
unwanted signals.

2.2 Velocity/Charge Sensor

When a charged particle passes through the center of a cylindrical capacitor, an equal amount of
opposite charge will be induced on the capacitor. By measuring the induced voltage on this capacitor and
knowing the capacitance of the cylinder, we can compute the original charge of the passing particle.
Setting two cylindrical capacitors at a predetermined distance and measuring the time (TOF) that takes
the charged particle to pass through, the particle speed can be calculated. Figure 5 shows a two cylindrical
capacitors system that was constructed to perform the experiments. The cylinder is a brass tubing of
0.1875 cm OD, 0.1595 cm ID and 1.0 cm in length. Each cylinder is supported by a 0.5 ¢cm long Teflon
spacer and housed inside a 0.347 cm ID brass tube. Two cylindrical capacitors are mounted inside a 0.96
cm ID grounded metal cylinder. The cylinders and amplifiers form the center component of the
velocity/charge sensor. Two cylinders are separated by 2.0 cm in the housing tube. The effective
separation distance “d” is 3.0 cm. In front of the first cylindrical capacitor, there are three collimator



disks to filter and align the dust particles. The collimator has a small hole, diameter 0.033 c¢m, at the
center of the disk. The charged dust particles must pass through three collimator plates to reach the
capacitor sensors.
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Figure S. Velocity Sensor Design

The capacitance of the sensing tubing is 49.2 pF [12]. This capacitor in series with a fixed
external capacitor, 3.3 pF, forms a voltage divider. The induced voltage is measured through an amplifier
with a gain of 21. Figure 6 shows the basic electronics of the amplifier. The amplifier is using a
LMC6042 chip, which has two identical OP-Amps. This is a non-inverting amplifier. The total gain of the
amplifier is determined by the ratio of two external resisters Ry, Ry, and the voltage divider.

Charge Sensor

v R2 R1

T— 33 pF
Gain=R1/R2 +1

Figure 6. Velocity Sensor Amplifier Circuit




The amplifier circuitry is derived from the MECA electrometer, a proven flight instrument
designed and developed by NASA KSC Electrostatic and Surface Physics Laboratory Team and NASA
JPL scientists [13][14][15]. We use this circuit to simplify the design and to cut down the hardware cost.
A Tektronix Digital Phosphor Oscilloscope (DPO) model DP03052 (500MHz, 5GS/sec, 2 channels) was
used to collect the data. A DPO probe type P6139A (10 Mohm, 8 pF, 500 MHz, 10:1) was used to pick up
the output voltage coming from the sensor amplifiers.

The circuit gain is calibrated by sending a calibrated AC signal through a known external
capacitor, 160 pF, which replaces the cylindrical capacitor. The output is measured and compared with
the input signal. Figure 7 illustrates the calibration procedures.

—L—_..._ G
Vi
vt () Vout
Op-Amp
& Gain: A

Figure 7. Velocity/Charge Sensor Calibration

The total gain of the sensor G is related to circuit components as

G-V 4. Sy
Vo c,+C,
The calibrated G is then used to obtain the charge on the cylinder capacitor by
V., c
Qcyl = Ccyl 4 = - 2

“ TG T, +C, "
The G value has to be determined by experiment. A signal generator supplies a 200 mV input voltage
with variable frequency was used. The data are recorded for V,./ Vi, with respect to frequency.

TOF Amplifier A Calibration

Gain

0 1 2 3 4 5

Frequency (k Hz)

Figure 8. Calibration Results for Amplifier A, the amplifier applies to the
first cylindrical sensor. It has a constant total gain between
450 Hz to 2.8 KHz.
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Figure 8 shows the calibration results for the first of two cylindrical velocity/charge sensor. The
total gain has a fairly flat area at 450 Hz to 2.8 KHz. This means that the amplification within
this region is frequency independent. The lower limit of particle speed detectable is around 2
m/s; the upper end is at 12.4 m/s for this constant amplification region. For higher particle
speed, the gain factor in the calibration curve has to be taken into consideration.

Delivering dust to the CHAL microdetector testing is the most difficult task. One of the methods
is using the Dust Impeller in a vacuum chamber to test the system. The impeller fan propels dust particles
to the velocity sensor. We are currently working on different dust delivering schemes.

3. DISCUSSION

The velocity/charge sensor is very simple, inexpensive to build, and can be fabricated
into a very small instrument to measure the velocity vector as well as charge of dust particles on
Mars. The small cylindrical capacitor configuration with the amplifier has high input impedance.
It is necessary to take extra care for noise reduction. We find that by packaging the sensors in a
conducting enclosure reduces the noise a great deal. A single dust particle source is needed to
test the velocity/charge sensor.

In Martian atmosphere conditions, due to a 0.38 g Martian gravity, the lower limit of
particle speed is approximately 1.5 m/s to 2.0 m/s. Slower particle detection can be achieved by
shorting the distance between the cylindrical capacitors, and/or increasing the diameter of the
cylinders. The upper limit of the particle velocity is controlled by the speed of the electronics.

The Quartz Crystal Microbalance (QCM) has been widely used for micro-scale mass
detection. The QCM is reliable and able to detect very small mass. However the electrostatic
adhesions of dust particles require an extra effort to clean the detector. The PZT can be made
very small. It has a fast response, simple design, and is very inexpensive. The PZT needs
calibration for temperature and momentum/voltage sensitivity. We selected the PZT over the
QCM for the reasons that PZT handles the dust adhesion with better single response for single
dust particle, and smaller physical size. The PZT sensor is capable of measuring the individual
particle mass to collect the mass distribution of Martian dust particles and total charges over a
given period of time.

4. CONCLUSIONS AND FUTURE WORK

We designed the velocity/charge sensor with a few targets in mind: (1) simple, (2)
inexpensive to build, (3) small size, and (4) fewer problems of dust cleaning and maintenance.
The current research efforts at NASA KSC Electrostatic and Surface Physics Laboratory are also
concentrating on the development of miniaturize the Electronic Single Particle Aerodynamic
Relaxation Time (E-SPART) analyzer that is capable of performing real time, simultaneous
measurements of the aerodynamic diameter and the electrostatic charge distributions of dust
particles in the Martian aeolian process. The E-SPART analyzer requires a high voltage power
supply and offers a fast response for possible multi-particles analysis. The E-SPART is quite
expensive. The detector developed in this project is a complementary instrument to the NASA
KSC E-SPART analyzer to cover the area that requires a quick measurement and works under a
more restrained environment. We are also developing the CHAL automation to make this sensor
more adaptable to those applications require charge measurement over small particles.
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ABSTRACT

This report summarizes lightning phenomena with a brief explanation of lightning generation
and lightning activity as related to KSC. An analysis of the instrumentation used at launching
Pads 39 A&B for measurements of lightning effects is included with alternatives and
recommendations to improve the protection system and up-grade the actual instrumentation
system. An architecture for a new data collection system to replace the present one is also
included. A novel architecture to obtain lightning current information from several sensors using
only one high speed recording channel while monitoring all sensors to replace the actual manual
lightning current recorders and a novel device for the protection system are described.
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LIGHTNING INSTRUMENTATION AT KSC
Jose L. Colon

1. INTRODUCTION

Lightning is a natural phenomenon, but can be dangerous. Kennedy Space Center is located near
the maximum lightning activity and lightning represents a hazard for all phases of space lift
operations. Prevention of lightning is a physical impossibility and total protection requires
compromises on costs and effects, therefore prediction and measurements of the effects that might
be produced by lightning is a most. The Air Force Weather Squadron provides prediction of
lightning at KSC using several ground-based instruments and it is well attended. Protecting the
launching pads from lightning effects cannot be absolute, but some critical sections are now
exposed to possible lightning strikes. Adding more protecting wires can reduce the probability.
Adding and inexpensive corona device to the actual protection wires might also help to reduce this
probability, but further analysis and investigation is needed on this subject.

Measurements on several electrical parameters are needed to evaluate possible effects on sensitive
electronic equipment and most of them are been measured. But the electric and magnetic fields
induced by lightning currents in the Payload Changeout Room (magnitudes and rate of change) are
not been monitored. This data is needed to determine possible damaging effects into payload. The
system in use to determine the lightning effect in the slide wires is a manual reading system, which
is time consuming and requires a complex calibration process and does not provide all the needed
data. This system can be replaced with a novel one that can provide the needed data in electronic
format for integrated processing using only one high-speed channel recorder.

2. LIGHTNING PHENOMENA

The atmosphere is an electrical insulator or not a good conductor. Due to sun energy or radiation,
moisture is always present and accumulates forming clouds. Since the atmosphere with the clouds
is a gas with particles in continuous movement, due to the same sun activity, there are collisions
continuously, and an ionization process is present that produces a huge amount of positive and
negative charges. These charged particles tend to separate under the influences of upper drafts and
gravity and same type of charges accumulates in large sections of the cloud {1]. This will produce
an enormous electric potential (voltage that can amount to millions of volts) within the cloud,
between clouds, between clouds and ground, and also between cloud and upper atmosphere or
stratosphere.[1]

When an insulator; any insulator (solid, liquid, or gaseous) or a semiconductor, is subject to a
high voltage across it, the covalent bonds of the molecules, will “breakdown”(as it is named)
producing a large amount of conducting electrons and the material becomes a good conductor.
(This effect is known as the Zener breakdown in solid semiconductors and Plasma for gasses.)
The total voltage will be distributed between the charged regions and, since it is a gas with
moisture in a continuous movement, density is not uniform and the ionization will