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ABSTRACT

The intended use of a diluent gas with oxygen for long duration
aerospace missions requires the development of a sensor system to accurately
measure the partial pressures of the mixed gas constituents.

This report summarizes the results of a Phase II program to design,
develop, and test a Two Gas Atmosphere Sensor System based on photometric
techniques.

The report also discusses the Phase I study effort of a previous
contract and describes the technical approach for this program. The Phase Ila
design effort and the Phase IIb fabrication effort are presented. An assess-

ment of performance is made and recommendations for future work are made.

The program has consisted of a detail design based on the recom-
mendations of the study program, implementation of the approved design, and
an assessment of the performance of the resulting units.

Four ‘units have been fabricated and tested under this program.
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SECTION 1

INTRODUCT ION

The proposed use of a Nitrogen-@xygen atmosphere or a Helium-Oxygen
atmosphere for life support systems of future manned spacecraft requires the
development of a sensor system to accurately measure the partial pressures
of the principal gases. Recognizing this requirement,,a Phase I Study and
Phase II Detail Design and Fabrication effort was performed by the Perkin-Elmer
Corporation, Norwalk, Connecticut for the National Aeronautics and Space
Administration, Langley Research Center, Langley Station, Hampton, Virginia,
under Contracts NAS1-5678 and NAS1-6467. The study was in progress from
15 November 1965 to 15 March 1966, The Phase II program for the fabrication
of four pre-flight models is the subject of this report.

This instrument, designated as a Two Gas Atmosphere Sensing
System, provides partial pressure information of the principal gases as an
analog electrical signal for integration into a functional atmosphere con-
trol system.

The Phase I report1 recommended an optical photometric concept as
appropriate for this sensor. The design concept developed during the study
program utilizes two sensor channels and a total pressure transducer to pro-
vide five different measurements (partial pressure of 0, CO,, H,0, N, or He,
and total pressure) and electrical signals proportional to these measurements
for monitoring and possible application to cabin atmospheric control systems.

The work done under the Phase I study resulted in recommended over-
all requirements for the system. This system is a logical and desirable im-
provement of the present technology. The system described in this report
represents advanced techniques utilizing state-of-the-art components and con-
cepts that result in a sophisticated system capable of application to many
future programs.

In the Study Report, the application of the Two Gas Atmosphere
Sensor System to a future spacecraft model was reviewed for the recommended
operational criteria. Investigation of the visual readout compatibility of
the system indicated that the output readily lends itself to the display
of the portions of the partial pressure ranges that are considered most
significant. For example, there is no appreciable difficulty encountered in
displaying the analog voltage for the oxygen partial pressure having a range
of 0 to 5 volts, for a variation in oxygen partial pressure of some arbitrary
limits, such as 125 to 250 millimeters Hg of partial pressure. Likewise, the
zero point on the total pressure indication can be set at some selected point
and does operate over a range of 200 to 400 millimeters Hg of total pres-
sure. ' Theré are a minimum nember d¢f operationsl supplius roquired for
tho duration of tho nilaions 1nd1cated o ,

.t - L=

1'rwo Gas Atmosphere Sensor System, Conceptual Design Study, Phase I

Final Report. NASA Document CR66175.




The goal of the continuous closed-loop operation of the system,
described in more detail later in this report, automatically compensates for
changes in its reference, permitting continuous performance throughout the
mission without the use of laboratory type controls or adjustments in either
zero or span. It is this aspect of the design that facilitates the utiliza-
tion of the proposed system in an extended duration spacecraft mission.

There are unresolved difficulties at present with the water vapor
and oxygen channel span stabilities. These are a result of the design problems
of the UV sample cell and are discussed in Section V. These problems have not
been resolved due to funding limitations under the present contract, but addi-
tional work is planned in this area. At present, the philosophy on the main-
tainability of the system is to use high reliability components which would
preclude the necessity of either maintenance in the field or during the mission.

Assessments have been made in the Study Report of the applicable
sensor technology with respect to the specified basic requirements. With
respect to zero gravity operation, it is felt that no degradation of the
system's performance will occur under zero-G conditions. The performance
of the system is not impaired by exposure to hard vacuum. The accuracy and
response time necessary for control have been synthesized on the basis of
a suggested spacecraft model. There is no difficulty encountered in the
response time requirement and the accuracy requirement was judged to be
within the performance capability of the proposed instrument. However, the
accuracy requirement has not been demonstrated on the water vapor and oxygen
channels at the present time.

The operational life of the system is not known, but is anticipated
to extend well beyond any other previous sensing method. There are no wearout
components or systems within the Two Gas Atmosphere Sensor and operation in terms
of years can be anticipated with occasional adjustment in the analog circuitry
due to aging. Shelf life of the system is also undetermined, but investigation
of our vendors' studies and our own studies has shown no degradation of
performance after a 3 to 5 year shelf life. The critical item in the deter-
mination of the shelf life would be electronic components, such as the sintered-
anode low leakage tantalum capacitors, and the formation of UV absorptive films
over long term sampling of unclean samples. This latter effect has not been
fully evaluated and requires additional work to be completely defined.

The energy, material, and atmospheric sample requirements of the
system are minimal. It is only necessary to apply a 28 volt supply to energize
the sensor; to mount it on a suitable dimensionally stable surface; and to
provide a few inches of water pressure head at a representable sample point.
No other special considerations need be given to the installation in a space-=
craft or in the laboratory. The system should be independent of orientation
and practically independent of normal environments. However, the results of
tests on the first production unit have shown an attitude sensitivity attribu-
table to orientation in the earth's field affecting the photomultiplier de-
tector. The detector requires shielding, which has not been accomplished in
the present design.



Shock and acceleration stresses, temperature stresses, acoustical
noise, sand and dust, salt spray, or rain should not impair or change the
performance of the system. Selected vibrational stresses at particular fre-
quencies and amplitudes may, of course, cause a resonance of the system and
impair its operation at those particular points. However, operation before
and after these frequencies can be achieved and the system can be anticipated
to be independent of vibrational stresses below 3 to 5 g's over the frequency
range from 5 to 2000 Hz.

All of the output signals, as well as provisions for the input power
and for operation of the equipment in a test mode and a zero check mode, are
provided by the single power plug. No switches are provided on the sensor as
all switching would be done either on a control panel or externally to the
system. All of the sample gas enters through a flared-tube inlet port, passes
through the various sample compartments, and is eluted from the flared-tube
output port.

A pressure drop of only a tenth of an inch of water is necessary
to provide the 10 second response of the system. Special considerations have
in this configuration for a smooth flow of gas through the sample
system and to provide these compartments with regular uniform cross sections
with a minimum of trapped volumes or tortuous diffusion paths, which would
extend the response time of the sensor.

o
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The conceptual model of the study report approach is shown in
figures 2 and 3.

PRESENTATIONS

Four formal presentations were made during the Phase II program.
The first presentation was made at NASA/LRC on October 4, 1966 to personnel
of NASA centers and the Department of Defense. The presentation covered the
work accomplished under Phase 1 of the contract and the work planned under
Phase 1I.

On October 5, 1966, the preliminary design review took
place at NASA/LRC to present the design criteria, drawings,
parts list, and design status,

A presentation at NASA Headquarters, Washington, D.C., took
place on October 28, 1966 to the NASA office of Advanced
Research and Technology.

A development test fixture (figure 5) was made and exhibited
at the Phase 1Ia Design Review at NASA/Langley on March 31,
1967. The fixture, made from the detail design drawings,
shows the actual configuration of the final design.

A three-minute narrated 16 mm color film showing the assembled
breadboard and itemizing the function of the system and the
components was produced and delivered to NASA Headquarters

in Jamuary 1967.



Figure 2. Conceptual Model, Two Gas Sensor



Figure 3. Conceptual Model, Two Gas Sensor - Cover Removed
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SECTION II

SYSTEM DESCRIPTION

A. OVERALL SYSTEM

The infrared COy channel uses a dual filament incandescent lamp
as a source of energy and a silicon lens system to gather this energy and
focus it on an optical chopper. This chopper is driven by a limited-rotation
motor with flexure bearings. The modulated energy is then detected by an
infrared detector, which supplies information to the electronic amplifiers,

The ultraviolet Oy and HyO channel uses a specially designed
ultraviolet lamp and a grating monochromator and shares the common torsional
chopper with the infrared channel for maximum utilization of components. ' A
photomultiplier detector is used to measure the modulated ultraviolet energy.

High-quality discrete electronic components and integrated circuits,
which are mounted in the miniature welded modules, are used for the electronic
systems of both the infrared and ultraviolet channels.

The total pressure is measured by a potentiometric total-pressure
transducer. This transducer system does not contain any optical members and
its associated electronic system is of a construction similar to that used with
the infrared and ultraviolet channels.

This particular system has been selected for several reasons. It
has been shown in the study report of the conceptual design that the most reli-
able system would be one using a torsional chopper and maximum utilization of
integrated circuits. In addition, as was again described in detail in the
study report, this method provides the maximum signal-to-noise information
to the detectors and is least susceptible to environmental stresses that may
be imposed on the system. An important reason for the final selection of
this system is that it is a natural development of an improvement on the
present Apollo CO, Sensor. It has taken advantage of the solutions to many
difficult problems, which have been experienced on the existing systems, and
it encompasses the maximum utilization of design information obtained during
the conceptual design study.

The ultraviolet system uses an ultraviolet lamp, which is the
source of the energy to be measured in the oxygen and water system. It is
supplied by a current regulated, dc high voltage supply. By stabilizing
the input current to the lamp, we have reduced the excursions of the radiated
energy and hence have reduced the requirements for the automatic gain control
or ratio computation and stabilization.



The optical system consists of a Fastie-Ebert grating monochromator
followed by a sample cell and detector. It was necessary to use a dispersive
system, rather than a smaller filter system, since there were no filters suit-
able for this spectral region. Wherever possible, reflecting rather than
transmitting elements have been used to permit better transmission of ultra-
violet energy through the system.

The energy from the lamp passes through the high performance
grating monochromator, which disperses the output energy and places the
selected wavelengths at the proper slits and allows chopping by the torsional
chopper.

The ultraviolet lamp is a special xenon-filled arc lamp developed
by Perkin-Elmer. This development is discussed in Section II1I. The,xenon (Xe)
pressure is chosen_to give an output for wavelengths as long as 2000A and a
sharp peak at 1l470A (sample wavelength). By aligning the optics so that this
sharp peak is centered on the sample slit, it can be determined that the
selected wavelengths are emerging from both slits, since the separation of
the slits and the dispersion of the monochromator are known.

The spectral absorption characteristics of oxygen and water vapor
in the vacuum ultraviolet portion of the gpectrum (figure 4) show that the
maximum absorption of oxygen_ is near 1470A and the maximum ratio of water
vapor to oxygen is near 1750A. With the concentrations encountered in the
Two Gas Atmosphere Sensor, the 1470A signal is almost entirely a result of
the 02 absorption.

o
n the 1750A region, the oxygen absorbance is made identical to
that at 1470A by the proper selection of the sample cell path length.

: By dividing the 1750A signal, made up of the combined O, and HjO,
by that of 1470A, which is only the O,, a stabilized H;0 signal can be obtained.
This technique requires great stability of the spectral content at the slits
and is discussed in Section VB.

The chopped monochromatic energy passes through the special ultra-
violet sample cell. This sample cell uses sapphire windows of selected ultra-
violet purity to contain the sample gas. The special design of the sample cell
slits and the chopping blade of the torsional chopper allows the detector to
observe flrst a 14704 signal that passes through the gas in the sample cell and
next a 14704 signal that passes through a non-absorptive portion of the sample
cell. Thus, two signals of 1470A wavelengths are alternately received by the
detector. The signal passing through the non-absorptive portion of the cell,
which would be unattenuated by the gas, is used as the reference wavelength
for the automatic gain control system. The 14708 and the 1750A signals that
pass through the gas in the sample cell are the oxygen and the combined oxygén
and water vapor signals, respectively. By utilizing the same wavelength, that
is, 1470& for both the gas signal and the reference signal, a system is obtained
with maximum stabilization of the oxygen signal.
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Test data obtained from the first units has shown that the non-
absorptive reference cell approach has led to appreciable long-term drifts,
due to the formation of an absorptive film on the sample cell. This allows a
differential signal to be formed between the sample and reference paths that
cannot be compensated by the signal processing system. The solution to this
problem, which is discussed in Sections V and VI, is to expose the reference
cell to the sample atmosphere.

The UV channel output (the signal obtained by the UV detector)
consists of four different 1egels of information. The first is the reference
signal obtained from the 1470A signal passing through a non-absorptive sample
cell. The second is the 14704 signal passing through the gaseous sample cell.
The third is a zero reference signal obtained by blanking the optical signal.
Fourth and final is the 17504 signal which passes through the gaseous sample
cell. This sequence of signals is repeated each cycle. The four levels of
signals are obtained at four discrete steps in the position of the chopper
blade, which is driven by a torquer motor.

The torquer motor is a low power, wide band device with flexure
bearings. It is described in detail in the study report and in
Perkin-Elmer has had good results in using torquer motors of thi

TIROS radiometer program, NASA Contract No. 5-3894.

The torsional chopper has the advantage that it can be made to
dwell at a particular location in space, allowing the maximum amount of in-
formation to be transmitted to the detector. Additionally, being a wide band
device very similar to a dc meter movement, it can respond to square wave
inputs and can be programmed to stop at particular images in space. It should
be noted that the torsional chopper does not require lubrication and that,
during operation, its flexure bearings would be stressed at angular rotations
much below rating to ensure long life.

Because of the dwell time provided by the torsional chopper; a
sampling method of detection of the signal information can be used. This is
a decided advantage since minor variations in the chopping geometry of the

signal can be effectively blanked out in the signal processing channel.

The photomultiplier used with this system is a multistage solar-
blind multiplier phototube with a transparent cesium telluride photocathode
and sapphire window. This device was selected due to its high performance
and ruggedized configuration, which makes it compatible with future space
flight model designs. The multiplier features the venetian blind construction
consisting of successive fused kovar and 7052 glass rings. The dynode divider
resistors are welded in place to the kovar rings and the entire unit is en-
capsulated for maximum structural strength.

The electrical output from the photomultiplier tube is amplified

by a low noise preamplifier. The output of the amplifier supplies the AGC
(automatic gain control) device, which will basically be a diode biased to

10



vary its dynamic impedance and compensate for changes in the reference channel.
This signal is provided to a variable gain amplifier and to a dc restorer
with the first of the timing pulses applied for demodulation.,

The electronic system consists essentially of two AGC loops each
of which provides an analog ratio computation; that is, the circuit auto-
matically and continuously divides the combined oxygen and reference signal
by the reference signal to provide a stabilized oxygen signal. The second
AGC loop works in a similar manner. In this latter case the water vapor,
oxygen, and reference signal is divided by the oxygen and reference signal
to yield a stabilized water vapor signal. The synchronous demodulation
timing pulses are shorter in duration than the position of the torquer angu-
lar position. In this way the leading edge of the signal pulse, which may
contain a transient, is blanked out from the signal processing information.

- The stabilized electrical outputs from the oxygen water vapor
and CQ, channels are combined in an analog summing circuit with the signal
from the total pressure transducer. The output of this circuit is then
related to the partial pressure of the diluent gas. Each of the four outputs
provided by the system has redundant outputs that are electrically independent
of each other. That is, either output could be shorted to ground without
affecting the level of the other.

The AGC loop for the principal closed loop, that is, the stabilizing
circuit for the oxygen, uses the high voltage power supply of the photomultiplier
as the control element of this loop. This is a common practice with instruments
of this type and provides a maximum dynamic range of an AGC or gain control sys-
tem. It also reduces the specific regulation requirements of the high voltage
power supply. Each of the major loops has a circuit to change the normal Beer's
Law response of an optical absorption sensor to a linear output. This is neces-
sary in order to compare and provide easy scale expansion to the outputs.

The CO, monitoring subsystem is basically a very simple infrared
lens-filter system. The design is based upon models developed under NASA
Contract No. NAS9-1191 and NAS9-2255 by The Perkin-Elmer Corporation.

Basically, the system is a single beam, dual wavelength, filter
radiometer with ratio readout. The dual filter, is mounted opposite the
shutter openings of the 0;-H,0 monitor subsystem. The filters are located
at a point in the optical system where a small image of the source is formed
in space. As the chopper moves the dual filter back and forth across the
light beam and a light baffling mask, energy is interrupted at the sample
and reference wavelengths.

The infrared CO, sensor channel begins with a dual filament in-
candescent tungsten lamp, ich provides sufficient 4 micron energy per watt
of input power. This lamp is driven from a converter, which is common to all
the electromic circuits. Normal operation of this lamp would be 4 to 5 volts
at 40 to 50 mA dc. The lamp, normally rated at 60,000 hours, would be operated
at a lower voltage for extended life.

11




The energy from the lamp is collimated by a silicon lens system
through a sample path which contains the gas to be measured. After passing
through the sample cell, the energy is brought to a focus on the IR chopper
blade. At this end of the chopper are mounted the two thin film interference
filters. The filters are referred to as optical spike filters because of
their transmission characteristic. The 4 micron (or reference) filter trans=-
mits only the reference information for the COp channel. The 4.27 micron
interference filter transmits only that energy which is to be absorbed by the
COp band. These spike filters are spectrally narrow to prevent any interaction
between them. As the torsional chopper moves the filters back and forth
through the focal point of the beam, the optical energy is converted to an
ac waveform and this information is focused onto the infrared detector.

The detector is a thermistor bolometer with a self-compensating
element and a sapphire window.

The CO, sensor channel uses a discrete semiconductor as the AGC
device. A stabilized signal is then passed through an analog amplifier and
to a dc restorer where the synchronized detection or sampling method takes
place. Timing pulses provide the 4 micron reference information for the AGC
loop. The output of the low frequency amplifier is applied to a linearizer
circuit, similar to that used on the UV channels to allow the logarithmic
output to be made linear, which is considered most useful for the analog out-
put operations that may be required. All of the electronic input required

for the CO, sensor channel is supplied from the common converter circuit,

In summary, the entire electronic system consists of 3 stabilized
AGC loops combined with a total-pressure transducer. All 3 stabilized loops
operate in a similar manner to provide long term system stability.

All of the electronics are mounted in cordwood type, welded
modules, designed to be suitably encapsulated for long life, lightweight,
and stable operation under varying environmental conditions.

The optical compartment is backfilled with nitrogen. During
alignment and initial adjustments, the optical compartment is flushed with
the nitrogen flow to prevent optical absorption of oxygen or C02 in either
channel.

After alignment and the proper performance have been demonstrated,
the system is sealed, evacuated, and backfilled with the inert gas. After
the final seal, the system is ready for continuous operation. The electronic
compartment is hermetically sealed from the optical compartment and is sealed
from the outside environment to protect it from salt spray, sand, and dust.

Adjustments and calibrations of the system are made from the
electronic side of the sensor and consist of potentiometer adjustments prior
to final calibration and acceptance tests. The total pressure transducer
and the electronic system are packaged in an integral housing. The total
package design goals were a volume of approximately 120 in3, weight less

12




than 5 pounds and input power less than 5 watts. A development fixture made
during the Phase IIa program, figure 5, shows the final configuration of the
instrument. Figure 6 shows the internal layout with the environmental cover
removed. The electronic system, packaged in nine welded modules, is supported
by a hermetic cover containing the IR, UV, and PT components.

The system design goals were to directly measure the partial pres-
sure of 0y, COp, and Hy0 with accuracies of 2 percent, 2 percent, and 5 percent,
respectively.

The system was also to measure P, with an accuracy of 1 percent and
compute the partial pressure of N, or Hy from these measurements to an accuracy
of 5 percent. The optical absorption metrology used in this system was, as a
goal, to have the following characteristics:

1. Long Operation and Shelf Life - The system has no wearout or
consumable components.

2. 1Insensitive to Magnetic Fields, Ambient Temperature, or Gravity.
(There is a magnetic field problem which is discussed in Sections

= e N

V and VI.)

3. Operation at Ambient Pressure - The system requires no auxiliary
gas pumping or vacuum system and was designed to be unaffected
by vacuum exposure. However, some misalignments are evident
when the instrument, in its present configuration, is subjected
to changes in ambient pressure, as detailed in Section V.

4. No lubrication is required.
5. No specific operation use attitude was to be necessary.

6. Fast Response Time - System will have a response time constant
of 10 seconds.

7. Flight qualification design compatibility was to be achieved.

8. No Gas Consumption - Sensor was designed to require no refer-
ence gas, for calibration purposes, nor does the system consume
any of the sample gas.

9. Automatic Gain Stabilization - Long term electronic stability.

10. Low Sample Flow Rates With Minimum Pressure Drops - Continuous
monitoring and readout.

The system is designed to utilize linear integrated circuits to
reduce bulk and enhance reliability.

B. ELECTRONIC SYSTEM DETAIL

A complete understanding of system operation (figure 7) must
include the detail logic and functional electronic circuit design information.

13
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Figure 5.

Development Fixture - Phase Ila



Figure 6.

Development Fixture, Phase Ila - Cover Removed
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This section provides that detailed explanation. The approach is to discuss
the formation and utilization of the UV and IR waveforms and their time dis-
tribution. The derivation of the signal processing equations is presented and
the output voltage linearity technique is discussed. Detail information is
given on the timing generator, torquer driver, supplies, and other support
subsystems,

The motion of the torquer is a four step waveform as shown in
(a), figure 8. The four rest positions of the torquer arm relative to the
stationary UV slits and IR beam are shown in figure 9, It can be seen that
the masks allow light to pass through only one slit at a time and only one
IR filter.

During TS4, 1470A light passes through the 0, slit and the 0O,
sample cell (0.004-inch path length), and strikes the photomultiplier. The
4,27 p filter is in the IR beam during TS4.

During TS1l, 1470A light passes through the reference slit (zero
sample gas path length) and strikes the photomultiplier, The 4.0 i filter
is in the IR beam.

[-]
During TS2, 1725A light passes through the water slit, the water
sample cell (0.100-inch path length), and onto the photomultiplier. The IR
beam is blocked off.

During TS3,all the UV slits and the IR beam are blocked so there
is no output from the photomultiplier and bolometer.

Thus it can be seen that the relationship of the fixed and moving
slits and filters, shown in figure 9, determines the relationship between the
torquer motion waveform, shown in (&), figure 8, and the UV and IR signal

waveforms, shown in (b) and (c), figure 9.

The spikes on the UV and IR signal waveforms are caused by flashes
of light through the reference slit and the 4.0 u filter, respectively, as the
torquer moves from the -2° to the +6° positionm.

The photomultiplier high voltage and the reference slit length
(long dimension) are adjusted during aligmment of the sensor to make the
reference peak ((t), figure 8) approximately 300 mV above the black level.
The lengths of the 0, and water slits are adjusted so that the heights of
the O, and water peaks of the UV signal waveform are equal (within *5 per-
cent) to that of the reference peak when the sample cell is filled with
dry nitrogen.

The wavelength of the light passing through the water slit is
adjusted by adjusting the vertical position of the slit so that the change
in the height of the water peak of the signal waveform is equal to the change
in height of the 0, peak when a dry oxygen-nitrogen mixture is passed through
the UV sample cell,
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The fabrication of the IR filters is controlled so that the
amounts of energy passing through the 4.0 and 4.27 p filters are equal, and
therefore the reference and COp peaks of the IR signal waveforms are equal
when nitrogen is in the IR sample cell, The heights of the reference and
unabsorbed CO, peaks are adjusted to approximately 300 mv at the IR preamp
output by changing the IR lamp voltage. A 5.5 v peak-to-peak lamp voltage
is required, which in turn requires a value of 47 ohms for R8 module A9.

The signal waveform from the UV preamplifier, along with the
three timing signals per module, is fed to the oxygen and water vapor signal
processing modules, which produce dc output voltages linearly proportional
to partial pressure over a specified range of partial pressures.

The IR signal waveform, along with three timing signals, goes to
the Co, signal processing module.

1. Signal Processing

The signal processing is accomplished in five s
(sampling), linearization, temperature multiplication, ampl
set.

The demodulation is accomplished by a synchronously operated dc
restorer and a 'sample and hold" gate, as shown in figure 10. Linearization
is accomplished by the linearizer, variable attenuator, and the synchronously
operated AGC circuit.

This process will be explained in detail using the oxygen module
as an example.

The dc restorer is operated during TSl to clamp the reference
peak to zero volts. The sample and hold gate operates during TS84, producing
a negative dc voltage e, at its output as shown in (a), figure ll. The AGC
integrator operates during the black level (TS3), increasing or decreasing
the gain of the variable attenuator until the black level is clamped to -V,,
the voltage at the output of the linearizer. The linearizer is a simple
resistive voltage divider whose output V., is Vy = KLe2+(1-K) VREF -

The result of the derivation is:

I(REF) - I1(0,)
e, = = 2 v where G = KL - 100K (1)
2 I(REF) + G 1(02) REF -KL RLIN
or
1
_ o) - a4C
. - L - Twrer) © 0, v @)
2 I REF
146 =20 o HCp !
I(REF) 2
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Since the sensor is adjusted so that I = I(REF)
o J

1 - e-alcoz
e, = = — 4V 3
2 1+Ge°“"°ozim; 3
Figure 12 is a plot of
-A
1l -e
e, = (L +G) =— 4
2 1 + Ge A )
as a function for A for different values of G. The function is multiplied by
(1 + G) to more nearly simulate the output of the sensor, as the slope of
1 - en‘A
the function — decreases as G is increased, and, therefore, the output
1 + Ge

gain of the sensor must be increased so that the range of output values remains
the same for the given range of A values,

It can be seen from figure 12 that a value of G close to 2 gives
the most nearly linear output. It was found experimentally that a G value of
1.6 gave the most linear oxygen output.

2. Output Circuit

The output of the sample and hold circuit is a vcltage that is
linearly proportional to oxygen molecule concentration in the sample cell.
The relationship between concentration and partial pressure is Po = C0 T

2 2
where T is absolute temperature. The output stage contains a thermistor,
which modifies the output by a factor proportional to %— where T is the

o

absolute temperature and T, is the temperature at which the sensor was aligned.
The output stage is a simple operational amplifier performing the following
operation:

T I
VOUT'"KToe2+<1+KT°>V0FF+5 ()
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where

K is the gain
T is the absolute temperature
TO is the temperature at which the sensor was aligned

VOFF is an adjustable offset voltage
§ is a fixed offset in the emitter followers,

Substituting Eq. (2) in Eq. (5) gives the complete equation for
the operation of the signal processing module:

1
1 - o) e-aLCo
v L I(REF) 2 ( Z.)
VOUT = K T 1 REF +{1 + K T A,.VOFF + 8 (6)
° 1+6G 2 e alco °
I(REF) 2

The three adjustments available are

G - linearity adjust
K - output gain

VO?F - output offset (positive or negative)

Since, for the proper choice of G, the output of the sample and
hold circuit, e;, can be made very nearly linear in C Eq. (6) can be

0 2
simplified to 2
T T N
VOUT =K T 3007 + (} + K . VOFF + 6 (7)
o 2 o
which, since 'I'Co = Po » can be further simplified to
2 2
_ 4 |}
VOUT =K P02+ VOFF (8)
. where K' and VéFF are both adjustable to give the desired output span and zero.
There is an error in the design in that VéFF in Eq. (8) is a func-

tion of temperature. This means that the zero will shift with temperature.
The error can be corrected by a relatively simple change in the configuration
of the output circuit as shown in figure 13.

As state& earlier, the oxygen channel uses a linearity factor of
G=1.6., The range of A values is 0.5 to 1.0. (Values less than 0.5 produce
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(b) Revised Output Circuit

Figure 13, Output Circuit




e

a negative output voltage because of the offset zero, and values greater
than 1.0 produce an off-scale output,)

It was possible to balance I_ and I(REF) to within *+ 2 percent.
Values of I, between 0.95 I(REF) and 1.0? I(REF) shift the ey, zero in
figure 12 up or down by plus or minus 0.05 and cause a negligible change
in the slopes and curvatures of the curves.

3. Water Signal Processing

The circuitry used to extract the water vapor partial pressure
information from the UV signal waveform is identical to that used for the
oxygen processing. The only differences are the sequence of the timing signals
applied to the module, the linearity factor, and the output gain and offset.

As shown in figure 11, the dc restorer is operated during the
oxygen signal peak, clamping it to zero volts. The sample hold gate is oper-
ated during the water signal peak, and the AGC integrator is operated during
the black interval. The REF peak is ignored. By analogy to Eq. (1), the
output of the sample gate is

1(02) - I(HZO) l

2 = " T(0,) + GI(H,0) | 'REF (9

This may be rearranged and expanded to give

To 1725 &P <“"o2 1725 %2 coz> &P (‘O’Hzo 1725 %2 ano)
L, 1470 8P Y 1470 4 °02>

Ly 1725 % ('aoz 1725 42 coz> exp ('O‘ﬂzo 1725 %2 cnzo>

2
I 1470 e""( o, 1470 4 °02>

1 -

Veer | (10)

1 +G

The optics have been adjusted so that

I, 1725 = L5 1470 (11a)
and

%, 1725 Ly =%, 4 (11b)
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therefore Eq. (10) reduces to

1 -ex ('O‘H o 1725 %2 Y o>
e2 = = ~

L+ G exp (’O‘ﬂzo 1725 % ano )

which, for the proper choice of G, becomes

e, ==-BC (13)

The output becomes

- : (14)
Vour = ¥ Puzo * Vorr

K' and VéFF are adjustable for the required gain offset.

The range of A values is from O to 1.0 for the specified range
of HZO vapor partial pressures. The effect of a 5 percent change in I 1470
will be a 5 percent zero shift in e,, with a negligible change in linearity.
If the optics are not adjusted so t%at AI(HZO) = AI(OZ) for dry oxygen=-nitrogen

mixtures, there will be "cross talk" from the oxygen channel into the water
channel output voltage.

The optimum value of G was not determined experimentally for the
water channel because of difficulty in repeatably generating accurately known
water vapor partial pressures. At present a value of G = 1.0 is being used.

4, CO2 Processing

As shown in (¢), figure 11, the CO, signal processing is very
similar to the oxygen processing. The reference peak is clamped to zero
volts, the black level is clamped to - Vg, and the sample-and-hold circuit
operates during the co, signal peak. The output circuit is identical to
the oxygen and water processing with the exception of the K and VOFF values,

The sample and hold output is

I(COZ)

1_—-—.
_ I (REF)
€2 = 1(C0,) (15)

1 +G Tzﬁﬁfy
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and the output should be

= %! 1
Vour = K Pco2 * VorF (16)

Although values of G as large as 20 were tried, it was impossible
to linearize the CO, output because absorption is not exponential with CO
concentration., For a fixed optical system design, fixed optical filter band-
width, and at constant total pressure CO,, the absorption is approximately

— 7/ -
100 = 15 4,27 (L = &1 Feo, ) (17)

where C, is a function of P, and the optical design.

1 T

For a 0 to 20 mm range of CO2 partial pressures at 7.0 psia total
pressure, I(CGZ) ranges from I{REF) to 0.4 I(REF).

The CO2 output voltage is as shown in figure 14.

VOUT“

Figure 14. co, Output Veltage

This is for a linearization constant of 2.1, which is a compromise
betwean better linearity and increased output noise. Span and zero stability
are good, and output noise is 60 mv peak-to-peak.

29



5. PT Circuit

The total pressure circuit uses a diaphragm-rheostat-type absolute
pressure transducer in the feedback loop of an operational amplifier. The
circuit and equations describing its operation are shown in figure 15.

In the last equation, R, has the primary affect on the output voltage
OFF has the primary affecCt on the output zero. However, the adjust-

ments do interact, and they must be made alternately until the desired results
are achieved.

span, and V

In operation the circuit has a hysteresis of 1 percent of the full
scale output voltage, because the transducer is used over only one-third of its
full scale range.

6. Diluent Subtractor

The diluent subtractor is an operational amplifier circuit that
subtracts the properly weighted oxygen, carbon dioxide, and water vapor out-
put voltages from the weighted total pressure output voltage. The circuit
is shown in figure 16.

The circuit is calibrated by adjusting Rl’ RZ’ and R3, to give the

correct change in V for a given change in each of the three input voltages.

ouT

Next Ra is adjusted for the correct change in V for a given combination of

ouT
the four input voltages. When performed in this order, the adjustments are
independent and very easily accomplished.

7. Timing Signal Generator

The timing signal generator consists of an astable master multi-
vibrator, two divide-by-four counters, and a system of inverters and nor
gates.

The first divide-by-four counter produces two waveforms at one-
fourth of the master multivibrator frequency as shown in figure 17; one is
symmetrical and one has a duty cycle of one fourth.

The symmetrical waveform is fed to the second divide-by-four
counter, which produces the four sequential pulses C, D, E, and F as shown
in figure 17. These four waveforms are gated with the asymmetrical waveform
from the first divider to produce the timing signals TS4, TS1, TS2, TS3 that
occur during the last quarter of waveforms C, D, E, and F, respectively.

The timing signals are used to turn on the appropriate functions

in the signal processing modules after the torquer arm has stopped and the
peaks of the signal waveforms have reached their full values.
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8. Torquer Command Generator

The torquer command generator consists of four saturating transistor
switches driven by waveforms C, D, E, and F and four adjustable resistors con-
nected to the outputs of the switches. The output of each switch is either
plus or minus 7 volts when its input is high, and zero volts when the input
is low. The adjustable resistors R; through R, generate a four step waveform
of positive and negative currents that is amplified to drive the torquer.

9. Torquer Driver

The torquer driver is a power amplifier with current and dv/dt
feedback.

The steady-state angular displacement of the torquer arm is pro-
portional to the current through the torquer, which, in turn, is proportional
to the command current I,. This is shown by the following equations:

8 = K. I where K, is the angular displacement per ma, and the

Bt 8

electrical parameters are defined in figure 17.
E IR
Since I =-1f=-E§:_ gs
n £ .
R
f
g =-K =— 1
8 Rs n
or
R \Y
£ n
o= "K R R
S n

where V_ is plus or minus seven volts and the R 's are adjustable, The feed-
back caBacitor C limits the dv/dt and dI/dt through the torquer to values

that will not shock the torquer arm-torsional spring combination into mechanical
oscillation. It takes 15 milliseconds to move the torquer arm from one position
to the next position. The arm then remains stationary for 5 milliseconds, dur-
ing which time one of the timing signals is 'on''.

The timing signal generator-torquer combination has been very reli-
able and easily adjusted. The torquer angles can be adjusted by watching the
UV signal waveform (figure 8) on an oscilloscope and adjusting each of the
four variable resistors in succession until the tops of the three signal peaks
are flat, with no dips or extraneous pips, and there are no pips during the
black interval.
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10. Test Signal Generator

There are two more sets of adjustable resistors connected to the
outputs of the saturating switches in the torquer command generator., They
are used to generate millivolt-level signals, which are applied to the UV
and IR preamplifier inputs to simulate the optical signal waveforms, They
can be used to check the operation of the electronics by turning off the UV
and/or IR lamps, connecting the test signals to the preamplifiers, and check-
ing the signal processing output voltages for a preset value. .

11. UV Lamp Power Supply

The operation of the UV lamp power supply is such that the lamp
current is maintained at a fixed value, and the lamp is allowed to set its
own operating voltage. This is accomplished by the use of interacting cur-
rent and voltage regulator loops. See figure 18. The current regulator
loop operates by increasing or decreasing the drive to the current sink
depending on whether the voltage across the current sensing resistor decreases
or increases relative to the reference voltage. The impedance of the current
sink is about 300 K}, while the sum of the other impedances in the lamp current
loop is less than 30 K. This means that high voltage power suppiy rippie and
instantaneous variations in the operating voltage of the lamp are absorbed by
the current sink instead of causing fluctuations in loop current.

The voltage regulator loop adjusts the high voltage power supply
output to keep the dc voltage across the current sink constant. An amplifier
converts the difference between the current sink voltage drop and a fixed
multiple (RI/R2) of the reference voltage into a control current. If a
disturbance increases the current sink voltage, the control current increases.
This decreases the width of the pulses that drive the high voltage power supply,
which in turn decreases the output voltage. This decrease returns the cur=-
rent sink voltage to its correct value. Both the voltage and current regulating
amplifiers contain low-pass filters so that the loops do not respond to the
power supply ripple frequency (approximately 9Kc).

The high voltage power supply consists of a saturating switch, a
10 to 1 step~-up flyback transformer,and a rectifier and filter capacitor.
The énergy stored in the transformer core is proportional to the square of
the time that the switching transistor is saturated. When the transistor is
switched off the stored energy is delivered to the secondary circuit as a
high voltage spike.

Since the energy per pulse is proportional to the square of satura-
tion time, and since the energy drawn from the rectifier is linearly propor-
tional to time (constant current), the output voltage will be proportional to
saturation time.

When the supply is first turned on, the lamp loop current is zero
and the current sink voltage is zero, Therefore the control current is zero
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and the driving pulse width is at its maximum value. With no load on it
the power supply filter capacitor charges rapidly toward its maximum value
of 2.2KV (limited by a 220-volt zener across the transformer primary).

When the lamp fires (usually at 1 to 2 KV) a2 series resistor
iimits the starting current transient. 100-volt zener protects the cur-
rent sink from overvoltage and a pair of diodes protect the current sensing
amplifier input during the starting current spike,

The series RC network in parallel with the lamp has two functions:
it stabilizes the regulator loop and it stabilizes the lamp for minimum noise
voltage generation. Without the network the lamp generates enough noise to
swing the current sink between saturation and cutoff, disrupting the operation
of the current regulating loop.

In all the sensors, the lamp current has been set at 3.0 mA dc.
At this current the lamps run at 82 vdc. The current sink voltage 1is set
at 40 vdc. Superimposed on this is 30v peak-to-peak of power supply ripple
and 10v peak-to-peak of lamp voltage noise. The off time of the power supply
driver is 70 usec and the range of on times is 8 to 88 psec. When operating
a lamp at 82v and 3 mA and with a sensor input voltage of 28.0v, the on time
is between 26 and 30 usec.

12. Photomultiplier High Voltage Supply

The basic circuits of the photomultiplier high voltage supply and
regulator are very similar to those of the UV lamp power supply and loop voltage
regulator. The differences are in the power supply grounding, voltage sensing
arrangement, amplifier gain (higher for better regulation), and driver pulse
width ranges.

In this regulator, the photomultiplier dynode voltage divider re-
sistors (figure 19) are used to sense the high voltage supply output. The
regulator senses the difference between the reference voltage and a set
fraction (RR/RD) of the high voltage. If the high voltage increases (goes
more negative), the difference goes negative. This increases the multivibrator
control current, decreasing the power supply drive pulse width and therefore
decreasing the power supply output voltage.

The stabilizing network across the dynode resistors is necessary
to prevent changes in the photomultiplier signal current, which subtracts from
the dynode return current, from shocking the regulator loop into oscillation.

The output voltage can be adjusted from less than 1000 volts to
2000 volts by changing R,,. The driver off time is 20 usec and the on time
range is 6 to 66 usec. e sensors have been adjusted to give a photomulti-
plier high voltage of -1050 volts. This gives a dynode divider current of
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18 A and a peak photomultiplier signal current of 0.03 HA. (3Q0 mV pegk-to~ -
peak VV preamplifier output). The driver "on" pulse width is 18 usec for a
1050 volt high voltage output.

13. UV Preamplifier

The UV preamplifier is a low-noise F.E.T. input current to
voltage converter. The small-signal input impedance is essentially a short
circuit, being less than 1 K() over its frequency range. The transresistance
( o /I_) is 10 volts per microampere. The frequency response extends from
de Eg IIEC., with a 6 db/octave roll-off above 1 kc. Output resistance is
less than 300Q.

In operation the output signal level is approximately 300 mV peak-
to-peak with a dc offset of -1.5 volts.

Preamplifier and photomultiplier noise are negligible compared to
lamp (light modulation) noise, which is 100 mV peak-to-peak for a 300 mV peak-
to-peak signal,

14, IR Preamplifier

The IR preamplifier also is a low-noise short-circuit input cur-
rent to voltage converter with a transresistance of 300 volts per microampere.
The frequency response extends from 1 Hz to 1 kc, with a 12 db/octave roll-off
below 1 Hz and a 6 db/octave roll-off above 1 kc. Typical signal levels are
300 mV peak-to-peak, 30 mV peak-to-peak noise, and -0.5 vdc offset voltage.

15, Bolometer Bias Supply
A bias of plus and minus 38 vdc is necessary for the operation
of the bolometer. As shown in figure 20, this voltage is supplied by the dc
te dc converter, the 40 volt regulator, and a bias filter,
The output of the dc to dc converter is plus and minus 54 vdc.
The 40 volt regulators are series-pass types. The -40 volt sup-
ply is regulated to a fixed multiple of +6.2 volts, which is derived from the
+7 volts supply through a resistor-capacitor-emitter follower filter. The
+0 volt supply is regulated to track the =40 volt supply.
The bias filters are active bridged T low-pass filters using
Darlington connected emitter followers to provide gain and as dc pass ele-
ments,
16, Low Voltage Power Supply
(a) DC to DC Comverter.

The dc to dc converter converts & nominal 28 vde
input to the voltages required to operate the sensor,
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and it provides isolation between the power supply
and signal grounds. It is a self-saturating circuit
using four transistors in a bridge-type circuit.
There is a conducted EMI filter and a reverse=
polarity protection diode in the 28 volt circuit.
There are three secondary windings. One tapped
cgnter-tapped winding provides plus and minus 11
vde full-wave rectified for the main power sup-
ply and plus and minus 54 vdc half-wave rectified
for the bolometer bias regulators. A second
winding provides 3.0 vdc full-wave rectified for
the timing signal logic and high voltage drivers
and the multivibrators. A third winding provides
10 volts peak-to-peak at 5 kc for the IR lamp.
There is provision for a series resistor to set
the IR lamp current.

(b) 9 Volt Regulators.

The 9 volt regulators are series-pass types. The

+9 volt regulator contains a temperature compensated
reference diode and a starting pull-up circuit. The
-9 volt supply tracks the +9 volt supply.

(¢) 7 Volt Regulators.

The +7 volt regulator contains a temperature com-
pensated reference diode and is tied into the +9
volt regulator starting circuit. The -7 volt
regulator tracks the + 7 volts. Both regulators
are series-pass types. The 11 volt supplies have
approximately 0.65 volt peak-to-peak of ripple,
due primarily to torquer current peaks. The 9
volt supplies have less than 30 mV peak~-to-peak
of ripple, and the 7 volt supplies less than

3 mV peak-to-peak.
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SECTION III

PHASE IIa ACTIVITY

The Two Gas Atmosphere Sensor has been developed under a two phase
program. Phase I consisted of the system study leading to the recommendation of
the present system. The mock-up models shown in figures 2 and 3 represent the
packaging concept at that time. The second phase of the program has consisted
of the detail design and tests of an engineering breadboard, shown in figures 37
and 38. On the basis of the verification testing of the breadboard and the
completion of the detail design, work proceeded with the fabrication of four
pre-flight models for laboratory demonstration.

The entire program has been conducted along parallel paths of a

£..1 7 - SR S |

full flight gualifisd program without the detail documentation and full implica-
tions of quality and reliability specifications. This is being accomplished by
implementing the significant portions of these programs and using existing high

reliability and quality methods during the design and fabrication phases.
A. PROGRAM PLAN

Perkin-Elmer Engineering Report No. 8328, Phase II Technical Plan
described the recommended program for the continuation of the Two Gas Atmosphere
System activity. NASA/LRC requested the sensor concept and development program
to be in accordance with this report.,

Phase IIa was, by contract definition, that first portion of the
program which provided a preliminary design of the sensor system, fabricated
breadboard sensor subsystems, provided a test plan and performed tests on the
breadboard. A final design was provided to LRC for review and approval prior
to implementing the design in Phase IIb. Phase IIa work was performed over
a 9 month period from July 22, 1966 to May 3, 1967.

B. SUMMARY OF ACTIVITY OF PHASES Ila AND IIb

The major milestones for the program are shown in figure 21. The
initial work on the program consisted of developing the program plan and manage-
ment controls and assigning design personnel to areas of technical responsibility
as a result of initial design reviews. The areas of technical difficulty were
identified as the development of the IR and UV sources, the UV sample cell
design, and the breadboard detail design. The first circuits to be designed were
the timing generator and the torquer drive, A preliminary design data package
was started for submission in September 1966,
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The Product Assurance Plan was reviewed by NASA/LRC on September 9,
1966. The breadboard design, definition of the optical system variables, and
preparation for the October 5 presentation were also made during September.

A reliability math model was constructed in agreement with the
development of the detail circuit designs., A reliability prediction was
developed showing an MTBF of 10,973 hours. Critical area analysis began as
the detail circuit schematics and parts lists were available. The critical
area and configuration analysis continued through the entire Phase IIa effort.

During October 1966, two presentations were made, the Product
Assurance Program Plan and the preliminary design review were submitted, and
the detail design continued. Parallel procurements of UV sources were underway.
The breadboard design was completed and fabrication began. The first torsional
chopper was received and tested. The selection of a thermistor bolometer
detector in place of the InSb PEM device was made based on the thermistor's
higher impedance and better spectral detectivity,

From November 1966 thromugh Jamuary 1967, the principal work was the
testing of the breadboard and the continuation of the final design. During this
time, the eiectronic module design was started and the UV monochromator was
finalized. The work on the stress analysis, critical area analysis, and updating
of the math model continued during this period. The circuit stress analysis
was performed using "ECAP'" computer program.

On March 31, 1967 a formal presentation of the Phase IIa detail design
was made at NASA/LRC. The presentation consisted of a review of the program,
detail presentations of the ultraviolet system and its components, ‘the IR system
with its new lens design, the pressure transducer, the electronic system, and the
electronic stress analysis. The development test fixture was exhibited, as well
as the breadboard.

The procurement of production parts took place in April as well as
the submission of the Phase IIa report, The major emphasis on procurement
continued through May. All of the production optical and electronic parts were
ordered by June. The electronic breadboard was tested in June. This test
showed stability within the design requirements over 20°F to 160°F.

The principal activity during July was concerned with the details of
the fabrication efforts for the mechanical parts and the electronic welded modules.

First Article Configuration Inspection was performed on the first
module in August. The principal activity, during this period was extensive
vendor liaison to expedite the detail part fabrication.

Assembly of the final units began in September 1967. All assembling
of optical and mechanical parts was completed in November 1967. Problems en-
countered in the completion of the modules gated the schedule from July until
their completion, although other difficulties were experienced during this time.
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stability test was performed in November using production assemblies,
This test showed less than *1 percent drift in span and zero during an overnight
test,

Extensive troubleshooting of the electronic modules took place in
December and delayed final assembly of the units., The first electronic system
was operational in January 1968, It was felt at this time that the detail inter-
face problems were solved.

The first unit was extensively tested during February, while assembly
continued on the remaining units. An unexplained problem with 0, drift was
observed and confirmed with a second unit test. This is discussed in detail

Yyt

in Sections IVF and V.

The four units were completely assembled by the end of April. The
remaining activity during May was the final acceptance testing and preparation
of the Final Report.

C. PRELIMINARY DESIGN REVIEW

In accordance with the contractual requirements of the program a
Preliminary Design Review package was submitted on September 29, 1966, This
package consisted of thirty-nine (39) exhibits, sketches, drawings, parts lists
and photographs, and a narrative description of the design.

The design concept and anticipated performance remained essentially
the same as that presented in the technical proposal. The purpose of the
exhibits was to clarify our approach to this design. The review discussed the:

UV System

IR System
Electronics
Package Design
Pressure Transducer
Breadboards

The UV system was to use an EMR No. 541-05M-09 photomultiplier that
was 1.9 inches shorter than the standard 14 dynode design. This was due to high
energy anticipated from early breadboard tests, The several alternate UV source
designs were presented. It was anticipated at this time that a special short
capillary source would be used in the final design. The optical system was
presented as being the same as originally proposed.

The IR optical system design change to use a source aperture was
first introduced at the PDR. This was to improve the performance by removing
the effect of changes in the source position during use. At the preliminary
design review it was still our intent to use a PEM InSb detector. This was
later changed to a bolometer when the chopping frequency was determined,
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The electronic design at this time was identical to the originally
proposed design. It is interesting to note that the final electronic system
is almost identical to that which was originally proposed.

The pressure transducer decision had not been made at the time of
the PDR, but we did favor a potentiometer type transducer.

Engineering Report No. 8768, Preliminary Design, Phase IIa Report,
issued May 3, 1967, discussed the detail work in the first half of the contract
and summarized the work performed prior to the preliminary design review.

D. UV SUBSYSTEM AND COMPONENTS

The ultraviolet subsystem consists of the UV source, the monochromator,
the sample cell, and the photomultiplier detector. This subsystem required a
major development effort and is a major contribution to the program. The program
has developed a good miniature UV discharge source, a fast miniature monochromator,
and has performed material tests and studies to clearly show the direction for
future applications.

1. Ultraviolet Source Lamps

One of the major activities of bbeh the Phase I1ta and I1Ib portioms of the
program was to -develop a suitabl® ultraviolet seurce lamp for the Two Gas Atmosphere
Sensor, This effort began with a rigorous survey of prespective vendors. The list
of vendors contaeted for the devélopment of a Source Lamp is as follows:

a. Electro Mechanical Research, Princeton, N.J.
. b. Chicago Miniature Lamp Works, Chicago, Illinois
¢, Sylvania
d. E. €. &G
e. Tab Glass, Burlington, Mass.
f. Westinghouse, Elmira, New York
g. Atomic Specro Lamps, Melbourne, Australia
h. Tucor, Inc., Div. of Electronic Specialties, Thomaston, Conn.
i. P.E.K. Labs, Sunnyvale, California
j. Xenon Corporation, Watertown, Mass.
k. Engelhard Hanovia, Inc., Newark, New Jersey
1. Fisher & Porter, Hatboro, Pennsylvania
m, Fredericks Co., Pennsylvania
n. Robert K. Hassler Company, Altadena, California
o. G.B.L. Associates, Alexandria, Virginia

On September 1, a conceptual engineering sketch (shown in figure 22)
of a prototype xenon lamp was issued. This lamp used a capillary sapphire rod
separating two end bells., It was requested that all joints be fused and no
adhesive or epoxy seals be used. The electrodes were to be molybdenum or tantalum.
The concept was to use UV grade sapphire, which would allow the ultraviolet emission
from the side of the capillary. There were no responses to this particular design.
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Rated Power: Between
0.05 Watt and 0.50 Watt D.C.

Running Voltage: ~200VDC
Starting Voltage: ~1000VDC
Spectral OQutput: The Xenon

Emission from 1470 to 19004
is the Range of Interest.

Radiation

|\
|\ ANAS

1Y

raYa var

Filling Gas: Xenon, 170 Torr + 5%
nta 1.

Electrodes: Molybdenum or um
Leads: Solderable

-End Bells: Glass

capillary UV Grade Sapphire 1/4

Long by 1/8 Dia., with a 0.020 *Q.002
Dia. Hole. Polish O.D. and I.D. of
Capillary.

All Joints to be welded or fused. No
Epoxies, Glyptal, etc. to be Used.

Figure 22. Prototype Xenon Lamp
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In order to ascertain lamp operation in the 1470 and 1725 Angstrom
regions as a function of current, tests were performed during September 1966
that measured the intensity of these two regions as a function of lamp current.
The test specimen for this use was an open electrode configurarion that had been
obtained from an earljer program. The results of this test are shown in figure 23,
The ratio of the 1725A lamp output to the 14704 output is shown in figure 24. The
V-1 characteristics of *his particular lamp is also plotted in figure 25.

Early in September, a preliminary specification outlining the require-
ments for the source design and four possible configurations of source lamps were
submitted to prospective vendors. The four designs were an end-on capillary lamp
using Kovar electrode rings, a hollow cathode lamp, an open electrode lamp with
selected pellets for cathode and anode, and finally, am end-on capillary using
internal anode and cathode structures. These were defined in Perkin-Elmer drawings,
631-100}, 631-1002, 631-1003, and 631-1004, Early in October of 1966, an order
was placed with Tab Glass of Burlington, Massachusetts to produce the configuration
specified in Drawing No. 631-1003. The lamp was to be filled to 100 torr fill
pressure and to have a sapphire window fused to a glass body.

Of the vendors contacted, eight selected to "no bid" to the require-
ments, The prices quoted on the various lamps range from $50 each to $3,985 each,
The decision based on workmanship, delivery time, and technical approach was to
award the contract to the Tucor Division of Electronic Specialties Company, in
Thomaston, Connecticut. This design was designated as a longitudinal lamp,
Perkin-Elmer Part Number 631-0013., It was in effect a miniature geisler tube
of low pressure, 100 torr, operated with the cold cathode. The lamp is excited
by a regulated dc power supply. The lamp is 1-1/8 inches long with a body diameter
of 5/16 inch., (See figure 45 for final lamp.) The body contains an indented
window of UV grade sapphire, so that the UV sensor optical system uses the lamp
capillary as the entrance slit. This is accomplished with a physical slit of 1/2
millimeter by 4 millimeters cut into the lamp's alumina ceramic body. The sapphire
window (Perkin-Elmer Part Number 631-1106) is sealed to the alumina ceramic body
by brazing at 250°C for 14 hours. The anode material is kovar and the cathode
is a barium getter wire. The outer and inner flanges are heliarc welded to form
a hermetic seal. After filling the lamp with xenon gas to 100 torr, the copper
exhaust tubing is pinched off. All exposed metal surfaces are gold plated. This
lamp has the following electrical start-up and running characteristics:

Cold Start-Up - 1400 volts

After 1 minute operation - no greater than 3000 volts
Cooling time to prevent 400 volt restart - 15 minutes
Running voltage - 3 milliamps at 85 volts

Later in the program, the restart voltage was reduced to 350 volts with
the application of an electrical conductive coating covering part of the alumina
ceramic body and the anode. This external coating aids in dissipating charges
built up on the inside of the capillary, During January 1967, tests were run to
determine the signal-to-noise ratio of existing end-on capillary lamps filled with
30 torr xenon, This data is plotted on figure 26. One of the basic considerations
in the selection of the side-looking or longitudinal capillary lamp is that it was
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the only design that completely prevents the discharge from wandering. This had
been a particularly difficult problem in the previous designs. It can also be
used at the monochromator focal plane, which eliminates the entrance slit and
will give considerably more light than the end-on capillary if used in this
manner.

3

A backup lamp design was considered, which used a graded seal end-o
capillary with a sapphire window. This lamp had the advantage that it was fairly
simple to fabricate, but it had the disadvantage that the discharge could wander
between the front end of the capillary and the anode.

2. UV Materials

The effect of temperature on the optical windows was studied to some
extent during the early phases of the program. The work of Laufer, Pirog, and
McNesby2 of the NBS Institute for Basic Standards presented data on calcium
fluoride and synthetic sapphire, showing the transmittance cutoff as a function
of temperature. The calcium fluoride cutoff was well beyond the region of in-
terest for temperature up to 140°C. On the other hand, the sapphire exhibited
a transmittance isotherm as a function of wavelength, which at 1470 Angstroms,

showed approximateiy .04 perccnt reduction in transmission per degree C. This
was considered to be a negligible decrease in transmission for our purposes.

During Phase Ila, a set of experiments was carried out to determine
the feasibility of anti-reflection coatings on sapphire windows in the region of
1400A to 1500A. An additional requirement was that the coated optics be durable;
therefore, a single film of MgF, was used. Measurement of transmission and
reflection was made on the Jarrell-Ash vacuum UV monochromator. Figure 27 shows
the results which were obtained. The following conclusions were made from the
results of this data:

a. Our measurement indigates that sapphire does not have a reflective
index of 6.0 at 1470A as reported by Linde. Instead, it shows a
real portion of the index of approximately 2.0, with a reflection
of approximately 10 percent, that is, highly absorptive.

b. The »/4 MgF, at 15004 is an effective anti-reflection coating
on sapphire; however, its only practical use will be limited
to the elimination of ghost images. A substantial increase
in transmission may be realized only on very thin pieces of
sapphire because of the high absorption.

c. MgFp is absorbing in this region. It is evident for the reflec-
tion of a sapphire surface coated with MgFy. In addition, a
piece of Irtran I (MgF,), two millimeters thick, shows no trans-
mission or reflection below 2000A,

2Journal of the Optical Society of America, Vol. 55, No. 1 (1965).
54




(1 399yg) MOPUTM sayyddeg jo @oue3IOA[I3Y PUE UOTSSTWSUEI]L JO JUSWRINSEBIW +y7 @an31d

(ssauyoTyl ww 0°1) @2aryddes 3o uogs8sTUSUBLY

[To)
-y L
09¢ ove oce 00¢ 0ec 092 o%e 0¢t 00¢ 081 091 ovt oct
1 T T T T T T T T T 1 T
o1
- 02
-1 0¢
paieo) sapIs§ ylog — V"
4oy 3*
pajeop 9p1s 1 —O— "
pajeoou —Q— -1
w
:puadal -1 0¢ m.
n
-
0
=}
-1 09
— i\ Jos
—
- \

06




(z 393ys) mopuip aaryddeg Jo 9oup3IDE]I3Y PUB UOTSSTWSUBILL JO JUBWIINSEIN

0

+H

/

¢

"Lz In31d

aatyddeg pa3jeooup JOo UOTIDBIAY odBJaANg AI3UTS

Thu-*y

0ce 00¢ 08¢ 09¢ o%¢ 0ce 00¢ 081 091 ovl 0ct

| | I T I | | 1 1 T

Jo.//o/o\\\?olj\o.o

01

0c¢

0¢

0%

0s

09

0L

08

06

aoue3oaTIay Y

56



(€ 399yg) moputM aaryddeg jo 90UB3ITOTISY PUB UOTSSTWSUBIL JO Juswainseay °/z 2aIn81g
2atyddes pajeo) jyo uoiloayyey @doeJaIng aI3ulsg
=

081 091 o971 0c1

P .

57

0ce 00¢ 08¢ 09¢ o7¢ . 0¢¢ 00¢
I ] o1 | T

NS T 1 I

01

0¢

]9

oY

(019

09

0L

08

06

aoue3l037J3y %



d. It appears that the index of thin MgFy films is dispersive in
this region. The transmission curves indicate that 2504 is not
a 1/4 wave at 14004, but more nearly 3/8 wave. Perhaps a better
controlled, thinner film would yield a more appreciable trans-
mission gain.

) In November 1966, an investigation was made into protective coatings
tor calcium fluoride. A substrate, one inch in diameter and two millimeters
thick, was coated on both sides with sapphire (Al303) at 1 micron. These films
weére prepared by electron beam gun evaporation. The object was to determine
whether or not suitable transmission characteristics could be maintained with the
hope that the A1203 would provide some protection for the CaFy substrate,

Visible transmission measurements were made on a Model 450 Perkin-
Elmer spectrophotometer and reflection and transmission measurements were made
in the UV on a Jarrell-Ash monochromator . The following table lists the values
obtained.

Comparison of these values with the values of uncoated CaFy indicate
that the Al,04 is strongly absorbing in the ultraviolet.

By varying the coating process parameters, the absorption can be
reduced, but probably not by a significant amount, particularly at the shorter
wavelength,

During September 1966, transmission measurements were made on two
samples of sapphire including reflection and scattering losses. The sapphire
samples were one millimeter thick; the measurements were made on the Model 450,
Perkin-Elmer Spectrophotometer, and the Jarrell-Ash monochromator. The trans-
mission curves obtained from these tests are shown in figure 28. For comparison
purposes, the UV transmission spectra of CaFp obtained prior to this contract is
shown in figure 29,

During the winter of 1966, extended tests were performed with CaFy
samples to determine the effect of liquid water on the ultraviolet transmission
of windows. These tests were made at 1470A and 1720A. This data is plotted in
figure 30. The plot demonstrates the degradation of transmission of CaFy at these
wavelengths after the CaFy sample has been immersed in liquid water for a one
month period. 1In figure 31, the effect of water immersion over a 220 hour

period is shown,

Various studies were made on methods to provide seals of the sapphire
and calcium fluoride to either glass or metal. The technique which appeared
most desirable consisted of first painting the glass seat area adjacent to the
window with platinum paint and baking at 500°C with a slow cooling, overnight,
to room temperature, Silver chloride is then applied to the window seat and the
inside shoulders of the glass. The glass is heated with a torch and a strip of
silver chloride is touched to the platinized glass, Finally, the window is
placed in position on the glass seat and the entire assembly is placed in an
oven at room temperature. The temperature is raised to 490°C over a period of
approximately 1 hour and slowly cooled overnight to ambient temperature. After
the seal is completed, it is recommended that all exposed silver chloride surfaces
be painted with lacquer in order to retard solarization of the silver chloride.
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Figure 30. Effects of Liquid Water on the UV Transmittance

of Calcium Fluoride Windows




Transmittance,Percent

A 1470 . = CaFZ, 5/N 1 (immersed) X = Can, S/N 2, + = Can, S/N 3
N 1725 . = Can, S/N 1 (immersed), x = Can, S/N 2, + = Can, S/N 3
100,
90|
80}
17254 i .
- ®
70}
4 X
60L
14704 \® ®
50
401 % H— —
30F —
L ey Definite Haze
Definite Haze
20L
101
0 ' 1 L 1 1 1 1 1 1 i
0 20 40 60 80 100 120 140 160 200 220
Noon Noon Noon NJon Noon
Sat. 8 Oct. Mon, 10 Oct.|Wed. 12 Oct. Thurs. Mon. 17 Oct.

Noon
Tues. 11 Oct.
Hours

Figure 31. Effect of Water Immersion on
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This is a technique used for ultraviolet sensitive phototubes with calcium fluoride
windows. Tubes manufactured by this technique have maintained a vacuum of 10-7
millimeters mercury, after a degassing bake at 350°C. This method is applicable
for the sealing of sapphire windows to pyrex glass and for calcium fluoride seals.

3. UV Optics

The photomultiplier detector was selected for its high performance and
small rugged construction., It is a multistage solar-blind multiplier phototube
with a semitransparent cesium telluride photocathode and a UV grade sapphire
window. The multiplier features the venetian blind dynode construction and hard
glass kovar rings in an encapsulated package. The spectral sensitivity of the
tube extends from 1450A to 3500A. The tube, part number 631-1231, is made by
Electro-Mechanical Research, Inc. of Princeton, New Jersey.

Consideration was given to a tube with a cesium iodide photocathode
deposited on a calcium fluoride window. This E.M.R. detector is not affected by
room light (completely solar-blind), but the tube has a higher price and a long
delivery. It was rejected primarily because of the manufacturer's uncertainty about
its performance.,

In May of 1966, the ITT Industrial Labs of Fort Wayne, Indiana, issued
a newsletter describing a UV image dissecter tube that would be most appropriate
for the oxygen-water-vapor measurement. This television-type camera tube 1is
scanned electronically, allowing extremely rapid spectral scanning to be performed
without any mechanical movement. The dissecter tube, designated by ITIT as
UVissector camera tube, contains an electron imaging section and a secondary
emission electron multiplier separated by a long narrow slit aperture that
serves as an effective slit to a monochromator. The sampling of the spectrum
takes place by sweeping the electron image of the spectrum across the slit
aperture. This is carried out by the magnetic fields generated by electro-
magnetic coils surrounding the tube. The number of electrons passing through
the aperture at any instant of time represent the light intensities for the spectral
bandpass determined by the spectrophotometer slit width. The output signal is then
amplified and can be utilized with conventional techniques. The cost of these tubes
is almost three times the cost of the proposed solar-blind photomultiplier.

The high cost of this unit, in addition to the larger size and higher
input power, was deemed to be an inappropriate tradeoff against the deletion of
the optical chopper on the UV assembly, since this chopper was also required in
any case for the IR system. The part number of the tube that was considered is
F4054,

The UV Monochromator (figure 32) uses the source lamp capillary,
631-0013, as the entrance slit. A mask in front of the source limits the speed
of the system and prevents a non-dispersed energy from reaching the detector.
The primary mirror (607-1004) collimates the incident energy to the grating
and re-images it on the exit slits. The exit slits are part of the UV sample
cell assembly (631-0107) shown in figure 43.

64




- 4 5mm

90 mm » -3
Radius

18.

1469 . 6A

Primary 1725.0A

Mirror

Figure 32, The UV Monochromator




The ultraviolet energy dispersicn is obtained from a modified
Perkin-Elmer plane grating, 303-1320, which is cut to smaller dimensions
s 631-1220. The basic specification for the standard grating is:

2880 lines per millimeter

22.0° nominal blaze angle

A\/2 figure, Oth order

A figure, diffracted wavefront at nominal blaze
0.2 percent ghosts

68.6 millimeter square size

10 millimeter thickness

64 millimeter square ruled surface
PE Spec 1003 coating

120-50 surface code

45 percent efficiency at ZOOOR

E. IR SUBSYSTEM AND COMPONENTS

Figure 33 shows the complete IR assembly. The layout dimensions
and detail part numbers for the lenses, source, filter, and detector are
shown on drawing 631-1227 (figure 34).

1. IR Optics

The source (631-1217) is a miniature dual filament lamp that
illuminates an aperture (631-1215). The aperture is then imaged on the
optical filter chopper through the 38-millimeter long sample cell. The
chopped image of the filter is then re-imaged on the 1/2 millimeter square
thermistor bolometer detector.

The assembly is mounted on a plate, which permits alignment of
the elements prior to assembly into the main unit. This has been found
to be very convenient. A similar technique should be used for the UV
monochromator. The sample cell is sealed from the inert environment around
the assembly. The sample gas is purged through the cell by nickel tubing,
which is connected to the UV cell and the pressure transducer. The total
pressure drop of the sample line is approximately 1/10 of an inch of water
at 100 cc per minute flow.

2. IR Detector

The detector assembly (631-0103) is electrically isolated from
frame ground to allow the bolometer shield to be connected to signal ground.
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Figure 33. The IR (Infrared) Assembly
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F. ABSOLUTE PRESSURE TRANSDUCER

Following the direction specified in the contract, an investigation
was made into various types of absolute pressure transducers. The technical
proposal for Phase II had recommended a potentiometer type as being most suit-
able. However, the study continued and a comparison was made of a potentiometer
a strain gauge, and a variable reluctance type. The principal advantage of the
potentiometer type was its direct application to our system and its electrical
simplicity. The strain gauge had the principal disadvantage that it required
a more elaborate electronic system for its use. This requirement was even
more severe for the variable reluctance type, which required an ac input/output
circuit and a synchronous demodulator electronic system for its use.

3

It was determined at the conclusion of the study that a potentiom-
eter type would only be considered because of the system electronic require-
ments. The strain gauge type did not lend itself to practical gain control
due to the floating characteristics of the internal bridge circuit. The
variable reluctance unit required additional electronics and was not easily
adaptable to gain control. The first order of specifications which were
considered were a weight below 3 ounces and a static error band of less
than #2 percent, including a 50°F temperature rise. A survey of prospective
vendors was reduced to Bourns which supplied a unit of #1.7 percent accuracy,
Computor Instruments, which supplied an instrument of 1.8 percent accuracy,
and Servonic, which supplied two units of better than *1 percent accuracy.

The Servonic unit was selected because of its excellent accuracy
and weight values and instrument design considerations. All sealing was
welded except for the electrical connector, which was an Apollo approved
glass to metal hermetic seal. The special unit we required was very nearly
the same as their Model 3031 low pressure transducer. This unit measured one
inch OD by 1 inch long and weighed 1.8 ounces. Although subminiature and
light weight, the unit will withstand 100 g's acceleration with an error of
less than 1 percent. The high level ac or dc output can be used without
further amplification. The hermetically sealed stainless steel case affords
protection against dust, sand, and salt spray to the internal mechanism.

The transducer is specifically designed for high accuracy during severe
environmental stress, Its compactness and exceptionally reliable performance
characteristics made it the ideal selection for this use. The transducer
uses a single aneroid capsule as the sensing element. The capsule displace-
ment is transmitted by a unique metal belt linkage system to the wiper ele-
ment of a precision wire-wound potentiometer. The entire moving system is
counterbalanced to minimize errors.

The preliminary specification, which was submitted to Servonic
on January 3, 1967, specifies a 10,000 ohm winding resistance and a pigtail
electrical connection. Resolution was to be + 1/4 percent over the range of
0 to 15 psia. The overall accuracy of the transducer, including temperature
effects, was to be within * 1 percent without electronic temperature com-
pensation. Refer to Appendix A for an analysis applicable to problem of
accuracy. The preliminary specification for the pressure transducer was
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defined in Perkin-Elmer drawing 631-1152. On January 26, 1967, Servonic
responded to our request with a bid suggesting a modification of their standard
Model 3261 pressure transducer as the most applicable to our requirement. The
difference between the Model 3261 and the Model 3221 was that the former is

a single stack capsule, which will withstand 200 percent overpressure, while
the latter is a multistack capsule that will withstand a 2000 percent over-
pressure.

An order was placed in February 13, 1967 for a prototype trans-
ducer in accordance with our drawing 621-1052, On March 6, 1967 production
quantities were ordered in accordance with our drawing 631-0014. The units
were received on March 21, 1967. The units were examined visually for di-
mensional compliance, surface finish, identification markings, and pressure
fittings. The weight was 2.31 ounces. Electrical tests were performed show-
ing the potentiometer resistance to be 10,000 ohms nominal with an installation
resistance greater than 100 megohms, and a noise of less than 100 ohms. The
error band for the units under test, defined as the allowable deviation from
straight line drawn through zero pressure at 300 ohms and full pressure at
9700 ohms, and including the effects of nonlinearity, hysteresis, repeat-
ability, resolution, and the change due to temperatures from +40°F to plus
90°F, was less than #50 ohms. Each unit was subjected to a proof pressure
of 22.5 psia for one minute.

G. OPTICAL CHOPPER

As a continuation of the study effort for an optical chopper, a
quotation request was initiated on February 17, 1966 to M.F.E. Inc. of
Cambridge, Massachusetts, for a prototype torsional chopper in accordance
with engineering requirements and for five production units of approved de-
sign. The requested performance requirements were % 6° motion with an input
power of 60 milliwatts, a minimum possible size and weight, a 4 months con-
tinuous operating life, linearity of * 2 percent over the 6° deflection,
hysteresis of less than 1 percent, repeatability error of less than 2 percent,
and critical damping with 90 percent of the final value reached in 6 to 8 milli-
seconds. The bearings that were specified were Bendix Flexure Pivot Bearings
with * 15° ratings.

In early March, M.F.E. responded with a request for deviations to
the extent that 100 milliwatts would be required with an angular motion of
+ 5°, M.F.E. proposed a unit very similar to their part number R-4-400.

After a visit to the vendor's facility, a purchase order was
issued for a prototype optical chopper with 125 Hertz resonance, a two-coil
configuration of 200 ohms per coil, with 1/4 inch lamination stack, and a
1 inch by 2 inch cross-section, using Bendix % 15° flexure bearings. The
actual performance of this first prototype required 0.21 watt at 125 Hertz,
using two Bendix bearings - part numbers 5005-600 and 6005-600. The unit
required 46 milliamps at 4.6 volts for a 5° deflection. Operation with a
frequency of approximately 90 cycles required an input power of 100 milli-
watts.
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The first unit received was returned to the vendor because of in-
correct positioning of the rotor assembly in the case. One spring in the flexure
bearing was bent and the rotor was detented at one point within its normal travel
range. This unit was repaired by the vendor and returned to Perkin-Elmer, where
it was installed into the Breadboard System for tests. The returned unit re-
quired 52 milliamps at 10 volts for a 5° deflection.

The torsional chopper (631-1029) on its mounting bracket with the
assembled chopper arm (631-0121) is shown in figure 35. The left-hand side of
the chopper arm contains the 4.0 micron and 4.27 micron filters. The right-hand
side is the UV channel chopper. The operation of the chopper is discussed in
Section IIB.

H. BREADBOARD

The breadboard was constructed to operate as a functional engineering
model to perform component tests, determine system variables and to act as a con-
trol for comparison with the production units.

The breadboard consists of two major sections: an optical-mechanical
section, and an electronic section. The optical-mechanical assembly is shown in
figure 36. This unit contains the UV source, the monochromator, the 0y sample
cell, and the UV detector. It also contains the optical chopper and the IR chan-
nel components. The assembly is capable of being subdivided into the UV channel
and IR channel.

The IR side contains an adjustable sample cell path to permit optimum
design of that section. The assembly was used in a purged, inert atmosphere.

The complete breadboard is shown in figure 37. The elctronic bread-
board contains one circuit card for each welded module and is completely func-
tional. A typical circuit card is shown in figure 38.

The electronic breadboard proved invaluable as an aid in the welded
module effort. It was used first to develop the test criteria and later as a test
model to simulate malfunctions experienced during manufacturing.

The following tests were performed on the breadboard:

1. Determination of Beam Diameter at IR Chopper

The purpose of the test was to see if the optical beam diameter at
the infrared chopper is satisfactorily small to insure both IR and UV system
operation. The measured beam diameter of 0.76 mm exceeds the design value of
0.50 mm and required redesign for the final design. This redesign involved the
majority of the lenses within the IR system, and resulted in an increase in size
of the system, necessitating a relocation of other major components within the
sensor.

2. IR Bulb Image Location Test

The purpose of the test was to determine whether the stop or the
bulb filament is imaged on the bolometer detector. The breadboard infrared
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Figure 35.

Torsional Chopper
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Figure 36. Optical-Mechanical Assembly (Breadboard)
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Figure 37. Complete Breadboard
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ical alignment was acceptabie. The image stop of 4.9 mm diameter is imaged
Lo lel
Lol S

3., Infrared Source Movement Effects

The purpose of the test was to determine the system reaction to
longitudinal and axial bulb filament movement. The system performance is not
hampered by longitudinal bulb movement since only signal intensity changes.
System output is insensitive to axial bulb movement,

4, Infrared Sample Cell Absorption Test

The purpose of the test is to obtain data for evaluation of optimum
cell length for the CO, channel. Cell lengths of 3.5 cm to 6.0 cm were used.
Curves were obtained, for each cell length, of transmittance versus partial
pressure of CO, for total pressures of 760, 600, 400, and 250 mm Hg. (See
figure 39.) The co, partial pressures ranged from 0 to 20 mm Hg. Curves
were obtained of transmittance versus total pressure for CO, partial pressures
of 5, 10, 15, and 20 mm Hg. (See figure 40.) The shorter cell leagth sccmed
superior.

Tests were run to obtain additional transmittance data with a
2.2 cm and 4.0 cm cell length. (See figure 41 .) From all of the test-runs,
an optimum cell length of 3.8 cm was determined. (See figure 42.)

5. UV Alignment and Gas Tests

Tests were run to align the optics of the UV channel using visible
light. By rotating the grating and positioning the entrance and exit slits,
an image was lined up horizontally and vertically. During these tests, it was
concluded that the alignment and adjustments would be easier if the two folding
mirrors could be eliminated. This was accomplished.

Tests were run in a dark room to align the grating in the ultra-
violet. Gas tests were run in a nitrogen filled environment to locate ghe
1470A line output of a 150 torr xenon lamp. The wavelength of the 1470A peak
was verified by passing 100 percent oxygen through the 0.004 inch sample cell,

Similar tests were run to detect HZO vapor by bubbling nitrogen through water,
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J. FINAL DESIGN

The final design was completed on May 3, 1967 with the submission
of the Phase Ila Report. The basis of the design was to provide a system
consistent with the formulated mission profile regarding environmental stresses
and the conceptual spacecraft model used during the Phase 1 study. The design
criteria given in Table I were established and used as design goals during
Phase IIla,

The original estimate of power and weight has been improved from
5 watts, 6-1/2 pounds to 4-1/2 watts, 4 pounds 14 ounces, The general ap-
proach and technique have remained unchanged from the original approach of
the Phase 1 study.

Areas of major problems were:

(1) The design of the UV sample cell to meet the minimum
pressure drop and response requirements of the original
proposal,

(2) The development of the detail design of a rugged,
torsional chopper that can be made to dwell at a
particular location in space, allowing the maximum
amount of information to be transmitted to the
detector.

(3) Development of a miniature, low power UV source with
long life and specified spectral emission,

(4) Design and fabrication of a miniature, fast UV mono-
chromator,
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Electrical:

Mechanical:

Analytical:

Environmental:

TABLE I. DESIGN CRITERIA

Power - 28 VDC % V, 5 watts, max.

Ripple - % Vpp’ <t 52 V, 100 usec spikes
Impedance - 50 {i
Size - 110 in3 (3.5 x 3.9 x 8.0 in)

Weight - < 6-1/2 1b,

Qutput Voltages - (0 - 5 volt)

a. PO2 125-250 mm Hg +2% accuracy
b. PH20 0-30 mm Hg +5% accuracy
c. PCO2 0-20 mm Hg +2% accuracy
d. PTotal 0-760 mm Hg +1% accuracy
e. PN2 100-300 mm Hg +5% accuracy

Response Time - 10 sec for 63% of step input.

Temperature (operating) 40°F to 90°F
(storage) =65°F to 200°F

Acceleration - *5 g axial
+1 g lateral

Vibration (random) 0.06 g 2/Hz (60 - 400 cps)
Acoustics - 157 db overall (0.0002 dyne/cmz)
Attitude - any

Pressure - 21 psia to vacuum (10-4 mm Hg)

Rain - MIL-STD-810 - Method 506



Environmental: Salt Fog -~ MIL-STD-810 - Method 509
Fungus = MIL-STD-810 - Method 508

Sand and Dust - MIL-STD-810 - Method 510

Humidity - Zero and 100% R.H. (0°F to 100°F)

EMI - To be defined

Life: Storage - 3 years
Operating without calibration - 120 days

Operating (total) 1 year

Sample Gas Conditions: Total Pressure (PT) 362 + 11 mm Hg alternate:
760 mm Hg

Oxygen Partial Pressure (POZ) 181 = 5.5 mm Hg

Nitrogen Partial Pressure (PN2) Diluent for PT

Carbon Dioxide Partial Pressure (PCOZ) < 7.6 mm Hg
Brief Excursions to 15 mm Hg

Water Vapor Pressure (PHZO) 2.2 to 27.1 mm Hg

Temperature 40°F to 90°F
Power Penalty: 1/2 1b/watt

Product Assurance Guides
Product Assurance Plan
NPC 250-1 (Reliability)
NPC 200-4 (Wiring)

NPC 200-2 (Quality Assurance)
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Design and fabrication of a miniature IR optical
system with a sealed sample cell.

(6) Design and fabrication of a sophisticated electronic
system having 840 components in a total volume of
less than 30.5 in3, for a packaging density of 27.5

components/in3.

The UV Sample Cell Assembly (631-0107) is shown in figure 43. The
UV source is shown in its final position at the top of the assgmbly. The upper
slit on the face of the assembly is for the 0O, channel at 1470A. The lower
slit is adjustable by means of the bottom cam to permit wavelength tuning of
the water vapor channel. The sample lines are shown on the right of the as-
sembly.

The hermetic cover (631-0106) is shown in figure 44, This assembly
was made by a dip-brazed process due to its complexity and tolerance require-
ments. The purpose of this part is to act as a leaktight cover on the optical
sections and to provide a mounting support for the welded modules. The com-
plexity of its form is to permit the most efficient utilization of the total
volume of the sensor. There are only a few cubic inches in the entire sensor
that are not occupied by components. It is estimated that 90 percent of the
total volume of 122 in’ is occupied by the system components.

The nickel tubing on the cover is to pemmit the filling of the
inert gas in the optical compartment. These tubes are pinched off and solder-
sealed after filling. The feedthrough electrical connectors are potted after
wiring to provide strain relief and high voltage breakdown protection.

Figure 45 shows several of the principal components of the system.
The photomultiplier detector is shown on its mounting brackets. The grating,
UV source, and primary mirror are shown unmounted. The pressure transducer
is shown prior to connecting the gas sample lines.

Figure 46 shows the optical compartment components before the UV
sample cell and the sample lines are installed.

K. RELIABILITY

The Design Assurance Department provided the reliability input to
the program and made its most significant contribution during the Phase II
effort. The principal activities in the Reliability Program may be summarized
as follows:

(1) Reliability prediction

(2) Reliability mathematical model
(3) Critical area analysis

(4) Worst stress case analysis

(5) Parts selection

(6) Configuration analysis
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The UV Sample Cell Assembly

Figure 43,

T

87




B

.

Figure 44, Hermetic Cover
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Figure 45. Photomultiplier Detector, Grating, UV Source, Primary Mirror,
and Pressure Transducer
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Figure 46.

Optical Compartment Components




(7) Design review
(8) Customer and vendor liaison
(9) Monthly status report

A reliability prediction was performed on the Two Gas Atmosphere
Sensor System utilizing the data obtained on the stresses from the Worst Case
analysis. Failure rate calculations were performed in accordance with the
procedures of MIL-HDBK-217A, Reliability, Stress and Failure Rate Data for
Electronic Equipment; Martin-Denver Reliability Application and Analysis
Guide; and Perkin-Elmer secondary data. Operational environments were used
as an application parameter for failure rate calculations. The prediction
was updated several times during the program and a final prediction was made
at the completion of the program. Figure 47 represents the reliability
prediction for the Two Gas Atmosphere Sensor.

A mathematical model of the Two Gas Atmosphere Sensor was con-
structed during the Phase II program. This is shown in figure 48. Deriva-
tion of each functional block indicated on the math model is accomplished by
summing failure rates of all components within that particular block. In
this manner every major item assembly unit in the entire system will be
evaluated in terms of its individual reliability contribution. The effects
on system reliability of other factors such as redundancy and operating re-
quirements are disclosed by the Reliability Block diagram. Reliability problem
areas have been indicated by the math model and subsequent improvements made,
wherever possible.

A critical area analysis was performed on those areas which were
considered to have a major impact upon the reliability of the overall system.
These items included:

(1) The Infrared source

(2) The Ultraviolet source

(3) The Torsional chopper

(4) oOptical material, particularly the sapphire used
in the UV sample cell

(5) The Gas compartment and hermetic cover seals

(6) The Total Pressure Transducer

(7) The individual electronic modules and the com-
ponents used in these modules

The electronic modules or individual circuits were comprehensively
analyzed by Design Assurance Engineering to meet the operational specifications
and requirements. Design Assurance jointly, and then independently, reviewed
the assemblies to insure that the specifications could be attained and that
proper design procedures were being utilized.

Using computer programs, the Design Assurance Group performed a

worst case analysis on all of the electronic circuits. The representative
sample of this program is presented in this section.
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CHANNEL CIIANNEL FAILURE RATES SYSTEM
MUL)ULE\ Pe, Ny €%, 9 1,0 iﬁrégm
01000 Module A9 14,361 14.361 14.361 14.361 14,361
02000 Module A8 8.0625 8.0625 8.0625 8.0625 8.0625
03000 IR Lamp 1.000 1.000 — - 1.000
04000 Optics 0.050 0.050 —_— —_— 0.050
05000 Module A7 13.365 13.365 13.365 13.365 13.365
06000 UV Lamp 0.200 —_— 0,200 0,200 0.200
07000 Optics 0.050 —_ 0.050 0.050 0,050
08000 Opt. Chopper 0.401 0.401 0.401 0.401 0.401
09000 Samp. Cell 0.007 0.007 — —_— 0.007
10000 IR Detector 0.500 0.500 _— —_— 0,500
11000 Module Al 3.471 3.471 —_— — 3.471
12000 Module A3 7.771 7.771 — —_— 7.771
13000 Samp. Cell 0.007 S 0.007 0.007 0.007
14000 Photomult. 1.000 —_ 1.000 1,000 1.000
15000 Module A2 1.1695 —_— 1.1695 1.1695 1.1695
16000 Module A3 7.771 —_— 7.771 — 7.771
17000 Module A3 7.771 —_— —_— 7.771 7,771
18000 Transducer 7.000 _ —_— — 7 .000
19000 Module A6 17.175 —_— —_ —_— 17.175
TOTAL F.R. 91,132 48.9885 46.387 46,387 91,132
MTBF 10973 HRS| 20413 HRS | 21558 HRS|21558 HRS||10973 HRS

Figure 47, Reliability Prediction by Channel
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In accordance with the contract, a failure modes and effects
analysis (FMEA) was not performed, however the failure modes and effects

e congddered digrd e
ere considered during the analysis,

Wherever possible, parts were selected that were qualified to
existing military specifications. State-of-the-art or newly developed com-
ponents were used only when test data could be obtained from the manufacturer,
verifying that the component was capable of meeting the requirements neces-
sary for proper performance. In general, high reliability parts of established
failure rates were used whenever possible. As an alternate, Military Standard
parts as defined by the QPL, or drawings or standards, were formalized when
nonexistent. Regardless of the specification on the parts, all of the semi-
conductors used in the program were subjected to X-ray screening, which has
proven to be an effective screening method for these parts.

Qualitative configuration analysis was performed on the system.
The analysis consisted of tradeoff studies during recent design reviews of
the merits of reliability versus maintainability, cost, and time. Studies
were performed on the replacement of the least reliable elements and the
resultant system weight versus the weight of providing redundancy. This
study led to the selection of a dual filament for the IR source, as an
example of increased reliability with no loss of weight or functional per-
formance.

The Design Assurance Department reviewed all designs, drawings,
and specifications, during the Phase IIa effort, to assure that the reli-
ability aspects of the performance were given due consideration. These re-
views were performed throughout the program and were supplemented with informal,
almost continual reviews between Design Assurance personnel and the Project
Designers. The components and design were reviewed for their ability to meet
the operational life and shelf life requirements. Standardized components
were used wherever possible; and mechanical, thermal, and electrical stress
levels were considered.

Design Assurance Engineering did participate in the review of the
reliability requirements of part specifications with vendors supplying major
components to the system. Corrective action for various problems with vendors,
reliability, processes, and procedures were made by Design Assurance to guide
the program in the proper selection of these specifications.

The Design Assurance Project Engineer provided monthly status re-
ports to the project. The information contained in these reports formed a part
of the monthly status report that was forwarded to NASA/LRC.

L. ELECTRONIC MODULES
1. Functional Description

The electronic system is illustrated in block diagram form in
figure 7. The following functional description of the electronic system was
used as a guide during fabrication of the welded modules and serves to il-
lustrate, in summary, the operation of the system.
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CODE IDENT.

PERKIN-ELMER DATE: 4-10-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
T SPECIFICATION
FUNCTION DESCRIPTION OF
THE ELECTRONIC MODULES USED FOR THE
TWO GAS ATMOSPHERE SENSOR SYSTEM é
REFERENCE: SPO 27442 :

PART NUMBER - 631-0001

DESIGNATION - Module Al, IR Preamp
FUNCTION - This module amplifies a thermistor bolometer output to a suitable ;
level for processing and demodulation circuits. It filters the detector bias
voltage which is supplied at +40 volts. It features fast turn characteristics

with diode limiting. It uses an integrated circuit amplifier to develop the

resistance of the amplifier is 800 megohms.

INPUT-OUTPUT CHARACTERISTICS - The input is 0.4 nanoamps p-p. The output is 300

e . . A — o—

principal gain. The input stage is an FET to provide low noise. The trans- i

to test purposes.

|
The IR test signal terminal #13 allows injection of a simulated signal '
!
|

MV p-p nominally. The required operation drive bias is +9 VDC regulated to +1/3%.

SIGNAL FREQUENCY - A complex waveform with a PRF of 20 Hz.

A reference bias of +7 VDC regulated to *1 MV is required.

BANDPASS - 1 Hz to 1 Ke. The high frequency rolloff is 20 db/oct. The low fre- |
quency rolloff is 60 db/oct.

CRITICAL AREAS - The signal input line to Q4, R1l and C7 is very susceptible to

pickup.

SPECIAL CONSIDERATIONS - The circuit requires overall continuous electrostatic

separated.

shielding and a well shielded input line. Inputs and outputs must be well

PREPARED BY

pE SPEC REV | SHEET

APPROVED APPROVED APPROVED j
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CODE IDENT. 7 PERKIN_EL—MEH DATE: 4-10-67

46555 ELECTRO-OPTICAL DIVISION, NORWAL K, CONN.

SPECIFICATION

PART NUMBER - 631-0002

DESIGNATION - Module A2, UV Preamp.

FUNCTION - This module amplifies a photomultiplier output to a suitable level

for processing and demodulation circuits, It uses an integrated circuit amplifier
to develop the principal gain. The input stage is an FET to provide low noise.

The transresistance of the amplifier is 10 megohms.

INPUT-OUTPUT CHARACTERISTICS - The input is 30 nanoamps p-p. The output is 300MV

p-p nominally. The required operating drive bias is *9 VDC regulated to +1/3%.
A reference bias of +7 VDC regulated to + 1 MV is required.

SIGNAT, FREQUENCY - A complex waveform with a PRF of 20 Hz.

BANDPASS - 1 Hz to 1Kc. The high frequency rolloff is 20 db/oct, The low
frequency rolloff is 40 db/oct.

CRITICAL AREAS - None.

SPECTAL CONSIDERATIONS - The circuit requires overall, continuous electrostatic

shielding and a well-shielded input line., Inputs and outputs must be separated.

pE SPEC REV | SHEET

PREPARED BY APPROVED APPROVED APPROVED
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 CODE IDENT. o PERKIN-ELLMER DATE: 4-10-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

PART NUMBER - 631-0003, 631-0004, 631-0005

DESIGNATION - Module A3, Signal Processing.

FUNCTION - This module amplifies the input complex waveform, provides an AGC
function, demodulates the signal in sample and hold amplifiers and integrators,
and provides buffer amplifiers for the DC output signals. The sample and hold
integrators are integrated circuits. The AGC element is a bipolar transistor

operated in an inverted connection. Redundant outputs are provided by the buffer

amplifier. Temperature compensation for the gas measurement is provided by an H

external thermistor. Course gain of the DC output is provided by an external

regsistor. The output signal course 7zero is selected by an external resistor.

INPUT-OUTPUT CHARACTERISTICS - The input is a complex waveform of 300 MV p-p 5

nominally with a range of 10 MV p-p to 5v p-p at a PRF of 20 Hz.
The output is O to 5 VDC. Sampling drive voltages consisting of

narrow pulses 3.3 msec duration, 1 v p-p, at a PRF of 20 Hz are required.

The required operating drive bias is 9 VDC, regulated to +1/3%. A
reference bias of +7 VDC regulated to *1 MV is required.
BANDPASS ~ The input bandpass is 1/2 Hz to 1 Kc. The output bandpass has a
1 second step response,

CRITICAL AREAS - None

SPECIAL CONSIDERATIONS - The circuit requires overall continuous electrostatic

shielding.
pE SPEC REV SHEETﬁ‘
PREPARED BY APPROVED APPROVED APPRPVED j
7' 101
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CODE IDENT. PERKIN-ELMER DATE: 4-10-67 |

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION i

PART NUMBER - 631-0006

DESIGNATION - Module A6, Regulators PT’ N2 circuit.

w b ——— )

FUNCTION - A #11 VDC bias is regulated to #9 VDC at +£1/7%. This 1is provided as

bias to other circuits. In addition, it is regulated to *7 VDC at *1 MVDC.
The output from the pressure transducer is amplified in an integrated
circuit and provided as redundant outputs.

H.O and O, are subtracted from

Inputs to the module representing C02, 2 9

the total pressure signal, amplified and buffered, and provided as redundant
outputs.,

The characteristics of the analog operations are determined by external
resistors. Rl sets the zero offset of the PT output.

R2 sets the zero offset of the N, output. R3, R4, R60 and R61
determine the coefficients in the analog subtraction.

Fine adjustments are provided for the previous functions except for
€O, and H,O signals.

2 2
INPUT-OUTPUT CHARACTERISTICS - All DC signals are O to 5 VDC. A bias of 11 VDC

regulated to *107% 1is required.
A bias of +9 V regulated to 1/3% is required.
A bias of 7 V regulated to *1 MV is required.

SIGNAL FREQUENCY - DC

BANDPASS - DC to 1 Kc (not significant)

CRITICAL AREAS - None

SPECTIAL CONSIDERATIONS - The circuit requires overall continuous electrostatic

shielding,

PE SPEC[ReV SHEET

PREPARED BY APPROVED APPROVED APPROVED
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CODE IDENT. PERKIN-ELMER DATE: 4-10-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

—

.

PART NUMBER - 631-0007

DESIGNATION - Module A7, Pulse Generators and Torquer Circuit.

FUNCTION - The circuit contains a 200 Hz square wave oscillator, which is the
clock for the system. The output is divided by flip-flops. The outputs of the
flip-flops are gated together to provide the torquer chopper drive signals,
sampling pulses and the test signals for the system. A torquer drive amplifier
is provided. The flip-flops and gating functions are provided by 12 integrated
circuits.

An external resistor Rl determines the clock frequency. The external
resistors R32, 33, 34 determine the shape of the complex test signal waveform.
R35, 36, 37 and 38 in conjunction with potentiometers R28, 29, 30 and 31 determine
the four angular positions of the torquer chopper.

INPUT-OUTPUT CHARACTERISTICS - The required operating drive bias is +11 VDC regu-

lated to +*10%. +3V +107% bias is required at a -11 VDC level to produce the -8 VDC
bias on terminal 7. +7 VDC reference bias regulated to *1 MV is required.

SIGNAL FREQUENCY - Narrow pulses at a PRF of 20 Hz.

BANDPASS - Not applicable to these switching circuits.

CRITICAL AREAS - None

SPECIAL CONSIDERATIONS - The circuit requires overall continuous electrostatic

shielding.

. L —

PREPARED BY APPROVED APPROVED APPROVED

PE SPEC REV SHEETJ

—

|
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CODE IDENT. PERKINF-ELMER DATE. 4-10-67

46555 ELECTRO-OPTICAL DiVISION, NORWALK, CONN.

SPECIFICATION

PART NUMBER - 631-0008

DESIGNATION - Module A8, H.V. Ampl and Oscillator,

FUNCTION - This module is part of three overall feedback loops, remaining portions
of which are in 631-0009. This circuit senses the PM tube high voltage, the UV
source lamp current and regulator circuit and compares these parameters with fixed
references. The differences are amplified and used to control two variabhle pulse
width oscillators and a current sink. The current sink is in 631-0009. A 60 DC
signal from the converter in 631-0009 is regulated to * 40 VDC to drive the bias
filters in 631-0001,

INPUT-OUTPUT CHARACTERISTICS - A sample of the HV for the PM tube dynode string,

a voltage from a control element in the lamp regulator (used to keep the high
voltage level within the range of the control circuit), and a sample of the lamp
current are inputs to the system.

A DC signal to drive the UV source lamp control element and two
variable pulse width pulse trains (which are used to drive the HV power switches in
631-0009) are outputs from the module.

The regulated operating drive bias is *11 VDC regulated to =10%.,

#9 VDC regulated to *1/37% is required.

+3 VDC *10% bias is required at a -11 VDC level to produce the -8 VDC

bias on terminal 24. +60 VDC *10% is required for the bias regulator.

SIGNAL FREQUENCY - The variable pulse width trains are a PRF of 10 Kc. Both the

width and PRF are variable over approximately 5 to 20 Kc.
BANDPASS - Not applicable to this circuit.

CRITICAL AREAS - The bias regulator's summing points, terminal 2 of ARl and AR2,

should be isolated from the oscillators Ql2, Ql6, Q17 and associated components,

SPECIAL CONSIDERATIONS - The circuit requires overall continuous electrostatic

shielding.

PE SPEC[Rrev SHEE ~

PREPARED BY APPROVED APPROVED APPROVED
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CODE IDENT. | PERKIN-ELMER DATE. 4-10-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

PART NUMBER - 631-0009

DESIGNATION - Module A9, H.V. Power Circuit, DC to DC Converter

FUNCTION - This module contains the high voltage sections for the PM tube and the
UV source lamp. In addition, it contains the DC to DC converter used to supply the

bias voltages and power to other modules.

The high voltage is developed using a flyback transformer and rectifier-

filter.

The DC to DC converter is a simplified full wave, push-pull configuratiod

which is driven by the main 28 VDC input power. It provides isolation between signal
and power grounds.
An EMI filter is provided on the input power line.

INPUT-OUTPUT CHARACTERISTICS - The input is 28 VDC +10%. The outputs are: 60 VDC;

+11 VDC; +3 VDC referenced to -11 VDC; -1700 VDC (photomultiplier bias, variable);
-2000 VDC UV lamp drive prior to firing, -200 VDC operating; 5 VRMS at 5 Kc for
the IR lamp.

A -9 VDC bias regulated to *1/37% is required.

SIGNAL FREQUENCY - The DC to DC converter operates at 5 Kc nominally. The flyback

section operates at 10 Kc nominally.
BANDPASS - Not applicable to this circuit.

CRITICAL AREAS - The base of Q6 should be isolated from the high voltage pulses.

The high voltage line from either side of CR18 and also the line from either side
of CR16 and R6 should be carefully positioned. Terminals 6 and 15 are to be pig-
tail shielded leads to protect operating personnel and reduce radiated interference.

SPECIAL CONSIDERATIONS - The circuit requires overall continuous grounded electro-

magnetic shielding (mu-metal or equivalent).

PE SPEC REV | SHEET

R

PREPARED BY APPROVED APPROVED APPROVED
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The final configuration of the welded modules prior to final
potting is shown in figure 49.

2. Procurement Specification
The welded module program was initiated with the issue of the
Procurement Specification No. 5289, which defines the requirements for this
critical assembly.
3. Acceptance Test Specification
The acceptance test specification defining the acceptance criteria
for the modules was developed during the Phase I1IIb program. Each module from
each set was subjected to the specified tests at the completion of assembly

and again after a high temperature soak just prior to final potting.

The potted modules were tested to a combination of this specifica-
tion and simulations using the breadboard.
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SPECIFICATION
DRAWINGS
Perkin-Elmer Corporation
631-0001 Module Al I.R. Preamp Agsembly
Sheet Assembly
Sheet Schematic & Parts List
631-0002 Module A2 U,V, Preamp Ascembly
Sheet Assembly
Sheet Schematic & Parts List
631-0003 Modules A3, A4, A5 Signal Procescing
631-0004
631-0005 Sheet Assembly
Sheet Schematic
Sheet Parts List
631-0006 Module A6 Regulators & Pp, N, CKT
Sheet Assembly
Sheet Schematic
Sheet Parts List
631-0007 Module A7 Pulse Generators & Torquer CKT
Sheet Assembly
Sheet Schematic
Sheet Parts List
631-0008 Module A8 HV Ampl. & Osc.
Sheet Assembly
Sheet Schematic
Sheet Parts List
631-0009 Module A9 H.V. Pwr. Ckts. DC/DC Converter
Sheet - Assembly
Sheet Schematic & Parts List
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1 3. REQUIREMENTS
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RAVINGS (Con't)
631-0010 Systen Wiring Diagrum

631-10008 Module Space Layout

N

‘3.1 PRE-PRODUCTICH - Yhis specification makes provicion for prepreduction

1

testing. Quantivics of pre-production unite, as gpecified by the buyer,
shall be tezted and ingpucted by the buyer to insure conformance with all
requiverents of Sections 3 and 4 of this specificotion,

3.2 COMPOIEZLS - The Mcdule Ascenbly shall consist of nine potted circuit
modules vhich will be interconnected by the buycr using a point-to-point
wiring harness with solder cornections shown in 621-1233, All intercon-

nection terminals and potentiometer adjustmant screws shell be accessible

after assembly in 631-10008.

3.3 SELECTION OF SFECIFICATIONS AND STANDARDS - Speciflicatione and standards
for necessary cosmmodities and services not specified herein chall be

selected in accordance with the supplier's highest grade interpal standsrd

s,

3.4 MATERIALS

' 3.4.1 POTTING MATERIAL: The final potting material used for the circuit and
cabling modules shall be Emerson and Cuming type "Stycast" No. 1090 low-
weight epoxy casting resin. This resin shall be cured in accordance with
P-E Spec. 5073. An elastomeric buffer shall be applied prior to the final
potting in E,C, 1090, in accordance with P-E Specification 5201,

3.4,2 PROTECTIVE TREATMENT: When materials are used in the construction of the
‘Module Assexnbly that are subject to deterioration when exposed to the en-
vironuzutal conditions of Paragraph 3.7.2, they shall be protacted azainst
such daterioration in a manzer that will ‘in no way preveat coupliance

I T (P2 Colnnaviar
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PERKIN-ELLIER

SPECIFICATION B

3.5

3.5.1

3.5.2

3.5.3

‘materials shall be employed, using MIL-E-5400 as a guide.

-fiine circuit modules. A circuit module is an encapsulated group of elec~

with the performance requirements of this specification., The use of any

of climatic and environmental conditions shall be avoided. Non-nutrient

DESICN

GENERAL: The basic sub-assemblies employed in the Module Assembly are

tronic components, stacked in close physical proximity to one another and
electrically connected, by welded connections only, on a circuit matrix
film or by point-to-point welded connections. Connections extending from
the circuit matrix are welded to turret plated béryllium copper terminals.
Jumpers are prévided internal to the circuit module to insure compatability
with the specified functional schematics and wiring diagrams. VWith the

sole exceétion of Module A9, all modules require electrostatic shields
to‘provide shielding between modules and at the ends of the module assembly.
Module A9 requires an electro-magnetic shield. Exceptions to welded con-
nections must be approved by Perkin-Elmer.

ELECTROSTATIC SHIELDI&G: Modules Al thru A8 are to be electrostatically
shielded by electroless copper plating or equivalent followed by a pro-
tective coating of electroplated cyanide bright gold or the equivalent

for high anti-galling characteristic and high resistance to wear and
corrosion. |

ELECTROMAGNETIC SHIELDING: Module A9 1is to be electromagnetically shielded
by the use of a mu metal or eduivalént magnet shield can which will com;

pletely cover five sides of the module. No special header is required,

J
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COXSTRUCTICS:  The circuit modules shall be coustructed to wvithstand all

the environuental reguivements of Soction 3.7.2 snd chall protect all
encaprulated componvals within the modules from these conditions., The
modules chall withst&nd vepeated assembly (soldering and unsoldering) and
removal'from the completed asseably without loccening of the viring tervin-
als. Wiring termincls encapsulated in a 1090 header are not acceptable.
Fiberglase or other suitable material shall be uced. The construction

shall not in any way reduce the functional circuit performence of the in-

dividual or zssembled modules.,

. 1. bt "\—'_: WATREE S B '_:“"”"“" ’
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SPECIFICATION S |
3.6.1 PACKAGING: The electronic moduleg shall incorporate all solid state

c) NPC 200-2

modular construction and shall be capable of complying with the essential
tequifements as a guide set forth in NASA Specifications

a) NBC 250-1

b) NPC 200-4

all referred to in Section 2,1

The design and processes used shall be capable upon direction from the
buyer, of complying with the requirements of the HASA specifications

with a minimum of changes to the existing programs.

Strict compliance with the NASA specifications is not a requirement at

this time.
3.7 PERFORMANCE
3.7.1 GENERAL: The follovwing requirements refer to the_Module Assembly and
where applicable, to the individual components making up this assembly.
3.7.2 ENVIRONMMENTAL REQUIREMENTS
3.7.2.1 ACCELERATION: The Module Assembly shall withstand 5g axially and 1 g
laterally for a five-minute duration in each of three mutually perpendicular
axes.
3.7.2.2 ACOUSTICS: The Module Assembly chall withstand a noise level of 157 db
while in an environment at 0.0002 dynes/cm?,
3.7.2.3 RANDOM VIBRATION: The Module Assembly shall be operable after exposure
to random vibration of 0.06 gz/cps from 60 cps to 400 cps on each of three
mutually perpendicular axes. The range shall be swept at 1/2 octave/minute,
3.7.2.4 TEMPERATURE :
3.7.2.4.1 STORAGE TEMPERATURE: The Module Assembly shall be operable after exposure
to the following temperaturesﬁ -65°F to +200°F |
T - — FE SPEC[REv[eET
: r—fr—mce') ey | approvep |7 AperoveD APPROVED 5§28 39 3
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3.7.2.4.2

3.7.2.5

3.7.2'6

3.7.3
3.7.3.1

3.7.3.2

3.7.4

3.8

OPERATING TOMUERNIG.H:  Lhe dModule Asscably shall nect the requircnents
of Section 3 while exposed to 40°F to 90°F,
HMIDITY ~ The ilodule Ascombly sholl be oporable after exposure to 0 to
50 percent relative huwidity from 0°F to 1000F

ALTTTUDE =~ The Modulc Aswably shell be eapable of operaling continuously
with an aﬁbient pressure of 21,0 psia to 1 x 10°% mu Kg.

LIFy

SHELF LIFE - The Module Asscibly shall have a shelf life of threc years
in the deagtivated state and suitably packaged for storage,

ACTIVE LIFE - The Module Asserbly shall be operable for 120 days without
requiring calibration, It shall furthermore have an operating life of

one year,

DETAILS CF SURASSENBLIES - Each circuit medule shall confora to 631-1233
and 631-0001 thru 631-0009 for circuit interconnacticns, electronic parts,

cal ad

febo

test points, electr ustments and physical gize
deletions or additions to these drawings nust be submitted to the buyer for
approval prior to implementation.

INTERCHANGEABILITY - All modules, or assemblies having the samz part nuater

of designation shall be functionally and dimensionally interchangeable,

3.9 DI*ENSIONS - The maximum permissible dimenscions are shown in cheet 1 of
631-0001 thru 631-0009. Reduction in any dimension is desirable, but no
trade-off of size for performance is permitted.

3.10 VEIGHT - A minimum-veight assembly is desired. The module assembly ghall
weigh less than Ibs. The addition of heavy mechanical supports within
any madule shall be avoided. Minimun epoxy weight is required,

114
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CODE IDENT. F=FRKIN-=LVIES DATE:3-13-67

46555 ) ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
SPECIFICATICN
3.11 FINISH - No external finish shall be necessary except as specified in

Paragraph 3.4.2.

3.12 IDENTIFICATION OF PRODUCT - Each circuit module shall be permanently marked
in accordance with 631-10008. Terminal marking shall be adjacent to the
terminal. Part No., name, etc.,may be on the side of the asseunbly.

3.13 BUYER FURNISHED PROPERTY

3.13.1 An operating breadboard shall be provided by the buyer at the request of
the supplier to assist in the supplier's acceptance tests, The breadboard
shall contain the same circuits and parts as the completed module.

3.14 WORKMANSHIP - The highest quality and- standard of workmanship is expected
in the fabrication of the equipment covered by this specification,

4, QUALITY ASSURANCE PROVISIONS - An incoming parts inspection (GO - XO GO)
is required by this specification. All electronic parts will be purchased
by the Perkin-Elmer Corporation, and delivered to the supplier. The test-
ing procedure shall be determined by negotiations with the supplier prior
to issuance of any purchase orders.

5. PREPARATION FOR DELIVERY - All units shall be preéerved and packaged in
accordance with the mangfacturer's best practice.

5.1 MARKING FOR SHIPMZINT AND éTORAGE - Interior packages and exterior shipping
containers shall be marked with the following nomenclature:

The Perkin-Elmer Corpération
Electro-Optical Division
50 Danbury Road
South Wilton, Connecticut
6. NOTES

6.1 INTENDED USE - The Module Assembly shall be installed into an aluminus

housing containing the remaining components of a complete instrumentation

system. The complete system shall be tested to be a

' ' —
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prototype system. If a failure should occur afier the acceptance tests,

it is the intention to replace the damared nodule witn a spare module.,
(&

Complete intercharzeability is then of prime importance as

specified

in Paragraph 3.8.
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6ﬁ;§ﬁthb1tages - (0 -'5 volt)

Environmental: -

DESIGN CRITERIA

‘Power - 28 VDC * L V, 5 watts, max.

2

Ripple -f% V., <t 52V, 100 uscc spikes

PP
Impedance - 50 0

Size - 110 i (3.5 x 3.9 x 8.0 in)

. Weight - < 6-1/2 1b.

[T

a, PO2 - 125-250 rmlg  %27% accuracy.
b. PHéO ~ 0-30 mmHg 5% accuracy
c. PCOé\ - 0-20 mmHg . %27 accuracy
- mHg £19," a
d. PTotal 0-760 mmHg 1% accuracy
e. PNZ 100-300 rHg . 5% accuracy

Response time - 10 sec for 637, of step input.

Temperature (operating) 40°F to 90°F

(storag2)  -65°F to 200°F

Acceleration - :5 g axial
*1 g lateral

Vibration (random) ' 0.C5 3 2/cps (60 - 400 cps)
Acoustics - 157 db overall (0.0002 dyne/cmz)
Altitude, attitude - any

Pressure - 21 PSIA to vacuum (10-4 mig)

117
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Life: Storage - 3 vears
c : Operating without calibration - 120 duys
: . i
, Operitirg (total) 1 year

Ssﬁple Gas Conditions:

Fitrozen Partial Proscsura (PN)

) D

S
‘Cavbon Dioxide Partial Preszsure (
: Brief Excursions to 1

‘Mater Vasor Prossure (PHQO) 2.2 to 27.1 mHg
2 - - . -~

. Temperaturz 40°F to 90°F

Power Penalty:  1/2 1b/vatt

Product Assurance Guides
Product Assurance Plan
NPC 250-1 (Reliability)
FPC 200-4 (Wiring)
NPC 200-2 (Quality Assurance)
Ignition Proof:
Rain - MIL-STD 810 - athod 396
Salt Fog - MIL-STD 8!2 - Yetiod 309
Furgus - MIL-STD 810 -~ Mathod 50¢
Sand and Dust - MIL-STD 812 - Methcd 510
Humidity - Zero an? 100% R.H. (0°F to 100°F)

EMI - To Be Defined

1i8



CODE IDENT. PERKIN-ELMER DATE: 8-1-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

ELECTRONIC MODULE
ACCEPTANCE TEST SPECIFICATION

TWO GAS AmuncpournlE SENSOR

ANV SN A LA W Asavar was

ACCURACY OF TEST EQUIPMENT

All dc voltages are measured with an 11 meg. 3% VIVM.

Output voltages (dependent variables) are measured with the same instrument
used to set the power supply and reference voltages.

Waveform amplitudes and levels are measured using an oscilloscope whose vertical
amplifier is calibrated to %37 accuracy.

Frequencies, pulse lengths and rise times, and time relationships are measured
using the oscilloscopé's calibrated horizontal sweep. Calibration accuracy is #5%.

Times longer than 1 second are measured with a VIVM and a sweep second hand.

Accuracy is *20%.

PE SPEC REV| SHEET
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CC;DGES'EESNT' PERKIN-ELMER DATE:8-1-67

ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

l1.1.1

MODULE Al

ACCEPTANCE TEST SPECIFICATION

With no connections to the module other than the two ohmmeter
leads, the d.c. resistances between the following pairs of
pins should be as follows:

10 to 4 less than 0.2JL

10 to 11 less than 0.2.)

10 to 12 less than 0.2f1

10 to 13 1561 +5%
A) Connect the module as shown in Fig. 1.1. Adjust the square
wave generator and the regulated supply to produce a d.c. level
of +40.0 v.d.c. with 150 mv p-p of 50 Cps square wave ripple,
both measured at pin 5.
The voltage at the red wire (pin 1) should be 38.0 +0.5 v.d.c.
with less than 1.0 mv p-p of ripple or spikes as the generator
frequency is slowly varied from its low frequency limit (approx-
imately 10 cps) to 1.5 kc.
Connect the Square wave generator and the regulated supply to
give -40.0 v.d.c. with 150 mv p-p of SO Cps. square wave ripple
both measured at pin 14.
The voltage at the black wire (pin 3) should be -38.0 +0.5

v.d.c. with less than 1.0 mv p-p of ripple or spikes as the

2/2
PREPARED BY APPROVED APPROVED APPROVED /J
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CODE IDENT.

26558 PERKIN-ELMER

ELEC DIVISION, NORWALK, CONN.

DATE: 5//2/57

SPECIFICATION

5D

L 2o
2w

N

220K
l/,W 570
REGULATED
+ 40,0 v.d.c
. L SUPPLY
® 9t
@ il meg
VTvM € - — — — — — -
@ RCA  wV- 84
— OR EQUIV.
. GROUND ';3:’

.

P_a 10001

-0
-0

RESULATED
SUPPLY

t+

-40.0 v.d.c. X

@EEOG

Power supplies may be operated independently

FIGURE 1.1.

€6.8K w 107

|
i
1
!
!
I
(
|

O

O

oV
OSCILLOSCOPE
TEX TRONIX

TyYPE 535
OR EQUIV.

SQUARE WAVE
GENVERATOR

TEXTRONIX
TYPE (05 OR EQuUiv.

%C,Qomu
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46555 ELECTRO-OPFTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

e e e e e e o=
SHIELD
-
+
6 +7»0 v.0.C. —O.ZV, o+
= REGULATED
- SUPPLIES
+
©7 4+9.0 v.o.c. To.2v +
O -
IR J
6.0K :
nw 1090 — — — __ -
@iu-rpu'r ~ _
VTVM ~
Yo W RCA WV -9gA ~ - ’
10 %0 OR EQUIV. -
v - ~ o \/
REGULATED _ - E:o
- 9,0 v, . to.av. 1Ot SuppPLY -~ T 0SIillOS IPE
@ 9,0 v.p.c. 10 VIO_ - AR
- TYPE Tg
GROUND = - OR £gq/iv
(19 _
-~ -
y & ROUND —~
Q- .
) L -
G ROUND -~
- - 7~
L e
e sQUARE WAVE GENERATO%
7 TEXTRONIX TYyYPE (0%
Vs S6K
- A OR EQUIV,
@ TerT YWV »
INPUT '/W ]:

Turn on all three power supplies simultaneously

FIGURE 4.2.

PE SPEC|ReY| sHeeT
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CODE IDENT. PEHK'N“ELMEH DATE:8-1-67

46555 ELEC DIVISION, NORWALK, CONN.

SPECIFICATION

generator frequency is slowly varied from its low frequency
limit to 1.5 kc.

1.3.1 Enclose the bottom and sides of the module in a grounded shield
Connect the module as shown in Fig. 1.2 and apply the required
power supply voltages.

With no input to pin 13, the output (pin 8) d.c. level should
be between 0.0 and -0.5 v.d.c. When displayed on a d.c.
coupled scope at 20 mv/cm and 0.5 cm/sec., the output should
show less than 50 mv p-p of random fluctuation. There should
be no oscillation visible at 20 mv/cm and sweep speeds between
100 msec/cm and 0.1 usec/cm.

1.3.2 Adjust the generator to give a 5.0 mv p-p 167 cps square wave
at pin 13.

The output (pin 8) should be a rounded square wave with an
amplitude of between 1.5V and 2.0V p-p-

1.3.3 Adjust the generator to give an output (pin 8) of 2.0 V p-p.
The rise and fali times (0 to 75%) should be between 300 and
500 usec. with no overshoot or ringing.

Decrease the output amplitude to 300 mv p-p. There should be
no change in wave shape.

1.4.1 ACCEPTANCE CRITERIA - The module is acceptable if:

1. The outputs of the filters are plus and minus 38.5 v.d.c.

+0.5V with less than 1.0 mv p-p of ripple for inputs of plus

PE SPEC REV | SHEET
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CODE IDENT. PERKIN-ELMER . DATEB-1-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

and minus 40.0 v.d.c. with 150 mv p-p of ripple.

2. The output d.c. level is between 0.0 v.d.c. and =-0.5 v.d.c.
3. The module does not oscillate with no input, and the ran-
dom noise at the output is less than 50.0 mv p-p.

4. The voltage amplification and rise times are as specified,
with no overshoot or ringing.

MoOpDULZ Al

2.1.1 With no connection to the module other than the two ohmmeter

leads, the d.c. resistances between the following pairs of
pins should be less than 0.1 ohm unlessotherwise specified.
3 to 4
5 to 6
7 to 8
9 to 2
9 to 10
9 to 14
12 to 13
10 to 11 10002 +5%
Do not proceed with other tests unless these resistances are
as specified.
2.2.1 Connect the power supplies and the 15k resistor to the module
as shown in Fig. 2.1.
Shield pin 1 and disconnect the 10k resistor from pin 11.

The d.c. level at the output (pin 7) should be between -0.2

PE SPEC REV| SHEET
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CODE IDENT.

PERKIN-ELMER DATE: 8/12/7

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
SPECIFICATION
SISNAL
iINPUT (j)
sHiELD /)
o/
\
@ +9.0 v.o.c 10.2v o
|
e o=
: REGULATED
@‘" H 7~ PoweR
SUPPLIES
@ +7.0 v.o.c *0.2v R
49 oot
® S
@ OUTPUT
TEXTRONIX
é.8 Kk 535,502,
o~ ovrevr . AW 1070 = T = = OR _Equiv.
- -
@ ~ 7N\
I1ISKQ VTVM ~ @
Ya W RCA WV-98A ™
L 107 OR EQUIV. ,\‘__i:.ov
: — a®
- Y L
<:> G ROUND -
-~
- P
— P _— s /
Qo)_g_ug'lvo P
<+ 7
’ pd
4 SQUARE WAVE GENERATOR
N KVJV%\KII o TEXTRONIX TYPE 105 OR EQUIV.
INbOT 2 W I
1070 -
RESUL ATED
to0.2v + POWER
= syPPLY

Turn on #9 volt supplies simultaneously then
bring the +7 volt supply up to 7.0 -v.d.c. over -1
a 5 second interval.

3 Turn off all three supplies
1 simultaneously.
FIGURE 2.1.
VW (Lovaer PE SPEC/|REV] SHEET
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ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

and -1.2 v.d.c. as measured with a VTVM.

The output, as measured with an oscilloscope having a sensitiv-
ity of 50 mv/cm, should be pure d.c. with no oscillation or
noise visible at sweep rates of from 100 msec/cm to 1 usec/cm.
The only exception is a maximum of 10 mv peak to peak power
frequency ripple.

(If stray pickup is excessive, check the test equipment for
residual ripple and the power supplies for less than 10 mv
p—-p of ripple. It may be necessary to enclose the bottom and
four sides of the module in a grounded shield.)

Connect the 10k resistor and square wave generator to pin 11.
Connect the oscilloscope to pin 11 and adjust the generator to
give a 50 mv p-p 250 cps square wave at pin 1l. The output
waveform should be a rounded square wave with an amplitude

of between 470 mv and 620 mv p-p and with no overshoot, ring-
ing, oscillation or noise other than the permissible 10 mv
pP-p power supply ripple.

Increase the input amplitude to give an output amplitude of
2.0 v p-p.

The rise and fall times ( O to 75% of transition) of the
output waveform should be 220 usec. +40 usec with no oscilla-
tion or ripple visible.

ACCEPTANCE CRITERIA - The module is acceptable if:

PREPARED BY APPROVED ~ APPROVED APPROVED 5/39
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46555

DATE:8-1-67
ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

1. the d.c. resistances are as specified

2. the output d.c. level is within the specified limits

3. the peak to peak output amplitude is within the specified
limits for the 50 mv p-p input

4. the output waveforms and transition times are as specified.

MODULE A3

3.1.1 With no connection to the module other than the two ohmmeter
leads, the d.c. resistances between the following pairs of
pins should be less than 0.1 ohm:
3 and 27
7 and 8
9 and 10
12 and 13
3.2.1 Connect the module as shown in Figure 3.1. Temporarily ground
pin 4. Turn on the +9, -9, and -11 volt supplies simultane-
ously. Adjust the signal generator to give a 1.5v p-p 25
cps square wave. Check to see that the voltage levels and
phase relationships of the signals at pins 1, 2, and 6 are
as specified in Fig. 3.1.
Set Rl (suggested signal source, Fig. 3.2) to give a 20 mv
P-p signal at pin 1. Set the reference supply to give -3.0
v.d.c. at pin 24. |
With the switch in position A, the voltaéé at pin 3, V3, should
settle to 0.0 v.d.c. +0.05 v 4n one minute.
PE SPEC REV| SHEET
prRePARED BY |  APPROVED APPROVED APPROVED 7/30
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@ Avde. v, REGULATE
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GROUNTD
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@ AU X ouT,
33K
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@) - REGULATED
@ Power
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+
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@ NOTE: ALV RESISTORS Y2 WATT | |07
FISURE 3,1,
PE SPEC REV ] SHEET
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PERKIN-ELMER

DATE:
46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
’ SPECIFICATION
.8V. p~
. R1 Q4 L3V. p-p
- ot ‘ o oyYTPUT
TO INPUT ’%‘00-“ 1k 25 cps .
SQUARE VWAVE
.t < GENERATOR.
— TEXTAONI X
’ TYPE 105 OR
12K E GALY,
A e
LS K
B < MW—F a2

TO =140 VgSUPPLY

10K

l\

1. This circuit will only work with the Textronix type 105 or other
generator with negative offset voltage and 50

2. 0l - 2N?906 or other inexpensive silicon PNP medium speed switch.

3. Q2 - 2N3904 or other inexpensive silicon NPN medium speed switch.

4. All resistors 5% 1/2 W

output impedance.

SUGGESTED SIGNAL SOURCE
FIGURE 3.2,
PE SPEC [REV] sHEeT
PREPARED BY | APPROVED APPROVED APPROVED /30
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CON?J.
SPECIFICATION
3.2.2 When the switch is flipped to position B, V3 should swing

slowly to =3.0 v.d.c., takin

-2.7 v.d.c., and should settle to -3.0 v.d.c. +0.05v. within

one minute.

3.2.3 Use Rl to increase the input amplitude, Vyp, (pin 1) to 1.5 v.
P-p in steps of 0.5v.
After each step V3 should momentarily go more negative than
-3.0 v.d.c., then settle back to -3.0 v. +0.05v. in about 15
seconds after each step.
3.2.4 After Viy has been increased to 1.5V p-p and V3 has settled
to =-3.0 v.d.c. £0.05v., flip the switch to position A.
V3 should decay to =0.3v in 5 to 8 seconds, and to -0.05
v.d.c. or less in one minute.
3.2.5 Reduce the input amplitude to 20 mv p-p and flip the switch
to position B. V3 should climb back down to -3.0 v.d.c.
+0.05v. in less than one minute.
3.2.6 With the switch still in position B, change the reference
supply to -4.0 v.d.c. V3 should settle to -4.0 v.d.c. +0.05v
in less than one minute.
3.3.1 Flip the switch to position A and leave it there. Set the
reference supply at -1.00 v.d.c. The auxiliary output voltage
(pin 17) should change from 0.0 v.d.c. +.10v to a value be-
tween -1.05 v.d.c. and -1.30 v.d.c. (depending on position of
PE SPEC |REV| SHEET
PREPARED BY APPROVED APPROVED APPROVED 12/30
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SPECIKFICATION

R45) as R43 (ref. to print no. 631-0003) is turned from one

end of its rotation to the other.

3.3.2 With pin 17 more negative than -1.00 v.d.c. both output volt-

ages (pins 11 and 14) should be between -0.40 and -0.80 v.d.c.

3.3.3 Use R43 to set the auxiliary output voltage to zero.

Un-

ground pin 4 and connect pin 4 to the reference supply.

the reference supply at -1.00 v.d.c. the auxiliary output
voltage should change from +2.65 v.d.c. +0.20v to +3.25 v.d.c.

+-.20v. as R45 is turned from one end of its rotation to the

other.

3.3.4. When the auxiliary output voltage is +3.25v. each of the two
output voltages (pins 11 and 14) should be within +0.00v.
-0.20v. of the auxiliary output voltage, and within +0.05v.

of each other.

3.3.5 Increase the negative reference supply voltage until the

auxiliary output voltage is +6.20 v.d.c.

The output voltages

(pins 11 and 14) should be between +5.30 and 6.00 v.d.c.

3.4.1 ACCEPTANCE CRITERIA - The module is acceptable if:

1.

2.

A and B with the switch in position B V

for any value of Vrgp between 0.00 and -4.00 v.d.c. and any

the d.c. resistances are as specified

value of Vyy between 20 mv p-p and 1l.5v p-p.

with the specified waveforms at the input and at points

- VREF + 0.05 v.d.c.

With

PREPARED BY

APPROVED

APPROVED

APPROVED
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46555

ELECTRO-OPTICAL DIiVISION, NORWALK, CONN.

SPECIFICATION

3. with the switchin position A V3 = 0.00 +0.05 v.d.c. for
the ranges of Vyy and VREF Specified above.

4. When the switch is flipped from A to B or from B to A,
V3 reaches 90% of its final value in 5 to 8 seconds and is
within +0.05 v.d.c. of the final value in one minute.

5. The auxiliary output and the two output voltages are as
specified for the specified settings of R43 and R45 and

values of VREF.

PREPARED BY

APPROVED

APPROVED

APPROVED
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SPECNKFICATION
MODULE A4 AND A5
ACCEPTANCE TEST SPECIFiCATIONS
4.1.1 Module 4 is electrically identical to module 3. The test

procedure and acceptance criteria are

3.

5.1.1 Module 5 is electrically identical to
procedure and acceptance criteria are

6.1.1 With no connections to the module other than the two ohmmeter
leads, the d.c. fesistances between the following pairs of

pins should be less than 0.1 ohm unless otherwise specified.

MODUVLE A6

module 3.

1 and 2 23 and 24
4 and 5 27 and 28
6 and 7 34 and 35
6 and 8 13 and 29 2.5k to 7.5K (R29)
9 and 10 15 and 25 0 to 2.0K (R28)
11 and 12 18 and 33 0 to 5.0K (R46)
13 and 14
13 and 16
18 and 21
18 and 22
19 and 20
6.2.1 Connect the module as shown in Figure 6.1.

and minus 1l volt supply simultaneously and wait 5 seconds.

Turn on the plus

the same as for module

The test

the same as for module 3.

PREPARED BY

APPROVED

APPROVED

APPROVED
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FIGURE 6.1,
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PREPARED BY APPROVED APPROVED APPROVED ’6/30

134

2-0034-00



CODE IDENT. PERKIN-ELMER DATEg-1-67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECKFICATION

The voltage at pin 4 should be +9.00 v.d.c. +0.50v and should

= P et LN o 4+ t +

remain constant +h

he +11lv. supply is in
pendently varied between +10.0 and +12.5 v.d.c.
The voltage at pin 9 is nominally -9.00 v.d.c. and should
remain within +0.20v. of the value of the voltage at pin 4
as the -llv. supply is independently varied between -10.0
and 12.5 v.d.c.
6.2.2 The voltage at pin 1 should be +7.00 v.d.c. +0.40v.
The voltage at pin 13 is nominally -7.00 v.d.c. and should
be within #0.05v. of the value of the voltage at pin 1.
6.3.1 Temporarily disconnect one end of the 47K resistor from pin
17 and ground the free end. Adjust R43 (ref. to print no.
631-0006) to give +2.50 v.d.c. at pin 31. The voltage at
pin 32 should be +2.50 v.d.c. +0.05v. (Measure with the same
meter used to measure pin 31, or use an identically calibrated
one) .
6.3.2 Reconnect the 47K resistor to pin 17. Both Ny, outputs (pins
31 and 32) should change smoothly from a value between -0.40
and-0.80 v.d.c. to a value between +5.30 and 6.00 v.d.c. as
R35 is turned from one end of its rotation to the other.
6.4.1 Remove one end of the 6.8K resistor from pin 16 and temporarily

ground the free end. Both Pq outputs (pins 26 and 30) should

remain at values between -0.40 and -0.80 v.d.c. as R37 is

PE SPEC REV| SHEET

7
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ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

varied through most of its range, and should go to -0.10 v.d.c.
+0.10v. as R37 reaches one end of its rotation.

Leave R37 at this end of its rotation. Reconnect the 6.8K
resistor to pin 16. With R2 (Fig. 6.1) near the center of

its rotation, set R28 at the end of its rotation that gives

the least positive voltage at pin 26. Both Pp outputs should
vary from -0.10 v.d.c. +0.10v. to +5.60 v.d.c. +0.40v. as R2

is turned from one end of its rotation to the other.

Use R2 to set the voltage at pin 27 to +2.50 v.d.c. The
voltage at pins 26 and 30 should be between +2.35 and +2.50

v.d.c., and should be within +0.05v. of each other.

ACCEPTANCE CRITERIA - The module is acceptable if:

l. The d.c. resistances are as specified in 6.1.1

2. The +9, +7, -7 and -9 volt outputs are as specified
in 6.2 under the conditions given in 6.2

3. The N, outputs are as specified under the conditions
given in 6.3

4. The Pp outputs are as specified under the conditions
given in 6.4.

MOOULE A7

With no connections to the module other than the two ohmmeter

leads, the d.c. resistances between the following pairs of pins

should be less than 0.1 ohm unless otherwise specified.

PREPARED BY APPROVED APPROVED APPROVED

PE SPEC REV| SHEET
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10

11

12

12

18

21

21

21

30

32

32

35

37

39

10

1l and 2

5 and 6

8 and 9

and

and

and

and

and

and

and

and

and

and

and

and

and

and

and

13

14

15

16

19

23

25

27

31

33

34

36

38

40

15

18 and 29

battery to pin 7.

133K +5K

25 +2 {1

7.2.1 Connect the module as shown in Fig. 7.1.

do not connect the resistors to pins 24 and 26.

For the moment,

Turn on all
four power supplies simultaneously, then connect the 3 volt

Set the oscilloscope for V = 2 v/cm

PREPARED BY
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APPROVED
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GODE TENT: PERKIN-ELMER oATE,
46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
SPECIFICATION
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PE SPEC|ReV| sHeeT
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SPECIFICATION
D.C. coupled, H = 10 msec/cm, and negative d.c. external
triggering. Connecting the scope probe to pin 11 should

display waveform 1 of Fig. 6.2. The width of the -6.5V

level should be 20 +3 msec.

Adjust the sweep rate so that the -6.5v. level occupies 2.0
horizontal divisions. Check waveforms 2 through 5 of Fig. 7.2
Their amplitudes, levels, and time relationships to waveform

1 should be as specified on Fig. 7.2. Rise times should be
unreadably fast at 10 msec/cm, and there should be no super-
imposed noise to ripple visible.

Connect the resistors to pins 24 and 26, and connect the scope
probe to pin 28. This should display waveform 6. Set R31
through R34 at the ends of their rotations that minimize the
amplitudes of the breakpoints. The waveform, time relation-
ship to waveform 1, and breakpoint amplitudes should be as
specified in Fig. 7.2. There should be no superimposed noise
or high frequency oscillation visible.

Set the scope to 0.5v/cm (a.c. coupled if necessary) and

check waveforms 7 through 10. Their amplitudes, time relation-
ships, and widths should be as specified, with fast risetimes
and no superimposed noise or level shifts.

Acceptance Criteria - The module is acceptable if:

l. the d.c. resistances are as specified.

PE SPEC REV| SHEET
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

2. waveforms 1 through 11 are as specified.
MODULE A8
8.1.1 With no connections to the module other than the two ohmmeter

leads, the d.c. resistances between the following pairs of
pins should be less than 0.1l ohm.
1l and 2
1 and 3
4 and 5
6 and 7
8 and 9
10 and 11
10 and 12
10 and 13
14 and 15
16 and 17
23 and 24
23 and 25
28 and 29
8.2.1 Connect the module as shown in Fig. 8.1. Turn on the +60v.
supplies. After one second simultaneously turn on the four
low voltage supplies, then connect the 3 volt battery to pin
24. To turn off, disconnect the 3 volt battery and the four
low voltage supplies in that order, then wait ten seconds

before turning off the +60 volt supplies.

PE SPEC REV | SHEET °
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MIN 7%2 MSEC (RA AT NEGATWE END)
MAX 70110 sEC (R1 AT POSITWE END)

\/Pln 22
2.5v.mi
:'8OZV I T N
10.2v, t‘_.'
22T 4 sEC
FIG 8.2 a
MIN 24 14 pisec.(R2 AT POSITIVE END )
MAX 2251304cseC. (R2 AT GROUNDETD END )
vpm 17 I
1 T 2.5 v. MIN,
-g.7v
to.2v. | —
63T 7usec.
F16. 8.2 b
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The waveform at pin 22 should be as shown in Fig. 8.2A. As
R1 is rotated from negative to positive through the center
third of its rotation the length of the positive part of
waveform 8.2A should change smoothly and rapidly from the
minimum value specified to the maximum. The length of the
negative part should remain within the specified limits re-
gardless of the position of Rl1. (jitter caused by 60 cycle
pickup can be eliminated by grounding the pot shaft.)

The waveform at pin 27 should be as shown in Fig. 8.2B. As
R2 is rotated from negative to positive through the most
positive third of its rotation, the length of the positive

part of waveform 6.2B should change smoothly and rapidly

the negative part should remain within the specified limits.
As R3 is turned from its most negative end to its least nega-
tive end, the voltage at pin 18 should change smoothly from
-9.0 to -7.4 v.d.c. +0.2v.

For a reference voltage of +7.0 v.d.c. (pin 2) the voltage

at pins 31 should be bétween -39.0 and -44.0 Q.d.c. and shoy;d
not vary by more than 0.1 volt as the vbltage on pin.zo_i§§:f
varied between -50 and -60 v.d.c.

F. The magnitude of the positive voltage at p1n 30 should be

within +1.0 volt of the value of the negatlve voltage at pln

gy
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SPECIFICATION

31, and should not vary by more than +0.l volt as the voltage
on pin 19 is varied between +50 and +60 v.d.c.

Acceptance Criteria - The module is acceptable if:

1. the d.c. resistances are as specified

2. the period (length) of waveform 6.2A changes from minimum
to maximum as Rl goes from negative to positive, and the
lengths and amplitude are as specified.

3. The period of waveform 6.2B changes from maximum to mini-
mum as R2 goes from zero to positive, and the lengths and
amplitudes are as specified.

4. The voltage at pin 18 changes from -9.0 to -7.4v. as R3
goes from most to least negative.

5. the output of the +40v. regulator is as specified.

6. The output of the -40v. regulator is as specified.

With no connection to the module other than the two ohmmeter
leads, check for the following d.c. resistances:

pin 7 to lead 6 shield less than 0.1 /2

pin 7 to lead 15 shield less than 0.1 1

pin 7 to pin 11 less than 0.1 41

MODULE A9
Connect the module as shown in Fig. 9.1. With 28.0 v.d.c.

applied between pins 1 and 3, the input current should be
less than 150 ma.d.c. Check for the following voltages:

pin 4 +60 v.d.c. #10v,
pin 17 -60 v.d.c. +10v.

PE SPEC REV| SHEET
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
SPECIFICATION

pin 5 +11.0 v.d.c. +0.5v.

pin 1S -11.0 v.d.c. +0.5v.

pin 10 -8.0 v.d.c. +0.5v.

pin 12 symmetrical square wave frequency 5kc +2kc
min. amplitude 8.7v. p-p

pin 13 rounded square wave, same amplitude and frequency
as pin 12, transition time approximately 1/4 of
the period.

9.2.2 Adjust the signal generator to produce 4.0v. p-p l5kc sym-

metrical square wave at its output. Connect point A to pin

9 and readjust the geﬁerator output to 4.0v. p-p. Using an
11 megohm VITVM (RCA WV 98A or equivalent) measure the voltage
at the center conductor of lead 6. This should be between
-1.2 kv.d.c. and -1.5 kv.d.c. The d.c. input current should
not exceed 200 ma. with the VIVM connected.

Remove wire A from pin 6 and connect it to pin 20. Measure
the voltage at the center conductor of lead 15. This should
be between -1.2 kv.d.c. and -1.5 kv.d.c. into the 11 megohm
load. The input current should not exceed 200 ma. Connect
the 660K load resistance to lead 15. The high voltage should
drop to -550 v.d.c. +60v. The voltage at pin 16 should be
-10.3 v.d.c. +0.5v.

When the 220K resistor is removed from pin 17, the voltage

PREPARED BY | APPROVED APPROVED APPROVED 29/39
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at pin 16 should change to +85.0 v.d.c. +10.0 v.d.c.

9.3.] Acceptance Criteria - The module is acceptable 1ift:

1. the voltages given in 9.2.1 are as specified.

2. the high voltage power supplies operate as specified.

3. the voltace at pin 16 changes as specified.

4. the d.c. input current does not exceed 150 ma.

with the high voltage power supplies inoperative or 200 ma
with either one of the high voltage supplies operative under

any condition.
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PHASE IIb ACTIVITY

A, SUMMARY OF ACTIVITY

Phase ITb is defined as the second portion of the contract in
which four prototype sensors were manufactured, acceptance tested, and
delivered to NASA/LRC.

This phase began with the part procurement, fabrication, and test
of the optical, mechanical, and electronic components and assemblies. The
major effort in terms of lead time and coordination was the fabrication of
the welded modules which is described in the next section.

The actual assembly of the optical-mechanical section is quite
rapid. The major assembly time is in the wiring of the modules.

The alignment and calibration procedures require approximately
80 hours per unit. The alignment is complicated by the inert gas purge, which
is required. The calibration procedure requires linearization, zero and span
adjustment of the partial pressure channels, and set up of the difference
computation for the pN, output. This normally requires 40 hours to set up.

The alignment and calibration procedures are outlined later in this
section of the report.

B. WELDED MODULE FABRICATION

Welded module Pre-bid Meetings for prospective vendors were held
beginning December 15, 1966. Meetings were held with the following companies:

Spacecraft, Inc.
Huntsville, Alabama

Kerfott Products, Division of
General Precision Corporation
Clifton, New Jersey

United Aircraft Corporatién
Farmington, Connecticut

Wens, Incorporated
Hawthorne, California
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Electronic Packaging Industries
Anaheim, California

Electronic Specialty Company
Portland, Oregon

The Perkin-Elmer Corporation
Aerospace Systems
Pomona, California

The information supplied to each vendor consisted of nine
individual module schematics, a systems wiring diagram, a module space
layout, and the procurement specification, PE Spec 5289. Three of the
prospective vendors no-bid; the remaining six vendors offered responsive
quotations, which ranged in total sell price from $9,332 to $176,792.

Based on technical confidence and a cost proposal that was considered to be
realistic for the required effort, the module program was awarded to the
Perkin-Elmer Aerospace Systems directorate in Pomona, California.

The program plan was to layout all modules using matrix techniques
that were consistent with the module size and density restriction. Terminal
boards were 0.032 inch glass epoxy material. It was considered that standard
practices would be adhered to with regard to electrical component clearance,
matrix conductive spacing, piece part size, etc. However, recognizing the
potential requirement for compliance to NASA specifications, efforts were
made to use MSFC Standard 271 and NPC 200-4 as guides in the performance of
the work., The testing of these modules was assumed to be primarily through-
put; that is, checking input against output. The criteria for these tests
is described in Section III.

It was planned to test each module before and after encapsulation
with Stycast 1090. The first test was to verify performance to requirements
while it was still possible to correct possible errors or replace faulty parts.
The second test would verify that the modules perform as expected after
encapsulation. It was also considered that some analysis and engineering
review time would be extended by the fabrication facility to assure adequate
understanding of the circuit and operational requirements. This would insure
that package modules operated as expected from the breadboard test. This
engineering effort consisted of a preliminary engineering analysis of circuits,
critical grounds, impedance and signal levels, and special shielding for
isolation requirements. All modules were subjected to a preliminary analysis
by both electronic and mechanical packaging engineers to clearly identify
the unique requirements of each module. The analysis did precede the packaging
layout. It was recognized that a Design Review of the finished package layout
prior to release for fabrication best assured that the design criteria would
indeed be met or bettered. Both engineering and quality representatives
participated in the review activity. The analysis resulted in a set of
instructions to the designer that guided him in the placement of parts,
required density, design techniques, thermal conmsiderations, and critical
dimensions.
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The entire design consisted of seven distinct welded modules.

One module is used three times in a set for a total of ni
The program was controlled so the first module to be des

Prior to the installation of the design on the other modu

then became a model for the design of all other modules. A first arei

configuration inspection was performed after the first module of this type
was assembled and before subsequent modules o
assembly. The purpose of this inspection was

however improbable, prior to assembly of the majority of parts. Each module

assembly flow. These included
kitting, pre-welding, part placement, post-welding, and post-conformal coating.

The anticipated delivery schedule was delivery of all modules
between the period of July 6, 1967 and August 1, 1967. The lead circuit
designer visited the Aerospace facility on April 27 to dicuss, in detail,
the specific requirements of thig design, The pProcurement requisition for
the entire lot of 45 modules was issued May 1, 1967, Updated schematics

May 10, 1967. A request for an increa

received and granted on May 17, 1967. During the remainder of May, various
small changes were made to the drawings as clarifications and corrections
of typographical errors. On June 13, 1967, the Project Manager visited
Aerospace Systems to finalize the details of the fabrication,
determined at that time that Aerospace would encapsulate and shield the

modules, However, it was felt best to perform System tests prior to final
potting.,

The first of the preliminary test specifications were delivered
to Aerospace on June 13, 1967. BPetatl drawings were completed on Modules Al
and A2 on June 23, 1967. During the period from May 1 to June 23 the design

was initiated on all modules except one. Design was completed on two modules

» Material was ordered for
pment. Drafting and

On July 11, 1967, the first major batc
been x-rayed and were forwarded for assembly,
time that Module A9 required an increase in siz
parts were sent to Aerospace on July 12, 1967.

A6 were received on July 14, 1967. On July 14 it was determined that the
reéquested increase in size of Module A9 was not compatible with the overall
package and the only increase permitted was for an "L" shaped section to this
module. On July, 14, 1967,,a complete lot of JANTX2N2222A transistors was
rejected because of failure to pass the x-ray inspection. An entire lot had
to be reordered. On July 17, 1967 it was deteimined that the proposed

increase in size of Module A9 -was possible. On July 28, 1967 all module designs
except A9 were released ftom the engineering area, It was noted at that time
that a great deal of difficulty had been encountered during the Design and
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Drafting effort, which had resulted in unanticipated expenditures. The problem
was basically one of part and component packaging density, compounded by the
unusual modular configuration. Increases in cost were necessary due to the
unforeseen packaging complexity. The remainder of the activities during July
consisted of verification of specific part numbers and determination of
procurement status records. An additional 400 components were supplied on
August 1, 1967.

In order to reduce the anticipated overrun, the scope of the
Aerospace task was reduced. Various plans were formulated in early August to
reduce the overrun costs wherever possible. On August 16, all of the A2
modules were completed. Difficulty was being experienced in the other module
configurations due to shortages of specific parts. On August 22, a Langley
Research Center Quality Representative visited and inspected the first set of
welded A2 modules. Up to that period, design was complete on all modules,
drawings were released on three modules with the remainder in the final stages
of checking prior to release,

On August 23, the forecasted delivery date of the modules was the
end of October 1967. Difficulty was experienced on August 23 as Aerospace
was not sure of the condition of the potting mold. Additional delivery of
discrete components in small lots were made during August. Five of the A2
modules with test data were received in Norwalk on August 25, 1967.

By September 6, Aerospace had completed four units of Module Al and
had begun fabrication of Modules A3, A4, and A5. The decision was made that the
modules would be encapsulated in Wilton and that this task would be deleted from
the Aerospace scope of work, A request for the potting material and the molds
were made at that time. On September 7, it was estimated that the remainder
of the electronic components would be available by September 15. A detailed
investigation was made into the reason for the additional delay.

Detailed drawings for modules A6, A7, A8, and A9 were received on
September 12, 1967. Four of the Al modules were received on September 14, 1967.
On September 15, it was determined that the potting molds were not available
and that the potting material had not been secured. On September 18, the status
of the component procurements was summarized. At that time, 3,423 components
were required and all but 99 had been procured and received. On September 20,
1967, the Project Manager again visited Aerospace to discuss the delivery
problem. It was requested that Aerospace formulate and implement a maximum
effort production schedule. On September 22, a schedule for the completion
of all modules was 20 days after September 21.

The technical program report from Aerospace dated September 23, 1967
summarized the activity of the previous month., It was pointed out in this report
that considerable difficulty had been experienced in the design of the shield
for the A9 module. Approximately all of the engineering effort had been
completed for the program, and approximately half the manufacturing and test
efforts were completed. It was established on October 5, 1967 that all parts
needed to complete the fabrication of the modules were at Aerospace.
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On October 16, the first difficulties with modules were exp
These difficulties occurred during the test where the operation was not in

accordance with the anticipated performance.

0
3

Eight modules consisting of A6, A7, and A8 were received on October
24, 1967. On October 27, an additional seven modules were received. On
November 3, 1967, six modules were shipped, leaving the remainder of the back
order to be three modules of A9. These modules were subsequently shipped to
Wilton for troubleshooting and final assembly. All of the modules were
received by January 19, 1968.

On March 18, all the modules were completely checked out, repaired
as necessary, and interconnected into the system for final test. Three sets of
modules were encapsulated with Stycast 1090, while the fourth set of modules
remained unpotted to facilitate systems tests at a future date.

In summary, the program has shown that it required nine months
from the point of the receipt of an acceptable proposal until receipt of the
final finished four sets of welded modules. It required an additional three
months to troubleshoot and test, pot, and interconnect these modules into
the system. The lead time for the modules was over twice that which was
originally anticipated.

C, OPTICAL FABRICATION

The optical fabrication consisted of the grating, the primary mirror,
the silicon lenses, IR filters, and sapphire and calcium fluoride windows for
the UV sample cell.

No difficulty was experienced with the lenses, primary mirror or
filters. The grating was improperly sized and had to be re-done and the
sapphire windows were re-ordered due to low transmission of the initial lot.

The lenses and windows were bonded to the respective cells and
mounts using 3M Co. EC 2216 B/A adhesive.

The UV sample cell assembly is shown in figuré 43. The IR sample .
cell assembIly is shown in figure 36. .

The small calcium fluoride windows used in the UV sample cell were
cemented with a butt-seal “joint using PE Spec 5244, . They were examined under
a 20X microscope for a suitable seal and were backed up with an application
of 3M Company EC 2216 B/A adhesive., A final application after assembly of
General Electric Vacuum Leak Sealer while the system was under vacuum assured
a leak tight seal.

The first production.lamp with the longitudinal design was received
on August 1, 1967. This lamp was operated at 35 milliamps and 85 volts during the
exhaust cycle. It had an initial firing of 1700 volts. The lamp could be oper-
ated at up to 90 milliamps at 45 volts. During the processing of burn-in, a leak
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developed and the voltage gradually built up to 150 volts at 7 milliamps until
the lamp could no longer be fired. The problem with the leakage was that the
ceramic body was too porous and that air leaked in at the seal of the sapphire
window and the ceramic body. A delay was caused in the procurement of a replace-
ment lamp due to the difficulty in obtaining sufficient ceramic body material.
Unfortunately, when the ceramic body material was received, it was physically
oversized and unusable because of difficulties with the ceramic material. It
was not until September 1, 1967, that the first useful ultraviolet xenon lamp
was received from Electron Specialties. This lamp was designated as T42AlE by
the vendor. The principal difficulty was that the ceramic parts, which were
ordered on March 2, 1967, with a promised four-week delivery, were not received
in useful fashion until August 21, and even at that time, they had to be reworked
using ultrasonic sandblasting techniques in order to be useful for the design.
This lamp was filled to 30 torr with xenon and had a firing voltage of 1200 to
1400 volts. It was baked at 350°C for 14 hours. The background pressure before
the xenon filling was 5 x 1077 torr. The voltage dropped during burn-in at 30
milliamps to 67 volts.

Spectral runs of the first lamp demonstrated that ,the fill pressure
was not high enough to give a suitable ratio between the 1470A and the 1725 con-
tinuum. It was determined by an evaluation of the spectral distribution that the
fill pressure of 80 torr would be most suitable. In mid-September a second lamp
was filled to this pressure and tested on a Jarrell-Ash monochromator. The emis-
sion spectra for this lamp is shown in figure 50. After tests were performed on
the 80 torr lamp, it was determined that a slightly higher pressure would be re-
quired, and the final specification was set at 100 torr of xenon. The 80 torr
lamp was to be retained for life tests.

The four production lamps were delivered on October 12 and had firing
voltage characteristics of 1950 volts dc to 2100 volts dc, and the voltage drop
during operation was from 78 volts dc to 67 volts dc. These tubes were serial
numbered 225-2-3-4-5. The sapphire windows used for these lamps is shown as
Perkin-Elmer Part Number 631-1106.

The backup lamp previously described was purchased from the Doran
Product Inc., of Norwalk, Connecticut. This lamp was shown in Doran drawing
No. SK-DP-7-026. The lamp contained a 0.026-inch ID capillary with molybdenum
electrodes, 0.005 thick. These lamps are the end-on capillary type. In their
fabrication procedure, they were baked and pumped down to 2 by 10~7 torr at
450°C for 4 hours. They were then filled with 30 millimeters of xenon, tested
and then pumped down to 5 by 10-6 torr. The getters were then heated to a glow
at 8.5 amps for three minutes. The lamps were operated at 5 milliamps at 250
volts for 10 minutes, and then 10 milliamps at 250 volts with a voltage drop of
75 volts for 5 minutes. The lamps were then pumped out again and filled with 30
torr of xenon, cut off, and finally tested. The final fill pressure was 30 torr
of xenon. Six lamps of this series were delivered on March 28, 1967. It was
unfortunate that, in the firing of the getter, a number of the lamps had a de-
posit of the barium getter material directly in front of the capillary discharge
path. The barium getter material was removed from the lamp faces by heating the
lamps from 230 to 290 degrees F. The appearance of the lamps was good, and their
initial performance was excellent. However, over a period of a few weeks, all the
lamps gradually leaked air, discoloring the getter material, and destroying their
functional performance characteristics.
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OPTICAL CEMENTING EPOXY
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1.1 This specification describes an acceptable material and the preferred
procedure to be used when bonding glass.

2, REQUIREMENTS :

2.1 MATERIALS: The following materials are required for Bonding:

Material Part No, Manufacturer
Base 37-128 Wyndham Chemical Co.
Hardener 37-600 10640 S. Painter Ave,

Santa Fe Springs, Calif,
2.2 CONTAINER: Mix in Pyrex or plastic container

3. BONDING PROCEDURE;:

3.1.1 PREPARATION OF PARTS: All parts shall be handled with clean disposable
plastic gloves during and after preparation. Work is to be performed
under a clean hood.

3.1.2 Clean the surfaces to be cemented using methyl alcohol and a circular
motion starting from center of element and working outward.

3.1.3 Repeat above, using certified pure acetone.

3.1,4 After elements have been thoroughly cleaned, match surfaces to be
cemented for fit. (smoothness of surfaces, etc.).

3.2.1 PREPARATION OF MATERIALS: Before proceeding further, read and follow
the directions detailed in caution box.

: CAUTION
Both the base (37-128) and the hardener (37-600) contain toxic
and caustic components. Use rubber gloves and/or protective creams
when handling these products. Use goggles or a face shield and
avoid splashing.

Use only with adequate ventilation and avoid prolonged breathing

of vapors. Avoid contact with skin and eyes. 1In case of contact,
immediately flush with plenty of water; for eyes, get nrompt medical
attention; for skin, clean with soap and water or alconcl. Remove
contaminated clothing and shoes; wash thoroughly before reuse. Wash
hands before eating or smoliung.

V'l -
- oo -3 s ] 7 i " ',' o ’p;.,— y;,/,'{'_" [NV S I -~ e REV SH==T
< >, 'T’,.i.fi Jﬂ\-x/;l/ . L{/ e // P o =C
PREPARED BY APPROVED APPROVED AFPROVED 5244 e 103




E EEALTINLT i
CODE DENT. PERKIN-ELM i AT 3
405t‘° ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SFECIFICATION

3.2,

4.2

6.2

2 MIXING RATIO: (By Weight) Four (4) parts of basc (37-128) to one
(1) part of hardener (37-600),

3 The components must be mixed thoroughly to avoid straiae effects,

o

4 1If bubbles develop, these may be drawn out with a vacuum,

5 Maximum Pot Life is one hour. However, it is recommended that
any mix be not used for longer than 20 minutes.

APPLICATION:

Apply the prepared cement in drops to the concave element until
the cement covers the surface uniformly with a filin of .01 to .02
millimeters.

Bring the convex surface in contact with the cemeiy, usiug a light
circular movemert on the convex element to spread the film evenly
and to remove the air bubbles.

Use a fixture or other appropriate means to properly align the
elements and to maintain the alignment during curing.

CURING

This is an air-dry cement
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The cement reaches an initial set in two hours.

The éssembly should cure for 24 hours before further handling.
DISASSEMBLY:

Freshly cemented elements can be readily separated within the
first 24 hours.

For assemblies firmly cemented; Immerse cemented elements in
solvent, dimethyl formamide, and place in oven at 180°F to 200°F
for 24 hours, or longer depending upon size of elenent.
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7. REFERENCE INFORMATION:
7.1 Refractive index of cement: 1.517
7.2 There is no appreciable outgassing for space or vacuum applications.
7.3 No information is presently available on reaction of cement in
laser applications.
7.4 The cement apparently builds up no stress in the cemented elements.
Elements tested to date under a polariscope recorded no induced
strain, or no change in figure of the noncemented surfaces.
7.5 The cement has been temperature tested as folloys:
Hot Test + 180°F 12 Hours
Cold Test - 68°F 12 Hours
7.6 This cement is not suitable for use in the U.V, region.
7.7 Transmittance and absorbance tests have been run. There is no difference
between this cement and PECO SPEC 502 Cement (A.O. 805).
7.8 This cement is approved for use in place of PECO SPiC 502 Cement.
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Over a six month period during the fabrication cycle, the longitudinal
lamps have been used almost continually with no apparent degradation due to leak-
age. The lamps are quite noisy in operating as UV sources, and several of the
lamps have exhibited a dual mode of operation, operating at either 85 volts or at
105 volts. The noise spectra is not a problem with the present design but it does
limit the general usefulness of the lamp to other programs. The 105 volt opera-
ting point is significantly more noisy than the lower voltage point. There is
some visible flicker of the cathode discharge in the capillary, which can be ob-
served during operation of the lamp. It is felt that a smaller dimension capil-
lary would restrain the motion of the discharge and that a magnetic bias could
appropriately be applied to stabilize the position of the discharge in space.
Slightly more masking of the capillary would be desirable to eliminate a slight
flicker that can be observed in that area. Tests have been made with the Jarrell-
Ash monochromator that show no changes in the spectral distribution along the
length of the discharge. The future work required in the UV source area is the
design of a more quiet source with an absolutely stable spatial configuration of
its discharge.

D. MECHANICAL FABRICATION
1. Solderable Surface Specification

In an attempt to form a solderable surface for the hermetic cover to
base flange seal, a special process specification, PE Spec 5335 (attached) was
generated and implemented. The actual performance of the electroless nickel
plating was excellent and good results were obtained without difficulty. How-
ever, the problem caused by the large flanges and, hence, good thermal conduc-
tivity of the base prevented the use of the soldered seal. The redesign effort
to rework the flanges for use as a welded lip seal or soldered seal could not
be permitted during Phase IIb due to the pressures of schedule and costs.

2. Potting Molds

The electronic '"cordwood" assemblies were vacuum impregnated with
Emerson & Cuming Stycast 1090 SI, a two-part encapsulant, using metal dip mold
fixtures. After curing and stripping off the metal mold, the pouring face was
finished to the proper dimension by belt sanding. The potted modules were then
masked and sprayed with Eccocoat CC-2 conductive surface coating, forming an
aelectrostatic conductive shield.

The metal dip mold fixtures were made of 2024 Aluminum milled to
size and then buffed to a high luster polish. One dimension was made approxi-
mately one-half inch longer than the cordwood electronics to permit overfilling
of the potting material. These fixtures were dipped in a vessel of molten
metal and immediately removed. During this brief period of immersion a shell of
metal freezes to the pattarn. This shell is easily removed from the pattern
fixture and forms a perfact mold for the casting resin.

The molten matal used was CERROTRU, a trade name, melting at 281°F

which has the interesting property of expanding after it has solidified just
enough (0.0005 inch per inch) to allow for easy removal from the master fixture.
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PROCESS SPECIFICATION

ELECTROLESS NICKEL ON ALUMINUM

1.0 SCOPE

This specification overs one process for the pfeparation of
aluminum surfaces for the application of a thin electroless
nickel film by immersion. This film allows conventional sold-

ering techniques to be used with the aluminum.

2.0 PROCEDURE
The following procedure is applicable to aluminum alloys 43,

218, 319, 356, 380, 1100, and 6061 (T-55).

2.1 Preclean

2.1.1 Preclean to remove grease, o0il and buffering com-
pounds. Enthone, Inc. €mulsion Cleaner #75 full strength
at room temperature may be used. Immerse the aluminum
part for 10 to 60 seconds. A conventional vapor degreas-
ing 6r suitable solvent may be used. |
2.1.2 Rinse in a cold water spray.

2.2 Mild-Etch Soak Cleaning
2.2.1 Prepa;e a solution of the soak cleaner by mixing:
8 oz. of Enthone, Inc. "Enbond" #NS-35 powder to a gallon

of clean water. Mix in a stainless steel, fiberglass or

= : :
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plastic lined container.

CAUTION: THIS SOLUTION IS MIDLY ALKALINE CONTACT

OF THE SALTS OR SOLUTION WITH THE EYES OR SKIN IS TO
BE AVOIDED. IN CASE OF CONTACT, FLUSH SKIN OR EYES

WITH COPIOUS AMOUNTS OF COOL, CLEAN WATER. 1IN CASE

OF CONTACT WITH THE EYES, MEDICAL ATTENTIONS SHOULD

BE OBTAINED.

2.2.2 Heat and use the solution at 180°F +5°F.

2.2.3 Immerse the aluminum part for 30 seconds to 5

minutes. Remove after a mild etch has keen obtained.

2.2.4 Remove the aluminum part and cold water rinse. A

light s¥nut may have formed on the piece which is removed
in the subseqguent process.

Safely store and clearly identify the solution,

2.3 Acid Etch (Pickling and Activating Agent)

2.3.1 Prepare a mixture of the acid solution by mixing:

Nitric Acid, 369Be’ 2 volumes
Sulfuric Acid, 66°Be 1 volume
water ' 1 ?olﬁme
"Acetane 70" 1 1b/gal.

("Acetane 70" by Enthone, Inc.)

Mix in a polyethylene tank.

CAUTION: DO NOT BREATH THE VAPORS FROM THE ACETANE ]
CONTAINER DUE TO THE SLIGHT EVOLUTION OF HYDROFIUORIC
ACID GAS. i
— e . s o ot e et e oo - omsts 3 e+ memd
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USE ONLY IN A VENTED HOOD TO PROTECT THE OPERATOR,
DO NOT ALLOW THE SALTS OR SOLUTION TO COME IN CON-
TACT WITH THE SKIN OR EYES. IF CONTACT TS MADE,
FLUSH OFF PROMPTLY WITH COLD WATER AND APPLY SODIUM
BICARBONATE SOLUTION. IF CONTACT WITH THE EYES IS
MADE, FLUSH WITH PLENTY OF COLD WATER AND OBTAIN MED-
ICAL ATTENTION. WEAR RUBBER GLOVES. DO NOT ALLOW

THE SOLUTION TO GET UNDER THE FINGER NAILS.
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2.3.2 Immerse the aluminum part at a room temperature
for 15 to 30 seconds.

2.3.3 Remove the part and rinse in cold water.

2.3.4 bbiscard the solution-in accordance with laboratory
reconmended practice.
Electroplate

2.4.1 Prepare a mixture of the electroplating solution in
the following manner:

a)

Fill a tank with 1/5 gallon of water.

b) Slowly add Enthone, Inc. "Alumon D" salts to the

water with continuous agitation.

- — - A3 01

P

CAUTION: TOO RAPID ADDITION OF SALTS MAY CAUSE BOIL-
ING AND ERUPTION OF THE SOLUTION.

~rn B e
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Keep the temperature of the solution below the boil-
ing point.
c)

After the salts have dissolved, dilute to a total

volume of one gallon.
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CODE TDENT, ERKIN-ELMER oate: Y/ 2
46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN. ’“’,/ o f
SPECIFICATION
Alternate
a) Mix one part "Alumon D Liquid" by Enthone, Inc. to
4 parts water by volume and stir throughly. This
solution doesn't heat during mixing.
2.4.2 Use solution at 75°F. Immerse the aluminum part
for five seconds and remove. If a spongy zinc coating is
évident, use the alternate double dip method.
2.4.2.1 Double Dip Method
a) Immerse the aluminum part for 5 to 30 seconds.
b) Strip the zinc coating with a fresh ;itric acid bath.
c) Immerse the aluminum part in the "Alumon D" solution
of paragraph 2.4.2 for 5 seconds.
2.4.3 Rinse in cold water.
2.5 Electroless Nickel Plating
2.5.1 Prepare a mixture of the plating solution as
follows:
"Enplate NI-410A" 2 parts by volume
"Enplate NI-410B" 1l part by volume
Water (deionized) 13 parts by volume
Mix in a clean stainless steel, glassware, vitreous enam-
el or polyproplyene tank. The solution capacity is 75
to 100 inz/gal.
2. .
/"‘j\'/ P%3385:3EC RZEV 43::?5;
PREPARED BY APPROVED APPROVED APPROVED g
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CODE IDENT. PERKIN-ELMER DATE: %;7:,‘

ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

2.5.2 Heat to 190°Fi2°F useing a water bath around the
plating mixture tank.

2.5.3 Preheat the aluminum part to 190°F+5°F.

2.5.4 Immerse the aluminum part in the solution until
sufficient nickel build-up is accomplished. Use mild
agitation. Plating rate is 0.3 to 0.5 mils/hr. A thick-
ness of 0.0005" is sufficient for soldering on aluminum.
2.5.5 Remove from the plating solution. Cold water
rinse. Dry.

For plating on aluminum alloys 2011, 2024, 6061 and 7075
use the following procedure:

2.6.1 Same as 2.1.1 thru 2.2.4

2.6.2 Same as 2.3.1 thru 2.3.4 except limit the immer-
sion of 2.3.2 to 15 seconds.

2.6.3 Same as 2.4.1

2.6.4 Immerse for 30 seconds in the solution at room
temperature.

2.6.5 Same as 2.4.3 thru 2.5.5.

Summary of the physical properties of the electroless

nickel film{

Specific gravity 7.85
Melting point 1635°F (8350°C)
v
s’{‘y PE SPEC|[rav] sHzeT
| PrePARED BY | APPROVED APPROVE® APFPROVED 5335 50f6
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

Coefficient of thermal

expansion ' 7.22(107%) /°F
Adhesion to steel 30,000-60,000 psi
Hardness as plated 49 Rockwell C
Applicable spe¢ifications MIL-¢-26074A

4.0 The materials mentioned in this specification may be pur-

chased from the Enthone Corporation, West Haven, Connecti-

cut.

2

T
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terminal boards for the cordwood. The molds were sprayed with MS-122 Fluoro-
carbon release, the electronic cordwood was inserted into the mold, and the
molds then were sealed with TC-527 Mold Seal, baked at 100°F, and then vacuum

encapsulated.

After molding, the slush molds were cut to allow insertion of the

3. UV Absorption Cell

Following receipt of bids for the construction of the original de-
sign of the UV sample cell, it was decided to simplify the design in order to
reduce the anticipated high cost of the original design. The UV sample cell
design, therefore, is somewhat modified from the design proposed during the
design phase of this effort.

E. QUALITY CONTROL

The Quality Assurance Department has conducted the quality program
on this project generally in accordance with Perkin-Elmer Engineering Report
No. 8505, "Product Assurance Plan for the Two Gas Atmosphere Sensor,'" dated
August 30, 1966. The primary impact of the guality program has been during
the Phase IIb portion of the program. The quality assurance activity has been
concerned with the following areas during the program:

(1) Contract Review

(2) Design Review

(3) Control of Purchased Material

(4) Control of Perkin-Elmer operations
(5) Drawing and Change Control

{(6) Equipment calibration

(7) Control of nonconforming material
(8) Quality Engineering

Quality Assurance has continually reviewed the contract for the
definition of the functional requirement of the deliverable items and the
description of the special requirement imposed in the quality area. It was
the intent of this program to use major portions of NASA document NPC 200-2
as a guide in the development and operation of the Quality program,

Quality Assurance has participated in all design reviews. Designs
were examined to verify that the proposed sensor was compatible with the
contractual requirements and that considerations were given for future manned
space applications. After design reviews, Quality Assurance examined the
designs from an inspection viewpoint and performed tolerance studies on the
detail parts. Areas that were difficult to inspect were brought to the
attention of the project mmmager .and changed where possible, or special de-
tail inspection instructions were issued.

Quality Assurance has reviewed all Purchase Orders for compliance
in the following areas:
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(1) Assurance that the proper quality requirements are
imposed on vendors.

(2) Verification that the vendors were required to submit
adequate documentation, such as material analysis reports,
certifications, and test data, with each shipment,.

”~
(")
o

FoarmrTatdan Af hialddwr Aamimamans 4 ey -
20T 2500 O QUALATY 4assurlaiiCe€ inusSpeiiLlion LOL eacil

article. All parts used on the Two Gas Atmosphere
Sensor Program received 100 percent incoming inspection.

[ RPN T S R

(4) Assurance that procurement is made from Perkin-Elmer
approved sources, If a new source was developed for
the program, then a quality audit.was performed to
verify the vendor's acceptability to Perkin-Elmer's
Quality Department.

Assembly and fabrication operations were inspected at key points
during the manufacturing cycle. Quality Assurance Engineering has provided
special instruction for critical areas, as necessary. Inspection records
have been maintained for all inspection operations and remain on file at
Perkin-Elmer for customer review.

The Quality Assurance Department has reviewed the final acceptance
test plan and procedure and has contributed to the develcpment of the standard
procedures and test criteria specified in this document. Quality Assurance
will witness the final acceptance test and will verify the packaging and
deliverable documentation.

Quality Assurance has verified that the change control system
for the drawings has been properly implemented.

All test equipment, tools, gauges, and other equipment that
affected the quality of the end item, or was used to verify the gquality of
the hardware, was under the control of Perkin-Elmer's Calibration System.

Quality Assurance verified that all equipment was calibrated as specified.

All articles that required special finishes or treatment were
processed in Perkin-Elmer approved facilities. Process certifications were
requested and received from all such vendors before the items were released
from inspection.

Optical coatings were under the control of Perkin-Elmer Optical
Inspection Group. Transmission characteristics of representative test lines
were evaluated by Quality Assurance.

All material that was inspected and found to be nonconforming
to the specifications during Phase IIb was acted on in accordance with
Perkin-Elmer material review procedures.

Discrepancies to the drawings and specifications were reported
by inspection on nonconforming material notices and submitted to Quality
Assurance Engineering and Project Engineering for disposition. The consid-
eration of the disposition was in accordance with Perkin-Elmer standard
procedures or the items were returned to the vendor. Wherever nonconformances
could be reworked to the drawings, such rework was performed. Articles
awvaiting disposition were identified and were segregated from the acceptable
parts until a final agreemsnt with the project could be determined.
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Quality Assurance Engineering directed the entire Quality Assurance
effort on this program. This effort consisted of the following functions:

(1) Developing and implementing a detailed inspection
plan prior to the onset of Phase IIb. This was done
with the previously mentioned report (No. 8508).

(2) 1Issuing written inspection procedures where deemed
necessary.

(3) Serving as a quality assurance representative for
all material review action.

(4) Participating in design reviews

(5) Coordinating the activities of the various inspection
groups.

(6) Developing and maintaining suitable liaison between
Quality Assurance and the various internal and external
organizations within the company.

F. DEVELOPMENT TESTS

1. 02 Stability Tests
On December 5, 1967, an overnight stability test was performed on
the first production optical-mechanical assembly. The test used the complete
electronic breadboard for the readout. The test circuit was as shown in figure 51.

The change in p0, was 40mv in 16 hours, which corresponds to a
shift of 2mm Hg pOz over this 2peri{,od‘, ‘with no compensation for temperature or
barometric changes.

Saturated vapor was introduced with no detectable change in the
PO, reading. The sample gas was premixed 29.3 percent 02 in N,. A three hour
test with 9.6 percent 0, in N, showed no detectable change.

The oxygen span stability was tested during the period from
February 21 through February 25, 1968. A review of the data shows an upscale
drift of 0.34 to 0.38 percent per hour with 204mm Hg, pO, input. For a
smaller concentration of 181mm Hg p02, the drift was 0.30 percent per hour.
After introducing water vapor into the system, the drift was 0.4 percent per
hour for the first 24 hours and 0.34 percent per hour for the next 12 hours,

During the period from February 26 through February 27, a 228mm Hg
pO2 sample showed a 0.034 percent per hour drift over 17 hours. When nitrogen
was used as a sample for 12 hours, there was a downscale change equivalent to
0.034 percent per hour. This data supports the idea of an 0, induced absorptive
film discussed later in this report.

On February 28, 1968, tests were conducted to determine the built-in

test signal stability. The results showed a +0.8 percent maximum change in
50 hours,

The 0, span stability was tested on March 26 to show a 0.3 percent
per hour drift., On March 27, a similar test showed an oxygen drift rate of
0.2 percent per hour and 0.06 percent per hour for the CO, channel. This test
was repeated on March 29 to show 0.3 percent per hour for 0, and no change in
the CO2 channel over a 16 hour period.
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2, 02 and CO2 Stability Tests

Additional O, and CO2 channel stability tests were performed on
the second sensor from March 31, 1968 to April 11, 1568. The test arrangement
that was used is shown in figure 52, Premixed gas samples were used at a
sample flow of 100 cc/min and a total pressure of 7.0 psia. The optical sec-
tion was purged with prepurified nitrogen during the tests.

The change in the pO, channel output over a 50 hour period is
shown in figure 56. The theory that the formation of an absorptive film was
proportional to the 0, concentration and was removed with an N2 purge was
partially tested with the results shown in figure 57.

The change in pCO, channel output over a 50 hour period is shown
in figure 58.

G. ALIGNMENT PROCEDURE
1. IR Prealignment

Assemble the bolometer assembly, sample cell assembly with lenses,
and source-lens assembly on the IR subassembly baseplate (see figure 33). Con-
nect the bolometer to the bias supplies and preamplifier in Module Al, Modulate
the lamp with a 4.0 volt peak-to-peak, 15 Hz square wave. Rotate the lamp so
that the 1lit filament is close to the lens and is parallel to the face of the
lens. Adjust the position of the lamp relative to the lens and the relative
positions of the three subassemblies on the baseplate to maximize the amplitude
of the square wave at the output (pin 8) of Module Al., An amplitude of greater
than 300 millivolts peak-to-peak should be attainable. Tighten down the lamp
and all the subassemblies in the position that gives maximum output and put a
drop of No. 2216 structural adhesive on each bolt head.

2. UV Prealignment

Assemble all the UV optical components except the torquer and the
photomultiplier on the main baseplate. Adjust the upper slit so that it is
slightly above the centerline of the upper sample cell, and adjust the lower
slit so that it is slightly above the centerline of the lower sample cell.
Operate the UV lamp from the power supply in Modules A8 and A9, or preferably
from an external power supply.

Adjust the opposing screws on the grating bracket so that the visi-
ble primary image of the lamp falls just below the upper slit. The grating
should be very nearly vertical. Alternately rotate the lamp about its axis
and move the sample cell assembly and/or grating bracket toward or away from
each other until the brightest possible, sharply focused image is formed.

The image should be slightly wider than the slit, and should be
adjusted so that it overfills both sides of the slit by an equal amount. This
can be done by moving the lamp axially or by moving either the sample cell or
the minor bracket sideways.
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Rotate the face of the grating downward until the image is just
above the lower slit. The image will defocus slightly, but should still sym-
metrically overfill the slit slightly, If the image moves horizontally as
the grating is rotated, rotate the mirror bracket on the baseplate and move
the sample cell assembly horizontally until the image is properly centered
and does not move horizontally when it is moved vertically.

The focusing and centering adjustments interact and must be "juggled"
alternately until the image is sharply focused and properly centered over each
slit. '

When the proper alignment is achieved, tighten down the mounting
bolts for the primary mirrorbracket, sample cell assembly, upper slit clamps,
and the lamp holder,

Another alignment procedure that gives equally good or even better
results is performed as follows.

Place a high-intensity source of diffused light behind the sample
cell assembly, Rotate the grating so that the white light (primary) images of
the upper and lower slits alternately fall into the lamp capillary. The posi-
tions of the lamp, sample cell assembly, and primary mirror bracket are adjusted
until both images are sharply focused and properly centered on the face of the
lamp capillary.

3. Alignment of UV Channel, IR Channel, and Torquer
a. Mount the arm on the torquer in a horizontal position.

b. Bolt the IR channel assembly loosely to the main
baseplate,

c. Mount the torquer and arm and adjust it so that the UV
mask moves parallel to the face of the slit assembly
at a distance of about 0.030 inch.

d. Mount the photomultiplier and make the necessary elec-
trical connections to the photomultiplier, UV lamp,
bolometer, IR lamp, and torquer. Turn the sensor on
and monitor the IR signal waveform at pin 8 of Module Al.
Move the IR subassembly longitudinally and laterally to
maximize the height of the reference peak. If the maxi-
mum is less than 300 millivolts peak-to-peak with 4.0
vdc on the lamp, change the thickness of the bolometer
shim in 0.010 inch steps, and repeat the IR subassembly
positioning adjustments until a maximum greater than
300 millivolts peak-to-peak is obtained. Tighten the
IR subassembly down in this position.
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Set up a dual channel "scope" so that the IR signal
waveform can be observed simultaneously with either

the torquer drive waveform (pin 28 of Module A7) or

any one of the four timing signals TS1 through TS4,
Adjust R31 and R40 on Module A7 for the minimum torquer
drive voltage that will give a flat CO., peak on the IR
signal waveform during TS4 as shown in figure 8(c).
Adjust R32 and R4l to the center of the range of values
that gives a flat REF peak during TS1.

Open the oxygen slit width wide on the UV sample cell
assembly, and close the lower (water) slit width off
completely. Set the photomultiplier high voltage to
1200 volts. Rotate the grating so that the primary
image falls on the upper slits, Monitor the UV signal
waveform at pin 7 of Module A2 and rotate the grating
backward toward the face-up position until the waveform
is less than 1.0 volt peak-to-peak. Adjust the width

of the oxygen slit so that the heights of the oxygen

and REF peaks are equal to within *+10 percent. (NOTE:
The only ambient light allowable during UV monochromator
adjustments is dim red or amber incandescent illumination.)

Adjust R31, R40, R32, and R41 until the tops of the oxygen
and reference peaks are flat during TS4 and TS1, respec-
tively. (See figure 8(b).) Move the upper slit vertically
if it is impossible to get flat-topped peaks on the UV and
IR signal waveforms simultaneously by adjusting the four
resistors. The primary image should be repositioned each
time the slit is moved, Tighten the upper slit clamps

when the proper position is found.

If the "+10v" peak of the torquer drive waveform is not
between +7.0v and +9.5v at the end of this procedure, stop
the torquer, loosen the hub, reposition the arm on the
torquer shaft, and repeat the adjustment of the four re-
sistors, (NOTE: Nominal values should be used for R42

and R43 during the adjustment of R31, R32, R40, and R4l.)

Place the optical assembly in a box that can be very
thoroughly purged with dry N,, while allowing necessary
electrical connections to be made and providing for access
to the grating position, lower slit position, and slit
width adjustments, Leak-free gas connections to the UV
sample cell are also necessary.

Purge the box and the sample cell thoroughly with dry
nitrogen. Rotate the grating backwards. The height of
the UV signal waveform should drop off to zero, and then
pick up suddenly to several hundred millivolts when the
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grating is t ack about 15 degrees. This is the
1470A line. The waveform amplitude should rise, peak,
and drop to a lower value in less than two turns of the
grating adjustment screw. Readjust the reference slit
width until the two peaks are as nearly equal as can be
seen on the oscilloscope. '

Flush the sample cell with an O -N2 mixture calculated

to give about 30 percent absorp%ion in a 0.004 inch path
length at 1470A. "Rock” the grating back and forth across
the 1470A peak to find the point at which maximum absorp-
tion occurs.

The point of maximum absorption can be found more accur-
ately by temporarily disconnecting R32 from Module A5,

and looking for the maximum change in the voltage at pin 3
of Module A5 when the gas in the sample cell is changed
back and forth between dry N, and the dry OZ-N2 mixture,
It may be necessary to readjust the oxygen slit width dur-
ing the rocking procedure to keep the two UV signal peaks
equal. Lock the grating adjustment screws when the point
of maximum absorption is found.

Flush the sample cell with N , and adjust the lower slit
width until the height of thé water peak is equal to the
height of the oxygen peak. Adjust R33 and R42 to the
maximum value (minimum negative torquer drive voltage)
that will give a flat-topped water signal peak during TS2,.
Before finalizing the adjustments of R33 and R42, check
to see that there are no light "flashes" on the IR signal
waveform during TS2. Adjust the lower slit vertical posi-
tion to the point that gives equal changes in the heights
of the water and oxygen peaks when the sample cell flush
1s alternated between dry N, and dry 0y-N, mixture.

Adjust R34 and R43 to the center of the range of values
that does not give any light flashes during TS3 on either
the UV or IR signal waveform.

If the torquer drive amplifier "clips" or if the differ-
ence in the heights of the "10 volt" torquer drive peaks

is greater than 2 volts, stop the torquer, reposition the
arm on the shaft, and readjust the torquer angle resistors.

After rechecking all adjustments, put a drop of No. 2216
epoxy on all mounting and adjustment screws in the IR,

UV, and torquer assemblies. Fasten the slit width adjust-
ments securely with epoxy, being careful not to cover any
of the slits or to build up enough epoxy to interfere
with the torquer arm motion.




H,

n, This completes the alignment of the optical assembly.
The sample gas lines that interconnect the IR and UV
sample cells, the P, transducer, and the fittings on
the baseplate remain to be assembled. This must be
done with care to avoid disturbing the positions of
the UV sample cell and IR subassembly, The remainder
of the adjustments on the electronic modules are per-
formed after the optical compartment has been sealed.

The adjustment procedure for Modules A3 through A5 is
given in the following Section, IV H, Calibration

Procedure.

The adjustment procedure for Module A6 is given in Sec-
tions I1.B.5 and I11.B.6.

CALIBRATION PROCEDURE

The calibration procedure consists of selecting the proper linear-

ization, zero, and span resistors to permit adjustment within the range of the
trim potentiometers in the A3 (COZ)’ A4 (HZO)’ or A5 (02) modules,

The chopper waveform of the UV channel at terminal 7 or 8 of

Module A2 should be observed. The three peak heights should be approximately

equal with a 100 percent N, sample. Then observe the IR channel at terminal
2

8 of Module Al.

ing
the
the
the
for

Monitor the voltage of terminal 3 of A3, A4, or A5 Module, depend-
on the channel being calibrated. Connect a 10K to 100K ohm decade across
terminals for R32 of A3, A4, or A5 Module. Vary the partial pressure of
sample gas in steps, while varying the value of R32 at each step. Plot
data as V, versus PO, for the family of resistance values. Select R32
the most linear curve over the total range of partial pressure. A nominal

value for R32 for the 02 channel is 60K.

The total change in voltage at terminal 3 for the total change in

partial pressure is denoted as V.. The gain (G) of the signal processing
module must now be adjusted so tﬁat

Vl(G) = 5V

The gain is determined by

R45 + R46

¢ = =9 8K
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R45 is a 5K series trim potentiometer, so its value is used as
2.5K. R46 is then determined from

- S R46 + 2.5K
= v 9.85K

or

Ru6 = 22228 o sk
v

"A nominal value of R46 for the 02 channel is 30K.

Having selected the gain resistor, the next step is to set the
zero point of the calibration curve. The output voltage is related to the
circuit variables by:

V.= -GV, + (L +G) V 0.1

o 1 OFFSET

where VOFFSET is the buck-out voltage selected from a resistor divider made

up of R47, a 5K potentiometer, and a 12.1K resistor connected between the
+7v and -7v reference bias supplies.

V +GV, +0.1
0 1

OFFSET ™ 1+G

v

R47 may then be selected from:

- 14.6K

169K
R47 = v

OFFSET

The nominal value of R47 for the 02 channel is 15K ohm,
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CODE IDENT. PERKIN-ELLMER DATE:

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

10/2/67

3 SPECIFICATION

1.0 INTRODUCTION

1.1 Scope: This acceptance test plan and procedure defines the tests to be
conducted on each Perkin-Elmer Two Gas Atmosphere Sensor, Part Number
631-0113, prior to delivery to NASA Langley Research Center. The purpose
of these tests is to demonstrate the sensor system capability to perform
system performance criteria. Compliance with this specification is
sufficient to provide a valid measure of overall quality, and provide

assurance that the required quality is present in each end item.

1.2 Test Facilities and Equipment: Unless otherwise specified herein, the
Perkin-Elmer Corporation or their subcontractors shall be responsible for
providing the material, equipment, and facilities required for performing

tests in accordance with this document.

1.3 Applicable Documents: The following documents form a part of this test

plan and procedure to the extent specified herein:

NASA Documents

NASA Contract NAS1-6467, containing Statement of Work

L-5908-D dated June 20, 1966.

1.4 Classification of Tests: The tests specified herein are classified into

the following categories:

a. Class 1 - Nonoperating

b. Class 2 - Operating

PREPARED BY | APPROVED APPROVED APPROVED 5338 A 5 of 3%
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CODE IDENT. RPeiRKIN-ELLMEZR DATE: 10/2/67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

1.5

Technical Description of Sensor: The test specimen is designated as

i)
n
re
»
3
1
1
Pt
i3
o
4
"g

art number 631-0113, Two Gas Atmosphere Sensor. This
device is a combination of sensors based primarily on photometric
techniques to measure the partial pressures of gasﬁeoﬁs carbon dioxide
(COZ)’ oxygen (02), water vapor (HZO)’ nitrogen (NZ) and total pressure

(Pp)-

The CO2 measurement is made by the use of infrared absorption. The 02

and the H20 measurements are made by the use of ultraviolet absorption.
The N2 measurement is made by using the difference between the total

pressure and the sum of the partial pressures of 0_, H,0, and CO

2’ 2 2°

total pressure is measured by a potentiometric transducer which allows PT

The

to be provided as an output.

‘The sensor consists of two main compartments enclosed in an overall

envirommental cover. The electronics system, packaged in nine welded
modules are mounted on an inner hermetically sealed cover which contains
the optical components. Scaling of the amplifier and computer circuits
is performed at final alignment by the uge of trim resistors external

to the modules.

The design criteria for this system is summarized as follows:

Electrical

Power 28 VDC * 1/2 VDC, 5 Watts
Ripple 1/2 V,,
Impedance 50Q

FE SpPEC|Rav] stzar
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Co0E TDENT. PERKIN-ELMER DATE: 10/2/67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

Mechanical
3
Size 110 in
Weight 6-1/2 1b.

Analytical (All outputs O to 5 VDC)

PO2 Range 125 to 250 mmHg

P02 Accuracy +2% F

PHZO Range 0 to 30 mmHg

PH20 Accuracy +5% FS

PCO2 Range 0 to 20 mmHg

PCO2 Accuracy +27% FS

PT Range 100 to 400 mmHg, 760 mmHg
PT Accuracy *1% FS

PN2 Range 100 to 300 mmig

PN2 Accuracy +5% FS

Response Time

10 sec for 63% of step input

Life
3 year storage
120 day operation without calibration

1 year total operating life

Temperature

40°F to 90°F (operating)

PE SFPEC|[RaV

PREPARED BY | APPROVED APPROVED APPROVED 5338 AT




CODE IDENT.

PERKIN-ELMER

DATE:
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SPECIFICATION

2.0 CONDITION OF TEST

2.1 Test Facilities: The tests herein dcscribed shall be performed at
Perkin-Elmer or at facilities approved by Perkin-Elmer.

2.2 Test Equipment: The equipment used to perform the tests herein described
shall be approved by the Perkin-Elmer Program Manager prior to its use.
Detail designation, description and identifying number for each piece of
equipment shall be provided with the data record of each test on each unit.

2.3 Personnel: The tests herein specified shall be performed only by engineering
personnel designated by the Perkin-Elmer Project Manager.

2.4 Test Specimen: The tests specified herein shall be conducted on each fully
assembled Perkin-Elmer Two Gas Atmosphere Sensor. The specimen shall be

- identified by part name, part number, and serial number.

2.5 Position During Test: Unless otherwise specified in the specific test
procedure, the test specimen shall maintain its normal use attitude during
the test.

2.6 Test Sequence: The tests specified herein shall be conducted in the
following sequence:

a. Examination of Product

b. Weight

c. Volume

d. Leakage

e. Power Consumption

f. Calibration

- PE SP=EC|rav]| skzsT
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SFECIFICATION

2,7 First Article Tests:

are, as a minimum:

1. Electrical power ripple susceptibility

2, Output Impedance
3, Altitude

4, Attitude

PREPARED BY

APPROVED APPROVED APFPROVED

g

First Article Tests are those in which certain
basic performance parameters of the first unit are tested which are

not covered by the acceptance testing of subsequent units.

8
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

DATE:

10/2/67

SPECIFICATION

3.0 TEST PROGRAM ADMINISTRATION

3.1 Test Surveillance:

3.1.1 Test Notification:

prior to start of acceptance tests on each sensor.

3.1.2 Witnessing of Tests:

engineer who will be responsible for the manner in which the test is

All tests will be witnessed by a Perkin-Elmer

NASA/LRC shall be notified no later than 48 -hours

performed. The responsible engineer will be designated by the Perkin-

Elmer Program Manager.

The signature of the designated engineer and the

Program Manager shall constitute certification that the test data has bcen

correctly reported.

NASA-LRC but his signature is not required.

3.2 Deviations and Variations: Any deviations or variations from this

document shall be approved by the Perkin-Elmer Program Manager, and

3.3 Test Reports:

3.3.1 Failure Reports:

The tests may be witnessed by a rcpresentative of

In the event that any unusual difficulty or questionable

condition occurs it will be reported immediately to NASA/LRC. Recom-

mendations for corrections will be provided to NASA/LRC within 48 hours

after the difficulty is determined.

3.3.2 Final Test Report: A final test report shall be issued for each sensor.

The report shall contain the data herein required and shall be in the

form of this document when suitably completed.

PE SPEC |[ReV] sHz=T
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46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

CODE IDENT. PERKIN-ELV =i DATE:10/2/67

SPECIFICATION

requirements. This category includes workmanship, sensor weight,

volume and leakage.

finish and adequately soldered connections. The test specimen shal

free from cracks, dents and harmful scratches.

-

i

4.1.2

-3

eight: The purpose of this test is to determine the actual weight
of a fully assembled test specimen including gas fittings, but

excluding mating fittings and mating electrical connector,

4.1.2.1 Test Procedure:

a. Verify the null or zero setting of the scale.
b. Place the test Specimen on the scale.

€. Record the total weight and complete the following

4.0 TEST PROCEDURES
4.1 Class 1 - Nonoperating Tests: Class 1 tests are those in which oper
of the sensor is not required in order to assure its meeting

4.1.1 Examination of Product: The test specimen shall be visually examined

for satisfactory material, secured fastenings, cleanliness, exterior

1 be

table.
Weight lbs. oz.
Scale Accuracy t oz.
Scale Mfg,
Scale Part Number
Scale Seriél Number
Test Engineer Date
PZ SPEC[rav] srmat
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SPECIFICATION

4.1.3 Volume: The purpose of this test is to record the size and volume

of the test specimen,

4.1.3.1 Test Procedure:

a.

connector.
b. Record the data and compute the volume

length inches

width inches

depth inches

accuracy of measurement + inches
volume . inches

Test Engineér date

4.1.4 Leakage: The purpose of this test is to verify that the hermetic

seals of the inner cover and sample lines are sound.

4.1.4.1 Test Procedure:

Measure the length, width and depth of the test

specimen excluding flanges, fittings and the

a.

b'

Cap off one gas fitting.

Connect the mass spectrometer leak detector to

the remaining fitting.

Place the tesf'specimen in a plastic bag and purge

the bag with helium.

Measure and record the indicated leakage rate

after 5 minutes and again after 30 minutes.

PREFARED BY
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SPECIFICATION

4.2

4.2.1

4.2.1.1

Leakage rate (5 minutes)

Leakage rate (30 minutes)

Leak detector designation:

Identification number

Accuracy ,

Test Engineer Date

Class 2 - Operational Tests: The operational tests are performed to

demonstrate the system dynamic performance. 1Included in these tests

are power consumption, calibration, response time, temperature and

repeatability,

Power Consumption: The purpose of this test is to determine the

electrical power input required by the operating test specimen.

Test Procedure:

Apply power to the test specimen from a DC power

supply. Adjust the input voltage to 28 VDG.
pPply

Record the input voltage and input current within

30 seconds of turn-on time.

¢. Record the input voltage and input current after
5 minutes of continued operation.
d. Increase the input voltage to 28.5 VDC. Repeat
step (c).
e. Decrease the input voltage to 27.5 VDC. Repeat
step (c).
F)E SPEC REV| SHZET
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DATE:10/2/67

46555 ELECTRO-OPRPTICAL DIVISION, NORWALK, CONN.
SPECIFICATION
30 Sec Input Voltage (28VDC nominal) volts
30 Sec Input Current ma
5 Min. Input Voltage (28 VDC nominal) volts
5 Min. Input Current ma
28.5 (nominal) voltage volts
current ma
27.5 (nominal) voltage volts
current ma
Voltmeter designation
Identification number
Accuracy
Milliammeter Designation
Identification number
Accuracy
Power Supply Designation
Identification number
Test Engineer Date
4.2.2 Calibration: The purpose of this test is to obtain calibration
curves for reference during subsequent NASA testing and evaluatioca.
F}E S;DEC K&V SHEZET
PREPARED BY | APPROVED APPROVED APPROVED 5338 A |14 of 35
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COBE DENT. PERKIN-ELMER

DATE:
46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN. 10/2/67

SPECIFICATION

4.2.2.1 Test Setup:

The test specimen shall be connected as shown in Figure

The ambient temperature during this test shall be 70° % 10°F.

4$.2.2.2 Test Procedure, Total Pressure and PN2 Calibration:

a. Apply power to the test specimen. Adjust the
input power to 28.0 VDC £ 0.3 VDC.

b. Apply 100 percent N, to the test specimen.

2
c. Adjust the test specimen sample pressure to 7.0 PSIA
(362 mmHg) at a flow rate of 200 cc/min.

d. Start the recorder and identify the PO

,» PHy0, PN,,
P002 and PT channels. Identify the serial number of

the test specimen. Record the date, operator and

test conditions.

e. Reduce the total pressure at 5 minute intervals to the
nominal values of 6.0 psia (310 mmHg), 5.0 psia (258 mmHg),
4.0 psia (206 mmHg), 3.0 psia (155 mnHg),
2.0 psia (103 mmHg).

Record the actual gauge readings.

Nominal Measured PT Channel PNZ Channel
P P Output Output

T T Voltage Voltage

362 mmHg ——

-310 e

258 .

206 -

155

103

f£. Record any unusual characteristics:
PE S==C[rav] snser
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CODE IDENT. PEMKINFELNEE DATE:10/2/67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, COMMN.

SPECIFICATION

Test Engineer Date

4.2.2.3 Test Procedure PCO2 Calibration:

a. Repeat step 4.2.2.2 (a)/(b),(c)‘(d).

b. Shut off the recorder, disconnect the N2 supply, and
connect a nominal 1.4% (vol.) CO, in N, mixture supply
to the test set-up. Purge the test specimen sample
lines. Adjust the total pressure to.7.0 psia (362 mnHg)
at 200 CC/min flow rate. Turn on the recorder and record

for five minutes or until the output is stabilized.

c. Repeat step 4.2;2.3 (b) using a nominal 2.8% CO2

in N2 mixture.

d. Repeat step 4.2.2.3 (b) using a nominal 4.2% C02 in
N2 mixture.
e. Repeat step 4.2.2.,3 (b) using a nominal 5.2% CO2 in

N, mixture.

2
f. Repeat steps 4.2.2.2 (b), (c), (d).

Nominal Actual PCO2 PCO2 Channel
CO2 Mixture CO2 Mixture mmHg Output
Voltage
1.47 _ -
2.8%
4.2%
5.2%

g. Record any unusual characteristics:

Test Engineer Date

PE SPEC|REy] siier |
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46555
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FPERKIN-ELMER

ELECTRO-OPTICAL DIVISION NORWALK, COmY.

10/?/67

DATE:

SPECIFICATION

Test Procedure, PO

Calibration:

2

Repeat step 4.2.2.2 (a), (b), (c), (d).

Shut off the recorder, disconnect the N, supply, and

2

5 in N2 mixture supply to

Purge the test specimen sample lines.

connect a nominal 28% (vol.) O
the test set-up.
Adjust the total pressure to 7.0 psia (362 mmHg) at 200
cc/min flow rate. Turn on the recorder and record for

five minutes or until the output is stabilized.

in N

Repeat step 4.2.2.4 (b) using a nominal 36% O2 2

mixture.

Repeat step 4.2.2.4 (b) using a nominal 42% O, in N

mixture,
Repeat step 4.2.2.4 (b) using a nominal 48% O, in N
mixture.

Repeat step 4.2.2.4 (b) using a nominal 55% 0, in N

200

2 2
mixture.
Repeat step 4.2.2.4 (b) using a nominal 647 02 in Nz
mixture
Repeat step 4.2.2.4 (b) using a nominal 71% O2 in N,
mixture.
Repeat steps 4.2.2.2 (b), (c), (d).
Nominal Actual POZ' PO, Channel
0, Mixture 0, Mixture rmHg Output
Voltage
28% B
360/0 . e m— o - e . - v - = O — — ot . s w———— s —————
427, L
487 e I
55%
647,
1y : e
TR SRR [
. : - it g 5333 18 of -
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SPECIFICATION
j. Record any unusual characteristics:
Test Engineer Date
4.2.2.5 Test Procedure, PHZO Calibration:
a. Repeat . step 4.2.2.2 (a).
b. Connect the water bath test set-up shown in figure 1.
c. Adjust the test specimen sample pressure to 7.0 PSIA
(362 mmHg) at a flow of 100 cc/min.
d. Agitate the water bath to maintain constant temperature.
Add cold water or ice to the bath to maintain the internal
water temperature to a nominal 35°F. Record the temperature.
e. Repeat step 4.2.2.2 (d).
f. Record for 5 minutes.
g. Turn off the recorder.
h. Increase the temperature of the water bath to S50°F.
Record the temperature.
i. Repeat steps (e), (f), (g).
j. 1Increase the temperature of the water bath to 65°F.
Record the temperature.
k. Repeat steps (e), (f), (g).
1. 1Increase the temperature of the water bath to room
temperature (77°F nominally). Record the temperature.
Disconnect the water bath, .
m. Repeat steps 4.2.2.2 (b), (c). Flush with nitrogen for
15 minutes s
PE Soao|ravl chzie
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PERKIN-ELMER

R

DATE:10/2/67

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN,
SPECIFICATION o
n. Turn off the recorder. Disconnect the input power.
Remove the test sample lines. Cap off the gas fittings.
Cap off the power connector.
Nominal Actual Vapor PHZO Channel
Water Bath Water Bath Pressure
Output Volts
Temperature Temperature mmHg
35°F ; e —
50°F o o
65°F .
71°F
Zero e
o. Record any unusual characteristic:
Test Engineer Date
pE S"Z:)EC nNEV | SHEET
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TABLE 1,

Gasses pOy

in

PCO,

in

Pressure Gauge

Flow Meter

|11

- - o et

TEST EQUIPMENI (See Figure 1)

Certified Accuracy

[ —

e

Designation

Identification Number

Accuracy

Range

Last Calibration Date

Next Required Calibration Date

Designation

Model Number

Identification Number

PREPARED BY APPROVED

- B Y ST

Accuracy
Range .
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ELECTRO OPTICAL DIVISION, NORWALK, CONN.

DATE: 2/15/68

SPECIFICATION

TABLE 1,

FV xS

Flow Meter (cont,)

Recorder

Voltmeters

Power Supply

TEST EQUIPMENT (See Figure 1)
Last Calibration Date
Mext Required Calibration Date

Designation

Model Number

Identification Number

Accuracy

Range

Last Calibration Date

Next Required Calibration Date

Designation

Model Number

Identification

Accuracy

Range

Last Calibration Date

Next Required Calibration Date

Designation

Model Number

Identification

Last Calibration Date

Next Required Calibration Date

204

Test Engineer Date
PE SpEC|[rRev] sHesT
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CODE IDENT.

PERKIN-ELMER

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.
: SPECIFICATION
4,2.3 Response Time: The purpose of this test is to determine the time

required by the specimen to reach 90% of a step value of

partial pressure change.

an input

4,2,3.1 Test‘Seiup: The test specimen shall be connected up using the same

arf&ﬁj&ﬁéﬁf as described under Section 4.2.2, Calibration.

4,2,3.2 Test Procedure, Response Time:

a.

€.

..8.

‘Applj power to the test specimen; adjust the input
power to 28;0 vde + 0.3 vde.

Apbly 100 percent N, to the test specimen,

Adjust the test specimen sample pressure to 7,0
psia (362 mmHg) and flow rate of 200 cc/min.

Shut off the N, supply and connect the nominal 5.2%

' COzin Y, mixture supply, adjusting the total pressure

to 7.0 psia (362 mmHg) at 200 cc/min flow rate.
Disconnect the mixed sample gas line and reconnect

the N, purge line,

Start the recorder and set chart spped to one foot per
minute or faster., Identify the POz, PH20, pN,, pCOy,
and Py channels, Reéord the date, opératof and.test
conditions,

Disconnect the N, purge line and quickly reconnect the

.- -

€O, "in Np litve simultaneéuél§ ﬁarking a start line on

the chart recorder,

PREPARED BY APPROVED APFROVED APPROVED

38 » A
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CODE IDENT.

46555 u!c':osoﬁct(u low;;EN, %BMALEKENN. DATE:2/16/ 58
SPECIFICATION

4,2,3.3 Repeat Sec

Note the rise in output signal. Continue chart recorder
record until the output signal has stabilized. Record
from the chart record the time required to reach 907

of the final value of the step input and also the final

value of the step input,

tion 4.2.3.2, parts (b) through (h) using the nominal

711102 in N, gas mixture and then gain using the N, water bath of

77°t'£br.the pH20 step input,

RUN #1 TIME TO
. ACTUAL FINAL RISE 907
STEP INPUT GAS ACTUAL PARTIAL VOLTAGE FINAL VOLT,
NOMINAL MIXTURE PRESSURE VALUE VALUE
5.2% CO; in Ny el ——— ——— ————
717% 0, in N, —-——- ——— ———— -——-
-
77°F HZO in N, ———— ———— ———— —m——-
RUN #2 ——-- ————
-, ————
RUN #3 —we- ————
Record any unusual characteristics:
Test Engineer Date
PE SPEC/|R&V| sHeeT
PREPARED BY APPROVED APPROVED APPROVED 5338 A 30 of 3]
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CODE IDENT.

FERKIN-ELMER

¥ TE: .,
48555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN. DATE: 2/ 16/68
SPECIFICATION
4,2.4 Temperature Effects: The purpose of the test is to determine the

change in output signal, if any, of the specimen when subjected

to a temperature environment of 40°F to 90°F.

4,2,4,1 Test Setup: The test specimen shall be connected using the same

arrangement as described under Section 4.2.3, except the input and

output gas lines and the connector cable shall be attached to the

specimen which is located in the thermostatically controlled tem-

pexature chamber,

4,2,4,2 Test Procedure, Test Effects:

a.

Apply power to the test specimen; adjust the input

power to 28.0 vdc * 0,3 vdc,

b. Apply 100 percent Ny to the test specimen,
c¢. Adjust the test specimen sample pressure to 7.0 psia
(326 mm) and flow rate of 200 cc/min,
d. Record all output signal voltages at room temperature,
using a short run of the chart recorder, Record actual
room temperature,
e. Decrease chamber temperature to 40°F, recording the
output signals and noting the temperature of the cham-
ber on the chart record.
£f. .Inérease chamber temperature ﬁo 90°F recording the
dat{ as in Step (e). |
8. Return specimen to room temperature and when stabiliz-
ed, record output signals,
PE SBEC|=REV| sHEST
PRFPARED BY APPROVED APPROVED APPROVED 5338 A Rl af 33
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CODE IDENT. PERKIN-ELMER DATE:2/16/68

46555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

SPECIFICATION

h., Disconnect N purge gas and connect sample gas consist-
ing of a nominal mix of 10% O; and 1,0% COp in Nz.. ke-
cord actual mixture, Adjust test specimen sample pres-
sure to 7.0 psia (362 mmHg) and flow rate of 200 cc/min,

1. Repeat Steps *(d) through (g).

NITROGEN PURGE RUN
ACTUAL TOTAL

SET TEMP. TEMP PRESSURE ~ pCO, PO, pH,0 PN,

Room ) - - ano - - - - - oo - -

40°F ‘ ---- - o on - - s o a - o o - o o - - - -
70°F ——-- ———- ——-- --- ——-- -—-

Room - o om o - - - - on = -t - - -

SAMPLE MIXTURE RUN

Room - o ua - [y - o - oo - - - o=
40°F ———- ——-- -—-- --- --- ——-
70°F ———— ———— - ——- com- -——

Room - e - e - - oo - - - - - -

TEMPERATURE OVEN Designation

-2l “Model Number - - - ----

Identification Number

Accuracy

Range

Last Calibration Date

Next Required.Calibration Date

PE SPEC REV | SHEET

PREPARED RBY APPROVED APPROVED APPROVED 5338 A 32 of 3.'!
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x 43:555 ELECTRO-OPTICAL DIVISION, NORWALK, CONN.

W PERKIN-ELMVIER  oare.2/16/e8

SPECIFICATION

Record any unusual characteristics:

Test Engineer - Date

4,2,5 Regeaf#bilitx: The repeatability of the specimen can be determined
from the data required in Section 4,2,3, Response Time, and also
. from tﬁe-ﬂata écquired in Section 4,2,2, Calibration, Compgie thé
&ata and examine the accuracy of the identical tests run on the

sample at various times,

SHEET

PREPARED BY APPROVED APPROVED APPROVED 5338 A

33 of 32
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J. DRAWINGS AND SPECIFICATIONS

Copies of all drawings and specifications were sent to NASA/IRC
several times during the program. This section contains the family tree
(figure 59) and parts list which specify the equipment.

Figures showing the schematic diagram for each module, an

interconnecting diagram, the optical-mechanical assembly, and the final
assembly drawing are included for reference (figures 60 through 69).

216




o2i10-1t2

YOSNIS SVO OML
WL AWAVS

WEWIE-NDAIRY FOR]
vuin - | .
{1l
963-RY [+ 74}
G931-89 92
A . £42-K9
360 wie-ve

108035 SPH OML - 991

w2 )
192t €9

e-1te

gs2-K9] 0S21-K9

nene - ‘Em
F110-169

‘66 @an31d

€101ty

an Kejrell K9

FSEN-ENR L)
A) FLENS CTIED
o110~ 1%

e <

Apgv-mas
A IO CTIND
i110-169

919£-00919.:92-00%

s
[1&4) P
or21¢9] 602142

OGM.OQw see!
%l v2el ’
82 122!
22159 SO2H9
v
- sasae I
oate-15e

"o K9
v K9
THO AN &
- SVEEIOY SIS
Lailaid
801 92
%0 _ nz;
Lo 222!
wKergy 09
L d
‘u1 ‘A ‘T —
yo10-180
oI 203 S0
L viZ!
22l | £ 921
R0l un 9L - |08 |
2y N2 9ras-009] BIZHED
v - Soue U1 MWTY v WEN
L] mie- 1

217

2021
90t-1¢9

ot
6221 1 9Ll ”
L2189 W2 9

onte-168

LY W YO ORL
€110-169

21009 ¥l 512

(9109 $92 10t

22 2924 » 02

122 st 2J2

we »e2! 0J2!

3 €2 9011

E x4 1§82t »)

$u21-K9 OL1-1E9 £H00-189
1606
m _.08 6310

390

€921 wowo
892! ‘ 10UC
€21 (900"
192 | 6000
ob2t $000
8¢2l £000
4821 2000
5¢ 2o 1000+

€0




REV.

PART NO.

CC: 1BM, QC, WORK, STORES, FILE PART NO. 631-0001 REYVY
PERKIN-ELMER | O I s L
E-O DIVISION
MANUFACTURING DEPT. QTY.REQ.

BILL OF MATERIALS & RELEASE SHEET [ ™

PART NAME Module Ay Ir. Preamp.

SHEET 1 OF 2 ISSUED BY DATE

NEXT ASSEMBLY

Rev] wo | ParRT nNUmBER PART NAME sov 1112 [3lals 16]7 ] 8l o | ee. [ oior | cooe

631-001 Module Ay Tr. Preamp 1 (X
USB770931X ircuit A709) 24 1
C5R13B566KM Capacitor 56uf 10%GV 3 2
C5R13F685KM A 6.8uf 10% 35V 7 4
C5R13J275KM 2.7uf 10% 100V 2 2
CKRO6CW104KM .1luf 10% 100V 38 3
CKRO5CW220KM 22pf 10% 200V 2 2
CKRO5CW102KM 1000pf 10% 200V 5 1
C5R13D686KM 68uf 107 15V 1 !
CER13D226KH 22uf 107 15V 1| o1
CKRO6CW472KM 4700pf 10% 200v__ | 23 | |1
CKRO5CW221KM 220pf 10% 200V 22 1
CSR13G1l05KM Capacitor 1.£ 10% 50v 6 1
600-4521-002 | Diode (1N914B) 43 8
2N2973 Transistor 10 T 1
600-4762-002 i\ (2N2605) 7 L 12
2N3821 - 2 1
JAN2N930 Transistor 1
RCO5GF472J Resistor 4,7k 5% 1/8w 17 2
RCO5GF105J " 1meg N T 9 | 117
RCO5GF124J 120K 3 |3
RCO5GF272J 2.7K | 3 !
RCOSGF150.7 15 S 1 L1
RCO5GF102J 1K 17 2
RCO5GF474J 470K | 7 1
RCO5GF223J X 22k 4, . 17 1
RCOS5GF393S Resistor % 1igw 8 2
218 TOTAL 1

FORM 2-0277-00




~ PART NO.

"REV.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-001 REV
PERKIN-ELMER [— Tor 3ERT | 8588 | VIR seTur ST ie] Bate | BatE
E-O DIVISION ,
MANUFACTURING DEPT. | aTv.rEea.
BILL OF MATERIALS & RELEASE SHEET [ qrv. mer.
PART NAME Module:A; Ir. Preamp.
SHEET 2 OF 2 1SSUED BY DATE
NEXT ASSEMBLY
uv.'::.m PART NUMBER PART NAMé SuM 1l2 3' 4 5' 8 3::.' ?s::_' ‘:To‘ c ODE
RCO5GF104. Resistor 100K 5% 1/8w 16 1]
RCOS5GF274J / 270K ) 6 1
RCOSGF152J 1.5K 42 1
RCO5GF331J 3301“' 21 1
RCOS5GF473J 47K 3 2
. y YV
RCO5GF563J Resistor 56K 5% 1/8w 4 1
. TOTAL
FORM 2-0277-00 I3




REV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO.631-002 REY
PERKIN-ELMER o 2juA7 | e85t v ]serr ST DA | aat
€-0 DIVISION
MANUFACTURING DEPT. | a7v.wnea.
BILL OF MATERIALS & RELEASE SHEET [ vy neo.
PART NAME Az - T 7 prpmp )
SHEET. 1 OF 1 ISSUED BY L.E.w. DATE
NEXT ASSEMBLY
uv.‘:iM PART NUMBER PART NAME SUM 1 3 14is5l6 8 ‘i;,"_' ,Qs:: C;TOY' CcoDE
631-0002 A2 - UV Preamp ‘
U5B770931X Micro Circuot 4 A709 1
7
CSR13G105KM CgEgcitor (1.Q4Af 10% 50V) 2
CSRL3F685KM / (6.8 uf 10% 35V) 2
CKRO5CW150KM (15pf 10% 200V) 1
CKRO5CW221KM (220pf 10% 200V) 1
CKRO6CW472KM ) (4700pf 10% 200V) 1
CKROGCWI04KM | Capacitor (.1 uf 107 100V) 1
2N3821 - Transistor 1
RCO5GF105J Resistor (1.0M 5% 1/8w) 2
RCO5GF101J N (100/+5% 1/8w) 1 1
RCO5GF392J (3.9K 5% 1/8w) 1 1
RCO5GF104J (100K 5% 1/8w) 1
RCOS5GF274J (270K 5% 1/8w) 1
RCOS5GF683J (68K 57 1/8w) 4 1
RCO5GF152J N (1.5K 5% 1/8w) . 1
RCO5GF684.J Resistor (680K 5% 1/8w) 3 1
RCOSGE331T Resistor (330.0.57 1/8w) 1
220 TOTAL




CC: IBM, QC, WORK, STORES, FILE

PART NO.631-003

PERKIN-ELMER

E-O DIVISION
MANUFACTURING DEPT.

BILL OF MATERIALS & RELEASE SHEET

sPQ

PE
€Q

R.

3 WO

LoOT

QTY.REQ.

QTY. REL.

REV.

PART NO.

FORM 2-0277-00

RCO5GF472J Remaistor

PART NAME  Module A3 Signal Processing
5HEET 1 oOF 2 iSSUED BY OATE
NEXT ASSEMBLY
REV. 'IOE_M PART NUMBER PART NAME SUM
631-003 Module A3 Signal Processing
U5B770931X Microcircuit
C5R13E476KM Capacitor 47,4 £ 10% 20V 6 2
CKRO5CW471RM ‘ 4700 ) 200v 4 1
CKRO5CW221KM 220pf 200V 5
CKROS5CW271KM 270pf 200V 3 1
CKRO6CW104KM 1uf | 100v 5
C5R13C107KM _100pf 10v 7 2
C5R13C336KM 33uf 10V 6 2
CKRO6CW472KM. 4700pf 200V 4
C5R13G105KM 1y f 50V 1
C5R13D226KM 22 ,f L 15v 2
CKROSCW102KM | Capacitor 1000pf 10% 200V 1
600-4521-002 Diode 1N914B
JAN(TX)IN752A | Diode, Zener 13
JAN(TX)2N2222A| Transistor 24
2N2945 Transistor 14
2N2973 Transistor
RCO5GF222J Resistor 2.2K 5% %48w 1
RCOSGF153] N 15 9 2
RCO5GF271J 270 3 1
RCO5GF223J 22K 3
RCO5GF4743 470K 2
RCO5GF152J 1.5K 8
RCO5GF183J 18K 7 1
RCO5GF102J 1K 3
RCO5GF224J 220K |, ¢ 20 4
4.7K 5% 1/8w ' 3

R E W0004,0005)

STD.HRS!SET

N
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REV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0003 REV
PERKIN-ELMER ::o : — 3o [ o5sE: [ serue S e] B | AN
E-O DIVISION
. MANUFACTURING DEPT. | aTv.rea.
BILL OF MATERIALS & RELEASE SHEET | . .
| PART NAME Module A3 Signal Processing
SHEET 2 oF 2 1SSUED BY DATE
*VNEXT ASSEMBLY N
REV. :fM PART NUMBER PART NAME SUM 112131 41516 8 3;:.' ?s;; ?,TOY CODE
3 X
RCO5GF393J Res}\stor 39K 5% 1/8w 2
RCO5GF331J 3305% 1/8w 4
RCO5GF104J 100K 5% 1/8w 2
RCO5GF274J 270K 5% 1/8w 1
RN55C1003F 100K 1% 1/10w 4 1
3250W501-502 .VAe 5K 5% 1/2w 14 2
RN55C~--~-F Resfstor  =-- 1% 1/10w 9 3
RN55C8251F Resistor 8.25K 1% 1/10w 3 1
RN55C3571F Resistor - 3.57K 1% 1/10w 3 1
RN55C1212F Resistor 12.1K 1% 1/10w 3 1
GB33P-2 Resistor, Thermal "2.96K 3 1
222 TOTAL

FORM 2-0277-00



REV.

PART NO..

CC: IBM, QC, WORK, STORES, FILE

PART NO.631-006

PERKIN-ELMER

£-0 DIVISION

MANUFACTURIN

BILL OF MATERIALS & RELEASE SHEET [ o1y ey,

spo 27442 QEER.

S$TD. HR
JUNIT

SET-UP

WG LOT

G DEPT. QTY.REQ.

PART NamE A6 Module
sueer 31 ofF 2 1SSUED BY DATE
NEXT ASSEMBLY
n;v.'.,r,f_M PART NUMBER PART NAME suMm 11213 [ 41516 8 3::: ?s;; 3.1: cooe
631-006 A6 Module 1k
U5B770931X Microcircuit g‘¢A709) 4
C5R13D226KM ga%acit:ot (22uf 10% 15V) 2
C5R13D335KM ' (3.3uf 10% 15V) 2
CKRO6CW472RM (4700pf 10% 200V) 4
CKRO5CW221KM ¥ (220pf 107 200V) 4
CKRO6CW104KM Capacitor (.1uf 10% 100V) 14
600-4534~001 Diode, Zener (FCT 1125) 2 2
600-4521-002 Diode, (1N 914B) 6
AN 1 2 Diode Zener 4
JAN 2N930 Transistor 1
JAN2N2905A Transistor 1 1
2N2973 T gk)
JAN2N2907A 6 i3
JAN(TX)2N2219 | Trahaistor 1
JAN(TX)2N2222A| Transistor 1
RN55C-=--F Re%éétor (Nom. Val. 47.5K 1% 1/10w) 1 1 .
RN55C==~F (Nom. Val 3.32K 1% 1/11w)| 2 1
RN55C1002F (10K 1% 1/10w) 1 1
RNS5C3402F (34K 1% 1/10w) 2 2
RCOSGFE81LI (680 5% 1/8w) 2 2
RCO5GF332J (3.3K 5% 1/8w) 2 1
RCO5GF103.J (10K 5% 1/8w) 2 1
RN55C1001F (1K 1% 1/10w) 2 2
RN55C4702F (47K 1% 1/10w) 2 2
RCO5GF152J (1.5K 5% 1/8w) 4
RCO5GF223J (22K 5% 1/8w) 4
3250W-501-502 | ResYstor _ Var (5K 5% 1/2w) 4
TOTAL

FORM 2-0277-00
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REYV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0006 REV
PERKIN-ELMER ::o 27442 — e [ oss: G seroe Lorsro| BATE | DAYE
E-O DIVISION _
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET QTY. REL.
PART NAME A6 mdule ) _
“SHEET 2  ©oF 2 1ISSUED BY DATE
VN-ExﬁT ASSEMBLY .
nzv.':f_M PART NUMBER PART NAME SUM 1{21314i516 1718 ‘:::.' ?,:;_' g:rot" cCoDE
1[X
RN55C2492F Reiistor (24.9K 1% 1/10w) 1 1
RN55C-=---F (301K 1% 1/10w) 1 1
RN55C-~--F (200K 1% 1/10w) _1 1
RN55C3012F (30.1K 1% 1/10w) 1 1
RCO5GF104J (100K 5% 1/8w) 4
RCO5GF102J (1K 5% 1/8w) 4
'RCO5GF224.J (220K 5% 1/8w) 5
RN55C----- F - (14.7K 1% 1/10w) 1 1
RN35C--=-~- F Resistor (38.3K 1% 1/10w) 1 1
_RN55C3901F (3.9K 1% 1/10w) 1 1
RN55C2002F (20K 1% 1/10w) 1 1
RN55C1102F (11K 1% 1/10w) 1 1
RN55C2212F (22.1K 1% 1/10w) 2 2
RCO5GF122J (1.2K 5% 1/8w) 2 2
RCO5GF183J (18K 5% 1/8w) 2
RCO5GF331J (330.n5% 1/8w) 4
RCO5GF151J (150%5% 1/8w) 2 2
- 3250W-501-502 (2K 5% 1/2w) 1 1
RN55C6491F (6.49K 1% 1/10w) 1 1
224 TOTAL

FORM 2-0277-00




KEYV.

FAKT NO.

CC: IBM, QC, WORK, STORES, FILE

PART NO.631-0007 REV.
PERKIN—ELMEH ' ::° 27442 — 3‘&%‘?' &oce. |P AT seTup LorsTb| DaTE | OATE
E-O DIVISION '
MANUFACTURING DEPT. | aTv.rea. :
BILL OF MATERIALS & RELEASE SHEET [ O - —
PART NAME | o L. Pulse Generators &
T~ A7 Module Rquer_ CKt.
SHEEY 1 oF 2 |issueo sy DATE.
NEXT ASSEMBLY
v ng PART NUMBER PART NAME sov 11lo B3 lalsle 8 s 18T Y cone
631-0007 A7 Module 1K
9591021 Microcircuit L 910) 8 8
9591321 Microcircuit (MW, L 913) 4 b
U5B770931X Microeircuit g 4 A709) 1
C5R13B566KM Capacitor (56 4 £ 107 6V) 1
CKRO6CW103KM | Capacitor X.01 4 f 107 200V)] 7 2
C5R13G334KM (.33 yf 10% 50v) 1
CKRO6CW47 2KM (4700p£ 107 200V) 1
CKRO5CW221KM (220pf 107 200V) 1
CKRO6CW104KM (.14, £ 107% 100V) 1
C5R13E155KM (1.5 ¢f 107 20V) |- 2 2
e
CKROSCWL02KM | ca¥aciror (1000pf 10% 200V 1
600-4521-002 Diode (1N914B) 5
JAN2N930 Transistor 2
JAN2N2907A 3
JAN (TX)2N2222A 7
2N2945 2
JAN(TX)2N2432 | Transistor 3 3]
RN55C=~==F Resigtor - (392K 1% 1/10w) 1 1
_ RCO5GF473] (47K 5% 1/8w) 1
RN55C3323F (332K 1% 1/10w) 1 1
RCO56F153J (15K 5% 1/8w) 1
RCO5GF332J (3.3K 5% 1/8w) 1
TOTAL

FORM 2-0277-00

225




PART NO.

_ REV.

CC: IBM, QC, WORK, STORES, FILE PART NO.631-0007 REV
PERKIN-ELMER Zo 27442 — SEa. | 56e. [T Y seT LorsTh| DATE | DATE
£-0 DIViSION
, MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET | .. ac..
PART NAME A7 Module
SHEET 2 oF 2 |issueo By DATE
NEXT ASSEMBLY
n:v.'If_M PART NUMBER PART NAME sUM 112131415 PR NSRS 2T°v CODE |
: X
'RCO5GF152J Resistor (1.5K 5% 1/8w) 6
RCO5GF822.1 ' (8.2K 5% 1/8w) 4 A
RCO5GF683J (68K 5% 1/8w) 2
RCO5GF224J (220K 5% 1/8w) 3
RNS5C3321F (3.32%K 1% 1/10w) 1
RN70C24R9F _(24.90-1% 1/2w) 1 1
RN55C1003F (100K 1% 1/10w) 1
RN55C3322F (33.2K 1% 1/10w) 1 1
3250W-501-502 (5K 5% 1/2w) 4
RN55C=---F (2.2R 1% 1/10w) 2 1
RN55C----F (70K 1% 1/10w) 1 1
RN55C-==-=-F (50K 1% 1/10w) 1
| RN55C-=---F (12.4K 1% 1/10w) 2 2
RN55C----F ( 77K 1% 1/10w) 1 1
RN55C-=-~F R 22K 17 ) 1 1
RNO5GF104J Resistor (100K 5% 1/8w) 4
RCO5GF331J Resistor (330#%5% 1/8w) 1
RCO5GF562J Resjistor (5.6K 5% 1/8w) 2 2
RCO5GF472J Resistor (4.7K 5% 1/8w) 2
226 TOTAL

FORM 2-0277-00




REV.

PART NO.

CC: I1BM, QC, WORK, STORES, FILE PART NO.631-008 REV.

PEHK'N—ELMEH ::o 27442 — OSE%R 88E: S RS serue Jorerd) Bave Ny
E-O DIVISION
MANUFACTURING DEPT. QTY. REQ.

BiLL OF MATERIALS & RELEASE SHEET QTY. REL.

PART NAME Moduie A8 H.V. Ampl & 0SC

SHEET 1 OFZ 1SSUED BY ) DATE

NEXT ASSEMBLY

RV, :sM PART NUMBER F’AR"F NAME SUM 1o B lals 718 3;:" ?57: QBTOT' € ODE
631-0008 Module A8 H.V. Ampl. & 0SC 11
USB770931X Microcircuit (UA709) 2
CKRO5CW820KM Capacitor (82pf 107 200V) 1 1 {
CKRO6CH683KM A (.068uf _ 100V) 1 1
CKRO5CW471KM (470pf 200Y) 1
CKRO6CW103KM (.0luf 200V) 3
CKRO6CW472KM (4700pf _ 200V) 4
CKRO5CW221KM (22pf 200V) 2
CKRO6CW104KM (.luf 100V) 4
CKRO6CW152KM (1500pf  200V) 3 L2
C5R13C107KM (1L00uf __ 10V) Ll
C5R13J564KM Capacitor (.56uf 10% 100V) 4 2
600-4521-002 Diode (1N9143B) T
2N2973 Transistor 3
600-4762-002 (2N2605) 5
2N3635 | 2 2
2N3501 3 2
JAN2N930 1, 1!,
JAN(TK)2N2222A| Transistor 4
RNSSC----F Rﬁg_emr (220K 1% 1[1_0w) 1 1
RCOS5GF=-=~--J (68K 5% 1/8w) 1
RCO5GF1233 (12K 5% 1/8w) 2 2
RCO5GF154J s ooos 5 (150K 5% 1/8w) 1 1
RCO5GF563J (56K 5% 1/8w) 3
RCO5GF273J (27K 5% 1/8w) 2 2
RN65C1004F (IM 1% 1/4w) 3. 3
RCO5GF103.T ¥ (10K 5% 1/8w) 1
RCO5GF183J Resistor (18K 5% 1/8w) 2
TOTAL

FORM 2-0277-00 reniode : 777




REV.

PART NO.

CC: 1BM, QC, WORK, STORES, FILE PART NO.631-0008 REV.
PERK'N_ELMER ::o 27442 — %Z%?' 8252 S}LDQIQ-RSHSET-up LTOOTTSA.,.‘b %TAATRET Folzl!rsg
' £-O DIVISION i
MANUFACTURING DEPT, QTY.REQ B
BILL OF MATERIALS & RELEASE SHEET [ qrv. meL
PART NAME Module A8 H.V. Ampl & 0SC ]
. SHEET 2 OF 2 ISSUED BY DATE
NEXT ASSEMBLY
m:v.':iM PART NUMBER PART NAME SUM 1l213 1 4lsls 7‘ 8 ‘::ov" ?_.,:: 2;?' CODE
X
RN65C1503F Resistor (150K 1% 1/4w) 1 1
RCOSGF274.1 (270K 5% 1/8w) 1
RCO5GF223J (22K 5% 1/8w) 3
RCO5GF1523 (1.5K 5% 1/8w) 6
RCO5GF472J (4.7K 5% 1/8w) 3
RCO5GF331J (3305% 1/8w) 2
RCO5GF220J (222 5%, 1/8w) 2 2
RCO5GF153J (15K 5% 1/8w) 2
RCO5GF102J - (1K 5% 1/8w) 2
RCO5GQF221J Re¥istor (2208v57 1/8w) 2 2
RCO5GF334J Resistor (330K 5% 1/8w) 1 1
RN55C=-=--=F Resistor - (2210<%1% 1/10w) 1
»L 228 TOTAL i

FORM 2-0277-00



CC: IBM, QC, WORK, STORES, FILE v ‘ PART NO.631-0009 REV.

REV.

PART NO.

PERKIN-ELMER 21442 —
E-O DIVISION .
MANUFACTURING DEPT. | @Tv.Rreaq. »
BILL OF MATERIALS & RELEASE SHEET [ o1\ neL.
PART NAME Module A9 )
sHEET 1 oF 1 1SSUED BY DATE
NEXT ASSEMBLY
jREV. ‘:EM PART NUMBER PART NAME SUM 11213 4 516 1718 3::" ?s:;.' 3‘: C ODE
631-0009 Module A9 i 1x
SWD 10 Inductor 10 4h 2 2
Transformer, Converter 1 1
Transformer High Volt. 2
2N3501 Transistor 1
2N3739 2
2N2102 . 2 2
- 2N4036 Transistor 2 2
| RCO7GF----7 Rg_%igtor (33 5% 1/4w) 1 1
RC20GF474J ) (470K 5% 1/2w) 1 1
RC20GF1033 (10K 5% 1/2w) 1 1
RCO5GF470T (474% 5% 1/8w) 2 2
RC20GF472J v (4.7K 5% 1/2w) 1 1
RCO5GF272KM Resistor (2.7K 5% 1/8w) 2
UzZ210 Diode, Zener 1 1
_1N3286 Diode 2 2
Uz220 Diode, Zener 1 1
UTR22 Diode 7 7 '
UTR42 " Diode 2 2
600-4521-002 Diode (1N914B) 4
UzZ222 . . . 1 1
600-0505-001 Capacitor ,0luf 3kv 2 2
C5R13G685KM A 6 .8uf 10% 35V 1
COR13D226KM 22uf 10% 15V 2
G5R13G226KM 22uf 10% 50V 1 1
CKROACW]03KM L0luf 10% 200V 2 |
CSR13.JI564KM / S6uf 10% 100y 2 E
CKRO6CW152KM Capacitor 1500pf 107 200V 1 |
X |
TOTAL | i } i

FORM 2-0277-00 : 229



CC: I1BM, QC, WORK, STORES, FILE PART NO. 631-0108 REV. B

REV.

PART NO.

SPO QRER R DR ot Terart T rinisy
. “ - LCTET DATE DAT
PERKIN-ELMER |
" E-O DIVISION -
) MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET | -
PART NAME  Bage Two Gas Sensor
SHEET 1 o 1 I1SSUED BY DATE
NEXT ASSEMBLY 631-0110
r::v.lq.r‘f_VI PART NUMBER PART NAME suM 112 13lals | 6l7]8 3;’;' ?sz; 2:"0‘f' cope |
]
631-0108 Base Two Gas 11X
631-0108-001 Base 1
631-0108-002 | Fitting 2
j
)
}
!
I
|
|
i
230 TOTAL 1

FORM 2-0277-00 ‘



REV.

PART NO.

CC: 1BM, QC, WORK, STORES, FILE PART NO. 631-0112 REV.
B SPO OFER. | OPER. |STOC.HRS = TOTAL | 5TART | FiInNISH
SEQ- CoDE. JuNIT P SETUE oT ST D
PERKIN-ELMER |— LoTsrol bave | oate
E-O DIVISION
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET [ .. nc.. o
PART NAME  Arm Chopper-Assy.
SHEET oF ISSUED BY CATE
NEXT ASSEMBLY 631'0110
nEv.‘:i"" PART NUMBER PART NAME SUM 1l2 4|5 8 (:;,-Qy, :35::{ 3T°Y. cope
631-0112 Arm Chopper-Assy 1 X
631-1255 Filter, 21
631-1256 Filter, 22
631-1245 Arm
Cement H/
1
i
!
i
; ,
:
| ,
T T
! i
|
]
|
TOTAL | ‘
FORM 2-0277-00 231




REV.

PART. NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0101 REV.

OPER. PER. X o
PERKIN-ELMER | 27142
E-O DIVISION
MANUFACTURING DEPT. QTY.REQ.
BiLL OF MATERIALS & RELEASE SHEET QTv. REL. N
PART NAME pracket Grating Assy
SHEET oF 1 ISSUED BY DATE
nExT assemBry 631-0100
“v'lzs.m PART NUMBER PART NAME SUM 1|2 I3 516 718 (:!J." ?5:: ?JCT' CcOoDE
£31-0101 Bracket, Grating Assy RN 1iX
(Insep Assy)
631-0101-1 Bracket 1
631-1201 Screw
631-1203 Nut 2
+
i
222 TOTAL

FORM 2-0277-00




REV.

PART NO.

CC: I1BM, QC, WORK, STORES, FILE PART NO. 631-0100 REV.
SPo 27442 A)FE%— PEEE: At Y L_Tc:r;:f,\;;t Sare LA
PERKIN-ELMER [—
E-O DIVISION 1
MANUFACTURING DEPT. | oTv.reaq.
BILL OF MATERIALS & RELEASE SHEET [ ___
PART NAME OCvradla £ Ryacket Aggv ;
Ui QW L = dJd i e s
s=EET ] zr 1 ISSUED 8Y DATE
NExT assewaLy  631-0110
1TEM < . TV, QT .
v o PRRT omBER PART Naue 5 1121314 6 | 718 [ =ee. |15.2. | s, | CODE
631-0100 Cradle & Bracket Assy 11X
631-0101 Bracket Grating Assy 1
L
631-1206 Pin Lo 2
T
631-1207 Cradle R ?
631-1220 Grating i IR
T T '
|
3
Cement ’ fy ; 1
i
i
; :
!
]
!
i
]
|
}
.
| j
1 ! |
i
| :
|
t : !
| TOTAL ;
FORM 2-0277-00 233




CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0104 REV.

REYV.

PART NO.

S0 27442
PERKIN-ELMER |— e —
MANUFACTU-RING DEPT. | aTv.rea.
BILL OF MATERIALS & RELEASE SHEET | "~ ™
PART NAME  Cell, Sample IR. Assy
SHEET 1 oF 1 ISSUED BY DATE
NEXT ASSEMBLY 631.0105
n:v.l:i& PART NUMBER PART NAME SUM 112 13145161718 SETQ( ?SZ;' c;:rof' coDE
631-0104 Cell, Sample IR. Assy
631-1210 Cell, Sample, I.R. 1
631-1222 Ring, Retaining Window 1
631-1037 Window
631-1035 Lens, Element #2 1
631-1226 Spacer, I.R. Sample Cell 1
631-1036 Lens, Element #3 1
631-1223 Ring, Retaining, Ele. #3 1
631-1259 Spacer, Window . 1
234 TOTAL i } 71

FORM 2-0277-00



CC: IBM, QC, WORK, STORES, FILE PART NO. §31-0103 REV.

REV.

PART NO.

SPO LS. gagu 3'_'}““,‘:9'5‘:7-‘ - erc’r«:h-‘?\ 3TART FINISH
PERKIN-ELMER |—2/%2 2 SRR cr bl bare Joare
"E-O DIVISiON — 1
 MANUFACTURING DEPT. [ eTv.rea.
BILL OF MATERIALS & RELEASE SHEET | ™ "
PART NAME . 4 ____ ., _ - TV msvem L emnr AAncwr
DOLOLICLEL 4 lj.ngLllx. NDooy
SHEET OF ISSUED B8Y DATE
NEXT ASSEMBLY 631~0105
w:v.l,T,OE.M PART NUMBER PART NAME SUM 1121314516 17(8 (:ETQV" ?SZ;' 2:1'0‘.(. coDE
631-0103 Bolometer, Housing Assy 11X
631-1221 Bolometer, Thermistor 1
631-1205 Housing, Bolometer 1
631-1228 Spacer 1
631-1224 Ring, Retaining 1
631-1225 Spacer, Lens 1
631-1257 Lens Element #4 1
631-1258 Element #5 1
600-7616-003 | Screw, Cap, Socket HD (#0-80x1/4) | 3
|
T TOTAL ]

FORM 2-0277-00 - 7 235



REV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0102 REV.

s CrPER. JDFER. ST RSy - . T Ta L TART FINIS
PC 27442 SEQ. ZCOE Ny | 3FE TR Lars-o| B A

PERKIN-ELMER |- i3d S| Sase | v

wo LoT

E-Q0 DIVISION

MANUFACTURING DEPT. QTY.REQ.

BILL OF MATERIALS & RELEASE SHEET

QTY. REL.

PART NAME  gource, Light IR. Assy

SHEET oF ISSUED BY DATE

NéXT ASSEMBLY 631-0105

mcv.lzs_M PART NUMBER PART NAME S 11213 14l51l6 1718 ,::J" ?;;" 2:1' c ODE
631-0102 Source, Light TR, Assy ' 1{x
631-1213 Base & Lamp (Insep Assy) 1
631-1217 Lamp 1
631-1211 Bracket 4 1
631-1212 Extension, Lamp Base o 1
631-1214 Spacer - 1
631-1215 Aperture Ly 1
631-1216 Ring, Retaining ; { 1
631-1034 Element #1 ; 1
631-1242 Board, Terminal . 1
MS51021-11 Screw, Set Socket (4-40x1/4) : 2

600-7616-102 | Screw, Cap Socket (4-40x3/16)

L 4
600-7616-021 Screw, Cap Socket (2-56x1/8) i 1
i
T ) I
t
i Lol
) T
| |
b | L
. x ! 1
J L
i i !
s T !
: i | |

b mee
4
E
f— .

i 236 TOTAL

FORM 2-0277-00



REV.

PART NO.

FOR’RM 2-0277-00

CC: I1BM, QC, WORK, STORES, FILE PART NO 631-0105 REV.
Y 27442 N REERE ENRERN ISTRETY
PERKIN ELMER |- - ; Rl PR
£.C DIVISION 1. i
MANUFACTURING DEPT. | & ra. |
BILL OF MATERIALS & RELEASE SHEET [ .. ., E
FART NAME TR Sensor & Light Assy i
smeeT ] e ] IES,»,L oy aTE { I
TIEX T LSSE (SR 631_0110
631-0105 I.R. Sensor & Light Assy 11X
631-0102 Source Light IR Assy 1
631-0104 Cell, Sample, I.R. Assy 1
631-0103 Housing, Bolometer Assy 1
631-1218 Plate, Mounting 1
631-1260 Bushing 4
631-1261 Insulator | i T ;
1 - %
600-7616-023 Screw, Cap, Socket HD 2-56x1l/4 i 10
600-7623-007 | Nut, Hex, Plain  4-48 IRE
1
Screw, Set’, Socket 4-48x3/8 L 11 P
—
i
’ |
i |
: M
| L . ===
e i
t + t
o
! —
i
E S|
bk i L
; i — R
f P ! % f
T
r — — ; ]
t 1 Lo | 2
o e R R
; - e e ST —r 1’» ~}——7,L' “ ——p ey
1 ‘ ; P : ; - :
| . - | ToTAL fm i P T | : T




REV.

PART NO.

CC: 1BM, QC, WORK, STORES, FILE PART NO. 631-1221 REV.
sPo 27442 Sear | 866e: |5 N seTue Lorsto| BaTe | BAYE
PERKIN-ELMER ;
. WO LOT |
£-0 DIVISION i
MANUFACTURING DEPT. QTY.REQ. i
, -
BILL OF MATER!IALS & RELEASE SHEET QTY. REL K
PART NAME Bolometer, Thermistor Assy
sHeer 1 oF 1 ISSUED BY DATE
NEXT ASSEMBLY 631-0103
TTE
REV. ,JO'M PART NUMBER PART NAME sum 1121314 6 8 3;:.. ?515.:.‘ 31:. COoDE
631-1221 Bolometer, Ther. Assy
{
!
218 TOTAL
XV AY]

FORM 2-0277-00



REYV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0115 REV
sSPO OSEEQR. ggg_g STE;J'}“S SE reum TOTA L START FINISH
: /UNT =iTeT LCGT LT D] DATE ATE
PERKIN-ELMER [
€-0 DIVISION
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET | o1y, reL. N
PART NAME  Mask, Lower Assy
SHEET 1 CF 1 ISSUED 8Y DATE
NEXT ASSEMBLY 631_0107
n:v.‘IE_M PART NUMBER PART NAME SUM 1 3 516 17 32;' ?szg 3:‘-0‘:' CobE
631-0115 Mask, Lower Assy 1
631-1250 Substrate, Lower
631-1253 Mask, Lower
/]
Cement /
|
i
i e
‘ .
i |
- i |
s
A ,
. t
i |
| | A D
; i
l‘ - -
! 1
- i
R |
o 1 T T
; ! i
1 ! _
1
I — T
TOTAL A I
FORM 2-0277-00 239



Ni= V.

NV .

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0116 REYV.

rAni

PO OPER. | CPER. |STD.HRS| ccyo TOTAL| START | FINISH
. SEQ. CODE. JUNIT | SET-UF
PERKIN-ELLMER . . . LorSThl OATE 1 PATE
E-0 DIVISION — -
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET QTY. REL.
PART NAME  Magk Upper Assy
SHEET 1 ofl ISSUED BY DATE
nExT assemery 631-0107
ey | o™ PART NUMBER PART NA grv.[Qtv. [atv.
e ME SUM 1l2 405 b 17 |8 | rea. J1sso. | 8o, | COPE
631-0116 Mask Jpper Assy 1[X
631-1251 Substrate, Upper 1
631-1254 Mask, Upper 1
Cement ' L 9/
~ |240 TOTAL
FORM 2-0277-00 -



cV.

R¥

PART NO.

PART NO. 631-0114

CC: 1BM, QC, WORK, STORES, FILE REV
PO QPER. | OPER STD. HRS] oo r o TOTAL | START | FINISH
SEQ. CODE JUNET St LOTSTD] DATE DATE
PERKIN-ELLMER — -
wO LOT
E-C DIVISION L - -—— =
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET [ o . .o
PART NAME window Assy U.V. Sample Cell
SHEET 1 °F 1 ISSUED BY DATE
NEXT ASSEMBLY 631-0119
T EN — =
Mv.l,m_M PART NUMBER PART NAME SUM 11213 1 4ls 16 8 2ETQV.' ?51:. QBTOT‘ CoDE
631-0114 Window Assy. U.V. Sample Cell ) 11X
631-1247 Window, I1..H. 1 .
631-1248 Window, R.H. i 1
Cement - ié
i
i
TOTAL
FORM 2-0277400 241




CC: 18M, QC, WORK, STORES, FILE PART NO. 631-0119 REV.

REV.

PART NO.

sPO OSZ%R 8552 S;T'UD':‘ IHTRS SET-UP LTOOTTSA*LD SDTAATRET
PERKIN-ELMER [— P
E-O DiVi5iON — -
'MANUFACTURING DEPT. | @Tv.rea.
BILL OF MATERIALS & RELEASE SHEET | o1y, ney.
PART NAME  0al1l, Sample UV Quter Wind.
SHEET o 1ISSUED 8Y DATE
NEXT ASSEMBLY 631_0118
FEV, 'TOE:A PART NUMBER PART NAME SUM 112131 41516 | 718 2;:_' ?5:; 2T°T'
631-0119 Cell, Sample UV Buter Wind. 1iX
631-0114 Window, Assy 1
631-1243 Window, Qutexr 1
Epoxy ' %
249 TOTAL |

FORM 2-0277-00



REV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0118 REV
T sPO s Tersr o mdee e TOTAR] STEAT | Flviso
) 52G. ¢ CnE [ A LZTETD DATE DAT
| PERKIN-ELMER [ -
‘ ‘ : |
! E-O DiVISiON _ N o]
MANUFACTURING DEPT. [ QTv.reaq.
BILL OF MATERIALS & RELEASE SHEET | _ =~
ST NAME 0ell, Sample UV Insert Sub,
< £eT o= 183105 1) 7F1V CATE
T T ASSEMBLY 631_0117
::v.i::E:'4 BART NUMBER FART Name s 119 4lsle 3 i‘:: IQTj 2;"' cobE
631-0118 Cell, Sample UV Insert Sub X1l
631-0119 Window Outer 1
631-1282 Cell, Sample, UV Insert 1
631-1244 Window, Lower
g |
i !
. -
!
|
Epoxy 7%
B -
1 ! ! i
7 ;
]
i
i B
|
! J 1'
! j
: ‘ g i
| L
i ; !
; ]
| o ‘
N |
t o |
: | |
i i
; s
5 ‘ ]
—_ — — - - - R — fo— b e B —— —77——:-«—7———'7‘ ———
: - - | . ‘ - b i i ; j
| TOTAL ] | N
"V 2-7277-00 243




V.

Rl

PART NO.

CC: I1BM, QC, WORK, STORES, FILE PART NO. 631-0117 REV.
— sPO OPER. QPER STD.HRS -1 TOTAL | START FINISH
SEQ. CODE JUNIT LOTSTD DATE DATE
PERKIN-ELLMER
WO LOT
£-0 DIVISION e e | — e e -
MANUFACTURING DEPT. | aTv.reaq.
BILL OF MATERIALS & RELEASE SHEET [ .. no_.
PART NAME (@all,  Sample UV Sub-Assy
SHEET OF ISSUED BY DATE
NEXT ASSEMBLY 631'0107
ITEM QTv.[QTv.]QTv.
REV.| no, PART NUMBER PART NAME SUM 1 2 3 4 5 8 REQ. I1sso. 8.0, C ODE
631-0117 Cell, Sample UV Sub-Assy X|1
631-0118 Cell, Sample TV Insert 1
631-1281 Cell, Sample UV Housing 1
7
Epoxy
244 TOTAL

FORM 2-0277-00




REV.

PART NO.

CC: IBM, QC, WORK, STORES, FILE ART NO. 631-0107 REV
PERKIN-ELLMER i:o LoT SEQT" | 8858 5_/TUDr~3|}irRs!SET'Up Lorsrp| baTe | DATE
E-O DIVISION
MANUFACTURING DEPT. | @vv.RrEa.

BILL OF MATERIALS & RELEASE SHEET [ .~ ' -

FART NAME  Gas, Sample, UV Assy

SHEET QF ISSUEC BY DATE

NEXT ASSEMBLY 631'0110

JREV. :EM PART NUMBER PART NAME SUM 112131 4l5]6 8 3;0‘(: z:oy" 31‘:' coDE
631-0107 Gas, Sample, UV Assy 11X
631-0117 Cell 1
631-0115 Mask Lower Assy
631-0116 Mask, Upper Assy 1
631-1246 Cam 1
631-1249 Pin 1
631-1252 Cleat 4
600-7676-015 | Screw, Set, Flat Pt #080xl/4lg 1|
600-7676-103 Screw, Cap, Socket HD #4-40x1/41g 8
TOTAL B :

FORM 2-0277-00

245




V.

RI

PART NO.

CC: 1BM, QC, WORK, STORES, FILE ART NO. 631-0121 REV
PERKIN-ELMER |— B I S E
MANUFACTURING DEPT. [ aTv.RrEQ.
BILL OF MATERIALS & RELEASE SHEET [ orv. neL.
PART NAME _A_-r!.!.!3 Chopper ASSy
SHEET OF ISSUED BY DATE
NEXT ASSEMBLY 631'0110
REV.':S_M PART NUMBER PART NAME sUM 11213141516 8 2;0\(.. IQSZ;'.. 3?0\./. CoDE
631-0121 Arm, Chopper Assy X
631-1245 Arm, Chopper 1
631-1283 Chopper, W 1
631-1284 Chopper IR 1
631-1255 Filter » 1 1
631-1256 Filter A 2 1
Epoxy %
246 TOTAL

FORM 2-0277-00




CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0106 REYV.

REV.

PART NO.

PERKIN-ELMER :’Zo — 3EQT | 88EE: PN seTur Lor'srn| By | BareE
E-O DIVISION
MANUFACTURING DEPT. QTY.REQ.
BILL OF MATERIALS & RELEASE SHEET [
rarT na@5yer Hermetical
SHEET OF ISSUED BY DATE
NEXT ASSEMBLY 631_0113
REV.‘:E.M PART NUMBER PART NAME SUM 112131 4lsle | 718 2;!" ,QSTs; 3?0\:' coDE
631-0113 Cover Hermetical 11X
631-1279 Cover Internal 1
631-1277 Bracket Mounting 1
631-1274-1 Stud Threaded 2
631-1274-2 Stud Threaded , 1
631-1274-3 Stud Threaded gl
631-1275 Stud Tapped A
631-1276-1 Tubing 1
631-1276-2 Tubing 1
MS3113H16-26 | Connector N
Connector ‘ 2
Connector b A
i
|
i
{
|
Ir ]
N
|
o 1 )
‘ TOTAL P Ll | |

FORM 2-0277-00 247



V.

Rl

PART NO.

CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0113 REV.
PERKIN-ELMER [— e e e Lt
MANUFACTLU';I;IG';I'E\;';'. bow.n"e;.‘) - 1
BILL OF MATERIALS & RELEASE SHEET | o __
PART NAME  mwoo Cas Sensor Assy
SHEET oF ISSUED BY DATE
| NEXT ASSEMBLY
R:v.':iM PART NUMBER PART NAME SUM 112 4tisle 1718 3;:" le:: 2;‘.{' cobE
631-0113 Two Gas Sensor Assy 1IX
631-0001 Module Al 1
631-0002 Module A2 1
631-0003 Module A3 ° 1
631-0004 Module A4 1
631-0005 Module A5 1
631-0006 Module A6 1
631-0007 Module A7 1
631-0008 Module A8 1
631-0009 Module A9 1
631-0109 Cover 11
N T
631-0110 IR + UV Channel Assy |1
1
631-1239 Spacer Module [1
631-1237 Gasket Cover |2
$31-1238-001 Screw, Module 11
631-1238-002 Screw, Module 12
631-1238-003 Screw, Module P2
631-1238-005 Screw, Module 'l
631-1236 Spacer, Connector ;
631-1240 Gasket, Connector éeé
600-7616-021 Screw, Cap, Socket 2-56x1/8 12
600-9091-006 Plate, Identification 1
Sealing & Retaining Compound iaé
Nut, Hex ;2 |
|
A '
i B
i ! ' '
| i ;
| Jeas TOTAL L o

FORM 2-0277-00




REV.

PART NO.

CC: 1BM, QC, WORK, STORES, FILE PART NO. 631-0110 REV
) sSPO OPER. OPER. STD. HR S TroTaAavL START FlNISr
27442 SEQ. cobE. JUNET JSETeUP LOTSTD| DATE DATE
PERKIN-ELMER |
E-O DIVISION
MANUFACTURING DEPT. | oTv.Rea.

BILL OF MATERIALS & RELEASE SHEET [ ooy rer. ) - B

PART NAME TR & UV Channel Assy

SHEET 1 CF 2 SSUED BY DATE

NEXT ASSEMBLY 631_0113

n:v.l:iM PART NUMBER PART NAME SUM 11213 1 4isle | 718 izcy.' ?5:; 32:' CODE
631-0110 IR & UV Channel Assy X
631-0100 Grating & Bracket Assy 1
631-0105 IR Assy 1
631-0107 Cell, U.V Assy 1
631-0121 Arm, Assy 1
631-0108 Base, Weldment: 1
631-0014 Transducer, Pressure 1
631-1200 Bracket, Mirror 2
631-1202 Block 4
631-1204 Bracket, Chopper 1
631-1208 Bracket, Lamp 1
631-1219 Bracket, Photo multiplier 1
631-1230 Mirror 1
631-1231 Photomultiplier 1
631-1232 _ Motor Chopper P11
631-1234 Mask, UV ol
631-1235 Hub 1
607-1049 Lamp 1
600-7616-102 Screw, Cap., Socket HD 4-40x3/161g 20
600-7616-103 !/ 4-40x1/41g 2
600-7616-1869 4-40x3/41g 4
600-7616-022 2-56x3/161¢ 9
600-7616-023 2-56x1/41g 3
600-7616-024 2-56x5/161 4
600-7616-001 0-80x1/81g 5
600-7616-002 Screw, Cap, Socket HD 0-80x3/161lg 2
600-7624-001 Washer Flat #0 4 L
TOTAL
FORM 2-0277-00 249



CC: IBM, QC, WORK, STORES, FILE PART NO. 631-0110 REV.

CPER. o]
SPO S A P

EQ 5T0. HRS] SET.UP TOTAL | START FI;JISH ‘

REV.

PART NO.

PERKIN-ELMER — eTiToL TR AT
E-O DiViSiON :
MANUFACTURING DEPT. QTY.REQ. ‘
BILL OF MATERIALS & RELEASE SHEET | " _ - a
PART NAME —— o~ e amt - . %‘
IR & UV _Channel Assy
SHEET 2 OF 2 ISSUED BY DATE 41’
NEXT ASSEMBLY 6‘31_0113
ITEM QTY. | QTY. QTvY.
IREV.| yo. PART NUMBER PART NAME SUM 1 2 3 4 5 6 7 8 REQ. 18s0. B.0. CODE
631-1262-001 Tube, Union 2]
631-1262-002 Tube, Union sl
631-1262-003 Tube, Union 2
631-1263 Tube Inlet, IR 1
631-1264 " Tube OQutlet IR 1
631-1265 Tube Qutlet UV 1
631-1266 | Tube, Transducer 1
631-1267 _ Tube, Sleeve_ 6

250 TOTAL 1
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SECTION V

ASSESSMENT OF PERFORMANCE

The assessment of performance of the fabricated hardware is made
first with respect to the performance goals for the program and then with re-
spect to additional criteria that were developed as the units were tested.

The performance goals and actual operation of the system may be
summarized as follows:

Weight:

The goal was 6.5 pounds. This has been improved to 4.8 pounds.
Volume:

The goal was 110 in3. The actual volume is 122 in3.
Power:

The goal was 5 watts at 28 vdc. The actual power consumption is 4.7 watts.

Oxygen Partial Pressure (POzl:

Range - Zero to 250 millimeters Hg with expanded scales for a 0 to 5 volt
dc output corresponding to 125 to 250 mm Hg partial pressure of oxygen (with
available alternate ranges). This has been done.

Accuracy - +2 percent of full scale. This has been met for short term oper-.
ation only.

Water Vapor Pressure (PHZQI:

Accuracy - 15 percent of full scale. The range and accuracy of the H20
channel has not been demonstrated.

Carbon Dioxide Partial Pressure (PCOzl:

Range - Zero to 20 mm Hg partial pressure of carbon dioxide corresponding
to a 0 to 5 volt dc output. This has been done.

Accuracy - *2 percent of full scale. This has been met.

Total Pressure (PT) Characteristics:

Range - 100 to 400 mm Hg total pressure corresponding to 0 to 5 volts dc
full scale output. (Available for 1 atmosphere PT as an option.) This
has been done.

Accuracy - *1 percent of full scale. This has been demonstrated to be
*1.3 percent.

Nitrogen Partial Pressure (gNzlz

Range - 100 to 300 mm Hg corresponding to 0 to 5 volt dc output. This
has been done.

Accuracy - +5 percent of full scale. This is derived from the 02 signal
and hence exhibits only short term stability.
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Two

B.

SYSTEM PERFORMANCE

n
-t

L e :
ics are common to the entire

The following performance characteri:
Gas Atmosphere Sensor System:

40° to 90°F. This has been demonstrated for
the electronics only.

Operating Temperatures

Storage Temperature - 65° to 200°F. This has not been demonstrated.
Vibration, Acceleration, - Manned Spaceflight
and Shock Missions. This has not been tested.

Attitude -  There should be no preferred use attitude,
but this is unresolved at present.

Altitude - No limitation on operating or storage
altitude. This has not been tested.

Operating Life - One to three years (estimated)

Storage Life - Estimated in excess of three years

Required Operational - 28 volt dc supply *4 volts. Transients and

Supply reverse polarity protection have been pro-
vided by an EMI filter on the input power
line. A provision has also to be made on
the output to limit the output voltage swing
from -1 to +7 volts in the event of equipment
failure.

Handling and Storage - Recommended to be accomplished by the use of
specially designed carrying case, which will
isolate the sensor from extreme environmental
conditions and be a useful storage provision
and general protective device for the sensor
system.

Response Time - Less than 10 seconds to reach 90 percent of

the step value of input partial pressure

change with a pressure drop of less than 3

inches of water (primarily pneumatic). This
" has been met.

Flight Qualification - The system is designed to meet typical flight
qualifications as defined by the reference
programs. No qualification tests have been
performed.

SUBSYSTEMS PERFORMANCE

During the functional testing of the first two units, several de-

sign deficiencies were encountered which require additional work before the
units can be considered fully operational and within the specified design goals
for the system. In summary, the problem areas are:

262

Drift in the output of the oxygen channel

Susceptibility to rotation in the earth's magnetic field
Susceptibility to changes in ambient pressure

Untested performance of the water vapor channel
Incomplete sealing of the hermetic cover assembly

v WnN =
.

.



1. 292 Channel

The POy channel meets the requirements for zero and span calibra-
and linearity. The oxygen calibration is independent of total pressure
of the sample gas.

-

.
10

13

The oxygen channel has exhibited a drift rate of approximately 5
to 7 percent of full scale over 24 hour periods. This drift is fairly consis-
tent from unit to unif, always exhibiting a positive increase, which apparently
indicates an increase in the oxygen partial pressure. Systems tests have
reasonably verified that the drift problem is not associated with the elec-
tronics system, but rather it is caused by a mechanism of the sample cell
interacting with various concentrations of oxygen. The effect that we have
observed can be accounted for in either of two mechanisms; either there is an
increase in absorption of the oxygen cell, or an apparent decrease in absorption
from the reference cell on the 14704 energy slit. The most likely cause of
this effect is an apparent film that forms on the oxygen sample cell in the
presence of both the ultraviolet energy and the oxygen gas. A reduction in
the absorption of the reference cell is difficult to synthesize at this time.
Tailor, Chubb, and Kreplim3 have reported on the transmission diminution of
vacuum ultraviolet lamp windows, which may partially explain the mechanism
of the film formation. The reference paper describes the decay of the
response of UV sample chambers when the detectors are exposed to radiation
from high intensity helium discharge lamps, The mechanism proposed in this
paper was that the cause of the decay was a buiidup of an absorbing fiim upon
the UV transmitting windows employed in the system, It was felt that the
film was produced from photodisassociated pump oil. Data presented in this
paper shows that detectors, which were irradiated through a vacuum path, had
a drastic decrease in response, which suggests that the attenuation of radiation
might be traced to the vacuum pump oil.

The authors describe a model of film buildup and transmission loss
based on decomposition of the oil vapors. It was believed that the far ultra-
violet quanta traversing the imperfect vacuum between sample windows photo-
disassociated the residual oil molecules which then condensed on the windows,
The resulting accumulating film on the window is highly absorbent in the far
UV and reduces the emergent far UV flux. As a result, the process of film
buildup occurs at an ever decreasing rate. An empirical relationship was
developed which showed that the decrease in emergent flux is proportional
to the square of the flux emerging from the window times a constant made up
of the absorption coefficient of the film constituent., The coefficient is
proportional to the fraction of the oil fragments produced in the gas that
strike the window and condense to form a film, and the number of oil
molecules per unit volume, their cross section per unit area, and also the
path length through the gas.

In summary, the transmittance diminutfon is caused by the formation
of an attenuating film on the surface of the UV window. The film is formed as
a result of the fragmentizing of vacuum pump oil molecules by the ultraviolet.
The rate at which the window transmittance diminishes is a function of the
lagp intensity, the absorption coefficient of the film constituents, and the
production rate of the film. It is evident that the calibration of the

7

A indh "

3fr;ilor, Chubb, and Kreplim, Journal of Optical Society of America, Vol. 55,
9, 1965.
=2
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system must be made in an oil free environment, if long term stability is to

be obtained. However, this effect can be counteracted by exposing the ref-
erence cell to the same atmosphere seen by the analytical sample cell and
ratioing out the common formation of the interference film. The total energy
absorbed by this film is quite small and well within the region of the AGC
operation. It is suggested that a slight modification to the sample cell be
made to allow this provision to be added. In the design of the present cell,
the reference path does not see the sample gas and, hence, remains constant.

If indeed a film does form, on the sample side, then a change in the ratio will
result.

Tests on optical degradation by Heath and Sacher4 investigated the
effects on the transmittance of CaFy and sapphire for UV use when subjected to
irradiation by high energy electrons. The result showed that CaF, exhibited a
marked degradagion in the transmittance in the 17254 region compared to that ob-
tained at 1470A. Sapphire, on the other hand, exhibited no observable change in
transmission over this wavelength region. It is unfortunate that the sample
cells we assembled do contain windows of CaF2 on the photomultiplier side of the
cells.

2. Magnetic Field Effects

During the development testing of the first two sensors, it was
determined that in the present design the PO2 channel output is susceptible to
the movement in the earth's magnetic field.

When the effect of the earth's field became apparent, the manufac-
turer of the photomultiplier (EMR, Princeton, New Jersey) was contacted.

The available data on EMR photomultiplier tubes with venetian blind
construction indicates that a magnetic field of 4 Gauss produces a maximum change
in output of 5 percent. It was assumed, but not specifically stated, that this
applied at a nominal current gain of 106. Since the earth's magnetic field is
about 0.18 Gauss, it should result in a maximum output variation of about 0.2
percent.

The problem has apparently occurred in our design due to the high
enexrgy available from the monochromator and the resultant reduced current gain
(103 at 1050 v) at which we are operating the photomultipliers.

Magnetic shielding should be provided on all units to reduce to at-
titude sensitivity. This can be accomplished by special formed magnetic shields,
or shielding can be accomplished by wrapping the tube with Netic-Conetic foil
available from Perfection Mica Company, Magnetic Shield Division, Chicago,
Illinois. The Conetic material is AA foil (0.004 inch thick) wrapped to 0.015
inch thickness. This shields against low intensity magnetic field (0 to 2

Gauss). The Netic material is 8§3-6 foil (0.004 inch thick) wrapped to 0.025
inch thickness. This shields against fields from 2 to 4 Gauss.

A magnetic shield was installed on unit S/N 03 but its effect was
untested.

4E.E. Heath, P.A. Sacher, Applied Optics, 3, 943 (June 1966).
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3. Ambient Pressure Changes

After the seals were made on the hermetic cover flanges, a test
was performed to determine the susceptibility of the PO, channel to internal
positive pressures of up to 5 psi above ambient. The e%fect is an output change
of 4 percent per psi. This should be less than 0.1 percent per psi for accept-
able design. The cause of the error is the deflection of the housing base which
causes a resultant defocusing and translational motion of the UV sample cell.

An analysis follows which first establishes the measurement error in
terms of the exit energy spectral content and then investigates several mechan-
isms which can contribute to changes in the spectral output.

a. Alignment Consideration in UV Section of Two Gas Sensor

The initial consideration is the development of the measure of the
error which can be experienced in the oxygen channel as a function of changes
in the spectral output.

A sketch of the two gas sensor monochromator is shown in figure 70.
It consists of a UV source, a reflector, a grating, and an exit slit. The func-
tion of the monochromator is to generate radiation at 14704 for the oxygen channel
and at 17508 for the water vapor channel.

The following analysis investigates some of the considerations re-
lating to alignment of the optical elements in the monochromator.

(1) Measurement of Susceptibility to Errors Due to
a Shift in Average Wavelength

(]
Assuming a monochromatic radiation at 14704, the transmission through
an absorbing medium is given by:

1-1 e P (1)

where I = intensity of transmitted radiation

I = initial intensity

B = absorption coefficient at 14702

C = concentratioh of absorbing medium (oxygen)
x

= path length
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Figure 70, Two Gas Sensor Monochromator
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The ratio from which the oxygen concentration is computed is:

KI
R =~ (2)
o I e BCx
o
hence
R =K eBCx (3)
o
It is evident from Eq. (3) that what is actually being measured
is the product BCx. Assuming the path length x is constant and known, but
the absorption coefficient is changing because of a change in wavelength, the
resulting error in C (which will keep R constant) is given by:
(B+AB)(C+AC) - BC = O (4)
where
AB = change in B
AC = resulting error in C
From Eq. (4)
AC A
2.4 (5)

c B

where AB/B is the normalized error in B and AC/C is the normalized measurement
error. The percentage error per unit wavelength is obtained by dividing Eq. (5)
by A\ and multiplying by 100. Hence

E_ = - é-‘iﬂﬂ"— 100 (6)
where

E° = normalized measurement error (%/3)

%ﬁ = slope of absorption curve

Since the slope of the absorption curve is changing rapidly, the value of Eo
will vary considerably depending upon where the slope is evaluated. Using
the plots of relative absorption in figure 11, page 29 of the Two Gas Sensor
Design Study Report (P.E. Report No. 8287), the slope at and around 14704
was evaluated and is tabulated below.

2D g™y omd s 2y 5 ()
1440 353 -30 3 -0.1 © +0.03
1470 350 0 0

1500 320 +30 -30 -1.0 +0.3
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The tabulated values show that at the oxygen analytical wavelength
of 1470A an error of approximately O. 1%/A will be experlenced For a 1 per-

cent error, gne average spectrai countent at the exit slit must be maintained

to within 10A.

Using the same approach for the water vapor channel,it can be shown
that the ratio from which water vapor is determined is proport10na1 to the quo-
tient of the transmission at 14704 through a relatively short absorption path to
the transmission at a nominal wavelength at 17504 through a relatively long ab-
sorption path. The equation for R is

—Blcoxl
K1 e
R = — - (7)
Voo TBCoxy TByCxy
e e
where o
Bl = absorption coefficient of oxygen at 1470A
BZ = absorption coefficient of oxygen at 17SOZ
53 = absorption coefficient of water vapor at 1750A
Co = concentration of oxygen
w - concentration of water vapor
X, = absorption path length of oxygen channel
X, = absorption path length of water channel
The path lengths are selected so that nominally
By x =B % (8)
and B,C x
_ 3w 2
R, =K e (9)

Assuming an error in wavelength of the radiation through the water channel, the
ratio will be

AB,C x (B,+AB )C X
R& - Re 27072 e 3573 2 (10)

The error in Cw is obtained by computing the change (ACW) in Cw which will make
R' = R . Hence
. AB.C x.  (B,+AB,)(C +AC )x, B.C x

e 202 e 3773w w2 -e 3w 2 -0 (11)
and

!
o

BByCoxy + (B3 +AB3) (C+AC )x) - B4C x, = (12)

268



irom Eq. (12)

C
o]

AC, 8By T2 AB,

. (13)
B
w 3
and
2, %0
E = - [ Q&;TT_EELIQL] (14)
v 3

(2) Conclusion

It is seen from Eq. (14) that the error in the water vapor channel
is a function of oxygen concentration. Using the absorption curves of oxygen
and water vapor from figure 11, of P.E. Report No. 8287, the percentage error
is tabulated below for two situations.

The first case corresponds to 30 mm/Hg vapor pressure with no oxygen
present, while the second case has the same vapor pressure but 280 mm/Hg partial

pressure of oxygen.

B

C>

c 88,

o ° 2

Mixture - N (A) - rvan -1 z

= c, N AN By (em ) E, (%)

C0 =0 0 1750 -0.87 0.17 59 1.5
{Co =280mHe 53 1750 087 0.17 59 4.2

C = 30 mm Hg

W

o The slopes in the above table are average values between 17204 and

1750A.

This means that the output error is significantly greater in the
water vapor channel for changes in the spectral content of the exit energy. As
a result of this increased sensitivity, the stability of the average wavelength
must be 1.04 or less.

b. Defocus Effects

A sketch of the monochromator is shown in figure 70, Nominally the
object plane, containing the entrance slit, is located at a distance from the
reflector equal to the focal length so that the radiation incident on the grating
is collimated. Similarly, the first order spectrum at any wavelength is also col-
limated and is focused at a distance from the reflector equal to the focal length.

If the system is defocused by rotating the source-slit assembly through
an angle y as shown in figure 70, the radiation incident on the grating will no
longer be collimated. This causes the focal plame to be shifted away from the re-
flector. Furthermore, by reference to figure 70, it may be seen that the exit slit
1s shifted toward the reflector. Both effects are additive and cause the exit slit
to be out of the focal plane. This causes a change in both the intensity and spec-
tral distribution of the radiation passing through the exit slit. The following
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analysis presents a qualitative description of the effect by computing the size
of the blurred image of the entrance slit in the plane of the exit slit. This
is done for a wavelength equal to 1470k and an angle v equal to.0.2 degree which
is the estimated order of magnitude of Yy that could result trom a differential
pressure of 5 psi between interior and exterior of the optical compartment.

An equivalent thin lens system is shown in figure 71. Tt is intro-
duced solely for the purpose of making it easier to trace the rays in the system.
The parameters in figure 71 are defined as follows.

1]

h = height of entrance slit
a = angle of incidence of central ray on grating
@ = angle of reflection of first order spectrum
h'= image of h
d = spacing of grating
The direction of the first order spectrum is that for which the bp-

tical path difference between adjacent reflections is one wavelength and by ref-
erence to figure 71 is related to a, d, and \ by the following equation.

d sin® - d sinqg = A (15)

The change in angle of incidence (Ax) corresponding to light coming from the top
of the entrance slit h is given by

h
ba = 3 (16)
where
Ax = change in angle of incidence
f = focal length

Hence A8 is given by

d sin (8+A8) - d sin (+AQ) = A - (17)
(sin® cosA® + sinA® cosB)-(sina cosAa + sinAx cosa) = % (18)
since cosA8 & cosAam~ 1
sinA® = A® (19)
sinAa = Ax
8in & + AQ cos® - sin o - Aad cos @ = % (20)
cos
A9 = Ax cos 0 (21)
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The image (h') of h is therefore given by

h' = £fA8 (22)
' cosQ
h! = an'EE§§ (23)
cosQY "
h' = cosf (24)

The parameters of the system are:

d = 1/2880mm
h = Oosm
a = 15°

Substituting A\ = 14704 and the above values of a and d into Eq. (15) and
solving for 9 yields

6 = 43°
Hence the magnificaticu is given by

cOSs
cosax _ 1

cosf 032 (25)

If the system is defocused a small amount As the image plane will
be shifted an amount As'., 1In the absence of the grating, As' would be equal
te As. The effect of the grating is to magnify the shift by m, Hence for
small As

As' = 1.32 As (26)
By reference to figure 70

s = yd; (27)

0.120 inch
E =10 x 106psi (aluminum)

Based upon the above numbers, the value of Y, is
Yn = 0.0181 inch (29)
and the order of magnitude at vy is given by

_0.0181

Y 4.5 ™ 0.2 degree (30)
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Using the above value of vy and

dl = 2 inch
= 1 inch
=2
£/H# =3
h = 0.020 inch

The magnitude of As from Eq. (29) is

A8 = 0.0068 (31)
Hence

As _ 0,0068

h ~0.020 = 0-34 (32)
and

vd, 0.0034 :

h' = T.32(0.020) = 0-129 (33)

The effect of relative rotation of source-slit assembly with
respect to the optical assembly on the geometry at the exit slit is
shown drawn to scale in figure 72. By scaling from figure 72, the
expansion in the size of the image in the shifted exit plane at A = 14704
is approximately

= = 32%

Tdeally thé radiation:through’the extt slit should be monochromatic
at the -nominat analytical wavélength. For the assignad vialues &f the parameters,
the magnjtulle” of ‘the nominal wavelength falls by aboat 32 :percent. This is not
a serious coneideratiohd becsause -af the .high efiergies available.’ Howeidér, at the
same time, ddjatant wavelengths are smeared at':the exit slic plané,allowing some
radiation at adjacent wavelengths to pass through the exit slits. This is the
most significant effect, in that it changes the average absorption coefficient
and contributes to a measurement error. 1In summary, the defocusing effect
causes a broadening of the spectral distribution which can contribute to the
measurement error.
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.+¢. . Translational Motion of UV Sample Cell
If the source-slit assembly is translated in a directicon normal
to the optical axis and the axis of the cylindrical reflector, the image of
the entrance slit at any wavelength and the exit slit will travel in opposite
directions relative to each other. Hence, the average wavelength through the
slit will change. The magnitude of the change in A may be computed by per-

turbing Eq. (15) and thereby computing the increment in A due to 1ncrements
in o and 8. Hence from Eq. (15)

d sin(e+Ae) - d sin(a+pAQ) = A+ AA ’ ’ (34)

Expanding Eq. (34) by means of the identity

sin(A+B) = sinAcosB + sinBcosA (35)

and making small angle approximation for p8 and Ax yields
AN = A8 d cos8® - Axd cosa (36)

If now the source-slit assembly is translated an amount Ay then, by reference
to figure 71,

pa = - & : (37)
20 = + &2 (38)

Substituting the above into Eq. (36) yields

2% = % (cos® + cosa) (3%)

Substituting the values for d, £, @, and a into Eq. (39) yields

% = 1.99 A/mil (40)

If Ay were equal to the deflection of the case under a 5-psi pres-
sure differential (see Eq. (29)), the shift in the center wavelength at the
exit slit would be approximately

AN = 34A (41)

This shift in center wavelength may be compared with the tabulated error for the
oxygen channel to show approximately a 3./ percent error due to the translational
motion. With the water vapor channel, the clauye in wavelength should be con-
trolled to better than one A so thet the ¥equived velue of Ay should be less

than 0.0005 inch for 7.0 psi differeniis:
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.d. Sensitivity to Grating Rotation

By reference to (A), figure 73, the relation between angle of
incidence, direction of exit slit, and wavelength is given by

d sing - d sin a = A (42)
where
o = angle of incidence with respect to grating normal
§ = direction of first order spectrum with respect to
normal
A = wavelength

If the direction of incident radiation and position of exit slit remain fixed
while the grating is rotated, the increment in A for a rotation § is given
by (see (B), figure 73)

d sin(8-8) - d sin(@=§) = A+AN 43)

where

o
A

rotation angle of grating
increment in wavelength through exit pupil

Solving Eq. (43) for A\/§, using small angle approximations for §, yields:

%2‘: = d [cosa - cos@) (44)

Equation (44) is shown plotted as a function of angle of incidence in figure 74,
The value of @ in Eq. (44) is given by Eq. (42) as a function of a and \.

. From the curve of figure 74, it can be seen that the sensitivity to
grating rotation is approximately 12A/degree. Again, using the tabulated value
of 10A for the oxygen wavelength change, the rotation angle stability should be
bettar than 0.9 degree for a 1 percent measuremgnt.error. . The water :vapor -chan-
nel, which is more susceptible to the wavelength change, requires a rotation
stability of 5 arc-minutes. ' : - :

#+. Water Viapor Channel

; The: performance of the,water vapor channel remains untested due
primarily to difficulty encountered in establishing a proper test fixture. The
initial test system shown in figure 52 became saturated and did not provide re-
producible vapor samples. -

5. Hermetic. Sealing

The gas lines have been tested to 10 8 std cc/sec helium leakage rates.
The hermetic cover has been partially sealed but still exhibits leaks around the
electrical Feed-thrus.. During the sealing process, the hermetic covers did with-
stand a one atmosphere differential fressure with internal vacuum. The covers
have beea tested to 20 psia positive internal pressure.

e ¥4
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SECTION VI

RECOMMENDATIONS FOR FUTURE WORK

Phase I of the program established the feasibility of a recommended
design approach for a photometric sensor. Phase IIa established a base-line
design and Phase IIb implemented the design in the fabrication and test of four
units. Many of the detail difficulties experienced with the Phase IIa design
were solved during the fabrication phase. Additional difficulties with the de-
sign still exist and require additional work to implement their solution. The
design limitations appear to be well defined and their solution is straight-
forward. The proposed solutions, which can be accomplished by reworking the
existing hardware, consist primarily of changes to the mechanical mounts.

The work required may be summarized as follows:

a. Remount the UV sample cell, chopper, and monochrom-
ator on a single structure, which is independent of
deflections of the base housing or hermetic cover.
This change is necessary because the present config-
uration is subject to pressure induced deflections of
the base housing as discussed in Section V.

b. Magnetically shield the photomultiplier detector in
the UV channel.

¢. Increase the f/no. of the UV monochromator to de-
crease cross~talk between channels and allow a
higher voltage on the PM tube. This change is
accomplished by a smaller aperture in front of the
UV source.

d. Separate the UV sample cell to permit the sample
gas to enter the reference beam. This is shown in
figure 75.

e. Magnetically bias the discharge arc in the UV source
to stabilize its position. Some additional attention
may be necessary to determine the exact course for,
and the required changes to correct, the bistable
operation of the UV lamp.

f. Complete the seal of the hermetic cover.

There are no major recommendations for specific changes in the
circuit design as presently implemented. The circuits meet the requirements
of the system and perform satisfactorily. The unit has not been subjected
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to an EMI Qualification Test and therefore remains untried in this area.
Package redesign considerations could be made but are considered of second-
order importance to the program.

The CO, linearization is not completely adequate if a strict
linear output is required. Instead of the logarithmic compensation that is
provided, we feel that selection of a diode break point function generator,
having a 5 or 6 point compensation with adjustable slopes, would provide
sufficient linear output for any application., This electronic system
compensation would require approximately 2 cubic-inches of volume for an
additional 30 components. ,KThere also could be a modification to the CO,
Sensor channel to incorporate a gain variation as a function of pressure
by using the pressure transducer input. This would allow the CO, output
to be independent of total pressure.

The high voltage range for the photomultiplier has a control
range of 500 to 1600 volts with no changes in the present desiga. The tube
is now operating at between 1050 volts and 1150 volts. This voltage should
be increased to 1500 volts for better performance of the photomultiplier.
It could be extended to 2500 volts with minor modifications of the high
voltage supply.
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APPENDIX A

ERROR ANALYSIS OF NITROGEN DETERMINATION
SPECIFICALLY INCLUDING EFFECT OF CONSTANT
CARBON DIOXIDE AND WATER VAPOR LEVELS AND
TOTAL PRESSURE TRANSDUCER ACCURACY.



System Nominal Partial
Pressure Values (millimeters of Mercury)

H20 = 14.0
002 = 3.8
O2 = 181.0
N2 = 163.2
P total = 362.0

Define:

1

Percent (%) error in H20 pressure determination

N

€& = Percent (%) error in 002 pressure determination
€ = Percent (%) error in 02 pressure determination
€y = Percent (%) error in N2 pressure determination

™
]

Percent (%) error in Total pressure determination

Dalton's Law of partial pressures states that the total pressure
of a gas mixture is the sum of the partial pressures of the constituents

at the same temperature as the mixture. In equation form:

PT = PH + PC + P0 + PN

solving for the nitrogen partial pressure PN

PN = PT - P0 - (PH + PC)
Error in PN

P. -P._ - (P +P)]
_ _ (calculated) _ LT Oe He O¢
€N = % error in PN = PN Nominal x 100 = 163.2 x 100




_ i Poc i P + Pcf> X 100
€y "\ 163.2 ~ 163.2 1632

.
. T > . 362.0 Yo 1s1.0 P14 Fc 3.8
= |(=s70 163.2 ~ 181.0 *163.2 ~\ 14 * 163.2 * 3.8 * 163.2./| x 100

. . 362.0 _ 181.0 ( L 3
=% *763.2 ~ %0 * 163.2 €y X 1632 163.2

€. =2.218 & - 1.109 §o - (.08578 €yt .02321 ec)
Since errors may be positive or negative
leNl =|2.278 € - 1.109 eo - (.08578 Syt .02321 ec)l

|eyy| = |2.218 o] + i1.1o9 eol + ].0859 e |+ |.0233 ecl

at worst

basic
equation

= 2.218 & + 1.109 € * (.08578 ey * .02321 ¢

°N ¢’

where only positive signs are taken for the 7% errors

1. Assume all four gases are monitored with nominal errors €g = 2% €q = %

™
n

27, and &r = 1%. The nitrogen error is:

™
I

=2,218 x 1 +1.109 x 2 + (.08 578 x 5 + .02321 x 2) = 4.911%
(using 4 sensors)

2. Using constant CO_, and H20 values.

2

Under worst environmental conditi.ons,PH may deviate from 27.1

to 2.2 mm.



27.1 - 2.2 24.9
14 Nominal =~ 14

= 178% change or + 89%

Likewise PC may deviate from 7.6 mm to nearly 0.0 mm

7.6 = 0.9 60% ch + 1007
3.8 Nominal % change or * °

The nitrogen % error calculated for these worst conditions then is:

ey = 2.218 x 1 + 1.109 x 2 + (.0857 x 89 + .02321 x 100) = 14.39%

) and HZO Sensors)

and PH are deter-

(using no CO
The nominal error using constant values for PC

mined setting eH =¢, = 0.

ey = 2.218 x 1 +1.109 x 2 + (0O + 0) = 4.436%

3. Influence of total pressure transducer accuracy.

It is quite clear that the percentage error in the nitrogen
determination increases 2.218% for every 1% error in the transducer. Dif-
ferentiating the above basic equation with respect to the total pressure

error shows this directly.

o/

€

SEN' - 2.218
T
Using constant values for P and P . , the total pressure
H20 CO2

transducer accuracy required to keep the nominal error at 5% is:
5 = 2.218 € + 1.109 x 2 + (0 + 0)

2.218 & = 2.782

= 1.255% or ¢

T = 1‘1/470

ér
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If the total pressure transducer accuracy is not 1% but 1+1/4% the

nominal e, error becomes:

T av

ey = 2.218 x 1 1/4 + 1.109 x 2 = 5.000% previously 4.911%

The maximum possible e becomes:

=2.218 x11/4 +1.109 x 2 + (.08578 x 89 + .02321 x 100) = 14.95%
(Previously 14.39%)

N

Again, both these figures correspond to using no 002 and H20

sensors. If all four gas sensors are employed

oy = 4.911 + 1/4 x 2.218 = 5.4667
(Previously 4.911%)

A summary chart of the above points follows. An.additional

row has been inserted to give a four sensor nominal value of 5.007%

NITROGEN LEVEL ACCURACY Pressure
Transducer
Constant Values for Sensors for Accuracy
coz_lnd nzo ‘ .COZ - H20 - 02
Nominal Value Worst Envir- Nominal

onmental Value | Worst Value

E===============qL===============#================E==============T

| 4.44% 14.39% 4.91% +1%
4.45% 14.40% . £1.004%

[5200%] 14.95% 5.47% $1-1/4%

It 18 clear from this chart-that to hold the nominal nitrogen
error to Sl,a'lfllal transducer is tolerable when constant values of K0
and co2 aré used. But a 1% transducer is needed if the three gas sensor
technique is employed.



The advantage of the three sensor computation technique is that
the worst possible nitrogen error is 57 while that of the system using constant

values is 14.4%.

Transducer Requirement Conclusion:

In either event, whichever computation technique is used, the

transducer accuracy must be in the %17 neighborhood as shown above.
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