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TECHNICAL MEMORANDUM 78193 

AN INDUCED ENVIRONMENT CONTAMINATION MONITOR 
FOR THE SPACE SHUTTI.E 

I. I NTRODUCTI ON~ 

Edgar R. Miller 

When the decision was made to develop the Space Transflortatlon System 
(8TS) as a universal carrier for manned space science experiments, there was 
!!lUch concern from the scientific community, particularly the astronomers, 
whether the induced particles and gases environment would place limitations 
on the measurelnent pl'ogl'amsenvlsiolled for the 1980' s [1-1,1-2]. This concern 
stimulated a number of activities which include the identific8.tlon of potential 
contamination problems, the establishment of upper limits ofolnduced environ
ment .tolerable to experimenters, studies to assess the induced environment 
from current 8TS design, and recommended changes to achieve the desired 
background. ' 

Similar concerns had been identified during the development of the 
Skylab program which prompted a significant research effort to develop an 
understandiqg of the various mechanisms by which experiments could be cqm
promised and to estnblish the technology of contamination abatement through 
vehicle design and operational procedures. These efforts contributed to the 
successful operation of most of the Sltylab and Apollo Telescope Mount (ATM) 

o 

experiments. Some measurements of the molecular deposition and scattered,. 
light, background were made on Sltylab which confirmed that many of the pre
cautions taken were necessary. These measurements and related laboratory 
work indicate there is still llluch to be learne'd concerning the interactions 
between the spacecraft,the induced atmosphere, and tile ambient atmosphere. 

As a result of concern for possible contaminatioh from the induced 
environment, goals were established for control of particles and gases that 
would be emitted by the Space SlJuttle. To assure the goals have been met, the 
Induced Envh'onm6nt Conta.mination Monitor (IECM) (Fig. 1-1) was .. deslgned to 

.. provlde verification measurements of particles and gases during ground opera
tions, ascent, on-orbit, descent, and post-landing. These measurements are 
planned for all Orbiter Flight Tests (OFl" s) and Space labs 1 and 2. 
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Spacelab 1 provid~s the opportunity to obtain any additional contamina
tion from a short module-plus-pallet configuration, while ~pacelab 2 is planned 
as a pallet-only setup •. ~ 

A smaller version of the I~CM will be flown on the Long Duration 
Exposure Facility (LDEF) satellite to obtain'contamination,data on deployment 
and retrieval as well as ground handling of largo satellite paylor11is (Fig. 1-2). 
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II. STS CON TAM I NATION CONTROL REQU I REMENTS 

Edgar R. Miller 

Contamination control requirements were incorporated into the Space 
Shuttle Flight and Ground Systems Specification, Volume X [II-I] (referred to 
hereinafter as Volume X), by the Particles and Gases Control Panel (PGCP) 
as Shuttle design goals. These specifications were restated In the Payload 
Accommodation Document, Volume XIV [II-2]. 

The Contamination Requirements Definition Group (CFnG) was estab
lished with representatives from each user discipline, each NASA payload center, 
the Department of Defense~ and the European Space Agency. The CRDG indepth 
study for potential payloads established net requirements for the Space Trans
portation System (STS) that are similar to those specified in Volume X bu~ are 
more inclusive and definitive [II-3]. 

During orbital operations, molecules continually leave the spacecraft 
from leaks, vents, thruster firings, surface desorption, and material outgassing. 
These gases expand freely and eventually collide with the ambient atmosphere. 
However, their presence forms a tenuous artificial atmDsphere around the space
craft, sometimes referred to as a contamination cloud. This cloud has a 
molecular column denSity that on the average is much less than the residual 
ambient atmosphere at orbital altitudes. The composition, however, is such 
that the column densities of some species greatly exceed the natural environ
mentu The species of most concern are H20, CO2, CO, Hh OH, and a rich 
variety of silicone and organic polymers. Some of these molecules are of 
astrophysical interest, and their presence in the induced atmosphere in detect
able concentrations is undesirable. Other molecules may have absorption lines 
that could mask the line to be detected. Spectral resolution to' be used in the 
astronomical observations planned around Space Shuttle will permit detection of 
absorption lines with 0.0001 nm equivalent line width. Wit.l} this resolution, a 
1010 molecule/ cm2 column with a strong transition in the ultraviolet will be 
detectable. The preceding species are detectable at IOU to 1012 molecules/ cm2• 

The' CRDG reqUirements for column denSity are 1013 molecules/ cm2 for N2 + °2, 

1011 molecules/ cm2 for H20 + CO2, and 1010 molecules for all other species. 
Volume X requires 1012 H20/ cm2• 
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Anothe~ concern is the deposition of the heavier molecules, particularly 
the silicones, on optical surfaces. Such molecules become polymerized by 
the presence of energetic radiation and form a permanent brown film. A thick
ness of only a few monolayers ( .... 10-1 gm/ cm2) is sufficient to begin to cause 
Significant QIJtical degradation in the vacuum ultraviolet, whereas a film of up 
to 10-5 gm/ cm2 is tolerable on infrared optics or on thermal control surfaces. 

Most critical optical surfaces must of necessity be shadowed from any 
portion of the STS by light baffles. Such baffles provide ~xcellent protection 
against direct line-of-sight transport of molecules leaving an outgassing sur
face that might otherwise deposit on the critical S1~rface. Some molecules can 
arrive at a surface protected in this manner by making one or more collisions 
with other molecules in the contamination cloud or by colliding with an ambient 
atmospheric molecule. For the expected number densities associated with the 
STS, collisions with atmospheric molecules will be the dominant return mElchan
ism. For surfaces at ambient temperature (""300 K), the CRDG requirement 
specifies that no more than 10-5 gm/ cm2 of material shall deposit during a 
30 day mission on an unprotected surface (27T sr acceptance) and no more than 
10-7 gm/ cm2 shall deposit on a surface with 0.1 sr acceptance angle during a 
30 day mission. A layer of 10-'1 gm/ cm2 should produce less tha~ 1 percent 
degradation for the expected contaminants over most wavelengths from the far 
ultraviolet to the far infrared. For cryogenic surfaces, there is an additional 
concern stemming from the large amounts of H20 in the induced environment 
which will condense at cryogenic temperatures. The CRDG requirement speci
fies that such a surface with a 0.1 sr acceptance angle shall accumulate no more 
than 10-5 gm/ cm2 in a 30 day mission. Volume X expresseo this requirement 
in terms of a limit of 10-12 molecules/ cm2/ s backscatter flux. This flux would 
result in a total molecular deposition of 4.1 x 10-6 g~/ cm2 after 30 days, 
assumi,ng a unity sticking fraction. 

The presence of particulate matter in the vicinity of the spacecraft has 
been observed on all manned space missions. Also, many unmanned spacecraft 
have observed "false stars" which turned out to be particles that came from the 
spacecraft. The concern from the potential scientific users is twofold: the 
occasional large particle that moves through the field-of-view and produces an 
unwanted signal, and the possible production of a cloud of extremely fine particles 
that scatter sunlight and increase the background brightness. 
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Infrared ~stronomy is the discip~ine most troubled by the sporadic 
particles. The 1.5 m cryogenic infrared telescope can detect the blackbody 
radiation from a slow-moving 5 J.l. particle at a distance of several kilometers. 
An occasional particle can be identified and removed from the data, but the 
process is trine consuming and results in a partial data loss. If such occur
rences were frequent, the data loss ~uldJ?ecome significant. The CRDG 
criterion calls for fewer than one such particle entering a 1.5 x 10-5 sr field-of
v~ew per orbit~ 

The CRDG requirement limiting the production of unresolved particles 
is based on the rationale that the background brightness from scattered light 
should be no more than 10 percent of the natural sky background from 155 to 
1000 nrn. The natural background was measured in the ultraviolet through the 
visible by Witt and Lillie and is approximately equivalent to 10"'13 B(!) in the 

ultraviolet and 6 x 10-14 B(!) in the visible. Therefore, the ~'equired background 

",prightness is 10-14 B® in the ultraviolet and 6 x 10-15 B(!) in the visible. Volume 
, ") -

X states this as "a 20th magnitude star per square arc second in the ultraviolet 
region." This is equivalent to 10-

12 
B®. 

To limit the number of particles carried into orbit from ground opera
tions,. cleanlineSs precautions are exercised during ground activities in the 
form of HEPA filtered purge gas and controlled work discipline. Volume X 
requires that payload surfaces be kepr visibly clean during this operation. The 
€'RDG requested an additional requirement for better than a'lOOK environment 
at all times and control of purge gas to produce no more than 10-6 gm/ cm2 

nonvolatile residue (NVR) on the surfaces. The preceding contamination con
trol r~quirements are summarized in Table II-I. An excellent summary review 
of Space Shuttle induced contamination concerns, as'well as specific effects of 
this environment on a sensitiye infrared telescope, has been given by Simpson 
and Witteborn [11-4]. Leger, et ru. have discussed Space Shuttle contamination 
analysis and control [II-5]. 
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TABLE IT-I. SUMMARY OF CONTAMINATION SPECIFICATIONS AND MEASUREMENTS 
REQUffiEMENTS, PRELAUNCH THROUGH ASCENT 

Contamination Specifications 

Air Temperature: 70 + 5°F 

Humidity: 30 to 50% 

Purge Gas Class 100, Guaranteed 
Class 5000, <15 ppm Hydrocarbons 

Purge Gas Produce <10-6 gm/ cm2 

Condensibles on Surfaces 

Control Work Discipline to Main
tain Surface Cleanliness at Level 
300 A (Visibly Clean with <10-6 

gm/cm2 NVR) 

Maintain Particle Count <lOOK in 
Vicinity of Payload 

Specific 
References 

A,B 

A,B 

A~B 

B 

A,B 

B 

Measurement Required 

Temperature and Humidity 

Temperature and Humidity 

- Trace Gas Analysis 
- Aerosol Count and Size 
- Distribution 

NVR Deposition 

- Aerosol Count and Size 
- Distribution 
- Dust Fall Measurements 
- NVR Deposition 

- Aerosol Count and Size 
- Distribution 

References: A. JSC 07700, Vol. X, Paragraphs 3.6.12.2.4.1-5. 
B. CRDG Requirements Document, Paragraphs 4.1 .. 2-10. 

r 
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o TABLE II-I. ( Continued) 

Specific 
Contamination Specifications References Measurement Required 

Molecular Column Density Less Than: 
- 1012 H20/ cm2 A Molecular Column Density 
- 1011 H20 + CO2/ cm2 B 
- 1013 N2 + od cm2 B 
- 1010 Other molecules/ cm2 

Scattered/ Emission Light Background 
Less Than: 
- m = 20 Star/ s2 (10-12 B in A Background Spectral Intensity u @ 

ultraviolet) 
- 10-14• 2 B in Visible 

Gl 
B 

- 10-14• 0 B@ in Ultraviolet B 

- 10-11 W / m2J sri nm A < 30 IL B 
-10-10 W/m2/sr1/nm A> 30IL B 

Fewer Than One 5 IL Particle per A,B Particle Size and Velocity 
Orbit in 1.5 x 10-5 sr Field-of-View Distribution 

References: A. JSC 07700, Vol. X, Paragraph 3.6.12.2.4.6. 
B. CRDG Requirements -Document, Paragraph 4. 2. 
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TABLE II-l. (Concluded) 

Specific 
Contamination Specifications References Measurement RequIred 

Molecular Return Flux Such That: 
-H20 < 1012 molecules! cm2/ s A - Molecular Return Flux 
- Deposition 10-7 gm/ cm2/30 days B - Molecular Deposition on an 

0.2 sr on 300 K Surface Ambient Surface 
- Deposition 10-5 gm/ cm2/ 30 days B - Molecular Deposition on an 

271" sr on 300 K Surface Ambient Surface 
- Deposition 10 -5 gm/ cm2/ 30 days B - Mol'::,~ular Deposition on a 

0.1 sr on 20 K Surface Cryogenic Surface 
I 

- Degradation of Optics 1% A - Degradation of Optical Surfaces 
I 

- -- ... _- --- -- - --- -- ---_ .. _------- -- I 

References: A. JSC 07700, Vol. X, Paragraph 3.6.12.2.4.6. 
B. CRDG Requirements Document, Paragraph 4. 2 • 
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III. IEeM INSTRUMENTS 

Edgar R. Miller 

For the Demonstration Flight Instrumentation (DFI) on the Space Shuttle 
Orbital Flight Tests (OFT's) and the Verification Flight Instrumentation (VFI) 
on Spacelabs 1 and 2, the IECM will consist of ten instruments: (1) Humidity 
Monitor, (2) Dew Point Hygrometer, (3) Air Sampler, (4) Cascade Jmpactor, 
(5) Passive Sample Array, (6) Optical Effects Module, (7) Temperature
Controlled Qu~rtz Crystal Microbalance (TQCM), (8) Cryogenic Quartz 
Crystal Microbalance (CQCM), (9) Camera/Photometer, and (10) Mass 
Spectrometer. 

c )!"~Jtor9peFattoh with the Remote Manipulating System (RMS) , . the Induced 
E'g;vironnlent Contamination Monitor (IECM) will be mounted on a Release 
~~echai/ism (REM) (see Appendix) and will utilize an additional instrl.lment 

If ' '/ /( Plun)le Pressure Gauge) to map Vernier Rocket Control System (VRCS) engine 
~ plum~~,characteristics. 
f \\ 
" ij , 

\\, "\The I:m,CM for the Long Duration Exposure Facility (LDEF) comprises 
, the Opiical Effects Module, Passive Sample Array, TQCM,' and CQCM to deter

urine contamination levels and effects during off-line buildup of a satellite, in 
the Shuttle bay environment, and during satellite deployment. 

Sections IV through XIII present a detailed discussion of each lnstrument, 
including 6bjectives, description, performance, data and data analysis; and 
operations. ','IA quick-reference Specification summary for each instrument Is 
gi ven at the \~!1~, ()1 each section • 
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IV. HUMI 01 TV MONITOR 
UECMOI) 

Henry W. Parker 

A. Objective 

HurAidity measurements will be made while the vehicle is in the Earth's 
atmosphere to produce a humidity/temperature profile of the environment 
within the cargo bay of the Shuttle. The Humidity Monitor will measure the 
relative humidity from 0 to 100 percent with an accuracy of ±4 percent over a 
temperature range of 0 to 70°C. The temperature measurement (0 to 100°C) 
will be made by a thermistor located within the humidity' sensor mounting. 

B. I nstrument Description 

The monitor is an off-the-sllel1version of the Model 2000 built by 
Thunder Scientific Corporation, Albuquerque, New Mexico. Minor modifica
tions were required for use on the Induced Environment Contamination 
Monitor (IECM). 

The sensing element of the Humidity Monitor is a Brady array which 
uses a bulk detector developed by Thunder Scientific Corporation. According to 
the manufacturer, it responds to th7 presence of H20 molecules in a specially 
prepared crystalline lattice with interstitial spaces through w~ich these mole
cules can drift freely. The lattice structure of the array vibrates at a frequency 
which is a submultiple of that of the water molecule. As additional water mole
cules intercept and penetrate the interstitial spaces of the array, bonds are 
distorted, causing energy to be released to the free electrons within the struc
ture. The structure then conducts, decreasing in resistivity as more electrons 
enter. No molecular bonds are broken. However, they are under extreme 
stress and tend to act much as would a series of stretched rubber bands. There
fore, when the array is abruptly moved from an environmeht of high moisture 
content to one of lower moisture content, the array reacts immediately (almost 
explosively) as the bonds, under extreme stress at a higher humidity level, 
return to a new or original position. The water molecules within the interstitial 
spaces are literally thrown out of the structure, resulting in response times of 
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better than 250 ms to the lower value of relative humidity or moisture level. The 
Brady array can be exposed to extreme temperatures and vacuum environment 
without impairing its ability to sense water. There are no known interferences 
that are sensed as H20, and it appears to be resistant to all major contaminants. 

A thermist<>r is contained in the array to provide temperatur'e data. 

The instrument can sense a O. 1 percent change in humidity, but hysteresis 
and thermal compensation limit the overall accuracy to ±4 percent over the 
entire temperature range. 

The monitor consists of an oscillator, detector, and linearlzer elec
tronics. The detector acts as a coupling device between the oscillator and 
electronics (Fig. IV-I). The temperature measurement uses a thermistor 
and linear electronics to give a measurement from ooe (0 V) to 100 el e (5 V). 

OSCILLATOR 
(1000 Hz) 

THERMISTOR 

DETECTOR 
(BRADY ARRAY) 

LINEAR 
ELECTRONICS 

LlNEARIZER 
ELECTRONICS 

Figure IV-I. Humidity Monitor block diagram. 

The sensor is mounted in the manifold of the AIr Sampler, and the air 
flow is provided by a pump supplying air flow for the continuous sampler. The 
sensor is mounted at a convenient position to sample the input air to the air 
pump. The electronic controller is mounted at aconvehiEmt location wlthhi the 
Air Sampler. ' 

The sensor will be separated from the control unit. The electronics 
control unit, sensor, and mount will weigh approxImately 1.68 kg, and the size 
of the electronics Is 9.4 x 13.2 x 4.06 cm. The senSor is inside a TO-5 tran
sistor can and mounted within the Air Sampler manifold. The l'esponse curye 
shown in Figure IV-2 is for a standard sensor with no attempt made to select a 
near-linear device and without associated signal conditionIng (unconditioned 
calibration) • Careful tailoring of the manufacturIng process yields sensors 
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Figure IV-2_ Typical response curve for a standard sensor. 
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with a typical, linear unconditioned curve as shown.' Incorporatiqn of a sign~l
conditiotling module with zero offset results in a response curve withgoQd 
linearity, beginning at zero for zero moisture ( or relative humidity) and 

. extending to 5 Vdc output for 100 percent relative humidity. 

The input will be 28 Vdc into a dc-to-dc converter. The power require
ment for the system is approximately 4W. 

, The humidity will be measured over a temperature range of Oto 70,oC. 
The system has a storage temperature of -55 to 1250 C. 

AU calibration is done, by Thunder Scientific Corporation. The lineariza
tion of the amplifier system is performed for a range of temperature conditions 
from 0 to 50°C. Calibration verification will beperformed.prior to each flight. 

, ',' 

c. Performance 

The accuracy of the Brady array typically is better than ±4percent 
indicated relative humidity over a range of 0 to 100 percent relative humidity. 
The worst case hysteresis, under the most extreme temperature, humidity, 
and time exposure approaching a reading from above, below, or randomly, is 
±4 percent indicated relative humidity. 

The Brady array has been tested over temperature extremes ranging 
from -200 to 425°C without destruction of the sensor. Although at these extremes 
it is not known exactly what humidity c0nditions the array experiences, it has 
been determined that at both extremes the array continues to.operateand 
recovers quickly when removed to ambient temperature~, 

The array has also been exposed to altitudes ranging .from sea level to 
150 km (500 000 ft) and to a vacuum of 10-4 Nlm2 (1 x 10-6 torr). In all 
instances, whether exposed for hours or days to these conditions, the array 
began to indicate moisture immediately when metered amounts of ambient atmos
phere were 'admitted to the vacuum. Other sensors require considerable thlle 
to ~espondonce desiccated by vacuum to this degree. Pressure tests with very 
dry nitrogen (up to 65 psi) indicate that the array does not exhibit pressure 
sensitivity. Based on the construction characteriStic~ of the array, it maybe 
assumed that much higher pressure could be tolerated without damag~~ The 
Brady array is not flow sensitive and may, if required, be operated Without any 
mechanical ventilation or, in still environments, with the same equivalent 
accuracies. 
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ResponSe characteristics of the Brady array can be modified through 
"manufacturing processes and methods of signalconditloning toellhance sensi
tivi(y and linearity. 

D. Data 

One data channel will be required for the relative humidity measurement. 
The output will be 0 to 5 Vdc,· with 0 Vdc" representing 0 percent humidity and 
5 Vdc representing 100 percent relative humidity. The IECM data system will 
store the data to a resolution better than O. 5· percent. 

One data channel will be required for temperarure data. The temperarure 
data will be 0 to 5 Vdc, with 0 Vdc representing O°C and 5 Vdc representing 
100°C. "The IECM data system will store the data to a resolution of better than 
0.5 percent. 

A computer will be required to read the data from storage and transcribe 
it as a graph of humidity versus time and temperature versus time. 

E. Ope rati on 
The Humidity Monitor will operate in a cohtinuous mode from prelaunch 

through launch and as long as the vehicle is in the Earth's atmosphere. It will 
be in a standby mode (no power) while the Shuttle is in orbit. The unit will be 
again in the operation mode during reentry and landing. Data will be recorded 
during the transport of the Shuttle from California to Florida. The unit should 
have a warmup time of 10 min for best accuracy. Prior to each flight, the 
sensor will be cleaned, and a calibration check will be performed. 

F. Command Requi rements 

Power shall be removed from the instrument after the Shuttle leaves the 
Earth's atmosphere and reapplied at least 10 min before the Shuttle reenters 
the Earth'~. satmosphere. 

18 
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INSTRUMENT SPECIFICATION SUMMARY 
HUMIDITY ,MONITOR 

Physical Characteristics: 

Weight
Sensor -
E1!=lctronics -- 1.68 kg 

Total 1.68 kg 

Dimensions -.. 
Sensor - 1 cm. diameter x 1 cm 
Electronics - 13.2 x 9.4 x 4.06 cm 

Power Requirements: 4 W 

Performance Data: 

Data output - 0 to 5 Vdc 
Sample rates ..... ' 6/ min 
Resolution - ±O. 5% 

i) 

Accuracy - ±4% ; typical ±2% over range of 0 to .70 0 C 

, ' ~ , 
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V. DEW PO I NT H YG ROMETER 
(IECM02) 

Henry We Parker 

A. Objective 

The Dew Point Hygrometer will measure the dew point of the air sur
rounding the Induced Environment Contam.ination Monitor (IECM). The measure
ments will be made prior to launch and as long as the vehicle is within the 

. Earth's atmosphere, including ascent, reentry, and landing. 

B. I nstrument Description 

The new Point Hygrometer was built by EG& C; Inc. ,for the:::o.Skylab 
program. The units on the 1ECM:oare retrofit from the Skylab program. The 
Dew Point Hygrometer is located as part of the Air Sampler system; the sensor 
is located within the air manifold of the Air Sampler. 

The functional block diagram for the Dew Point Hygrometer system is 
shown in Figure V-l. The sensor unit shown in the diagram contains a mirror 
surface which is thermally bonded to a small thermoelectric cooling module. 
The module, when excited 'with direct current of proper polarity, causes heat to 

, be pumped from the mirror/-and thus lowers the temperature of the mirror sur
face. As the mirror terrip~'rature reaches the dew point, the process of con
densate formation on the mirror surface commences. The presence of the con
densate on the mirror surface causes the mirror's characteristic light reflection 
to change. The mirror surface is illuminated by an incandescent source in such 
a fashion that the change in reflectivity is detected by the direCt and bias photo
cells which develop a difference voltage that unbalances the photoelectriqbridge. 
The change in voltage is applied to the input of the operational aruplifier; !!which 
in tUrn controls the direct current supplied to the thermoelectric cooling module 
in direct proportion to the input signal. Using this proportional direct current 

. to excite the cooier, causing the mirror to become cooler when a decrease in· 
. condensate occurs, the system will stabilize and control about a particular dew 

layer thickness. A thermistor connected in a bridge network provides a voltage 
through an amplifier that represents the temperature of the mirror, which'is at 
the dew point temperature. 
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Figure V-I. Dew Point Hygrometer system, function block ','3.iagram. 
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The sensor, weighing 0.14 kg (8 oz), will be sep~rated from the elec
tronic control u~it. The electronic control unit weighs 1.7010 kg (3 lb 12 oz). 
See Figures V -2 and V -3 for the physical dimensions. 

The sensor is mounted in the manIfold of the Air Sampler system. The 
air flow will be provided by a pump supplying air flow for the continuous Air 
Sampler. The sensor is mounted at a convenient position to sample the input 
air to the air pump. The electronic controller is mounted to the frame' of the 
Air Sampler. 

The hygrometer will operate on 27.5 Vdc nominal in the 22 to 30 Vdc 
range. The power consumption is 5.5 W maximum steady-state power at 
23.9°C (45°F). Power for maximum cooling at 5 percent relative humidity 
is9.5W. 

C. Performance 

Measurements will be made over atemperature range of -6. 7°C (20°F) 
to 26. 7() C (80° F) with an accu~acy of O. 5° C •. The time for a 63 percent response 
to a 11. 7°C (20°F) step change in dew pOint tewperattire is nominally 10 s. The 
instrument is designed and calibrated for an operating temperature range (dew 
point) of -6.66°C (20°F) to 26.66°C (SOO'F) with a nonoperating temperature of 
-28.0°C (-20° F) to 70.1 ° C (160°F). The unit case is black anodized. The 
design requires no cold plate for temperature control. 

D. Data 

The output data will require a channel with a 0 V to +5 Vdc signal, with 
o V representing a dew point of -6. 7°C (20°F) and +5 Vdc representing a dew 
point of 26.7° C (80°F). The data system will store the data with an accura,cy 
of bette,r than O. 5 percent. A second data channel will be 0 to 5 V, representing 
the balance condition within the instrument. 

\ ". 

\. " 

A computer will be retjuired to read the data from storage and trllnscribe 
it as a graph of dew point and humidity versus time and temperature versus 
tiIpe. 
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Figure V-2. Dew. Point Hygrometer. 
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E. Operation 

The Dew Point Hygrometer will operate in"'a continuous mode from pre
launch through launch as long as the vehicle is in the Earth's atmosphere and 
will be in a standby mode (no power) while the Shuttle is in orbit. The unit will 
be in the operation mode prior to reentry, and data will be recorded during 
reentry and landing. The unit should have awarmup time of 10 min. Power 
shall be removed from the instrument after the Shuttle leaves the Earth's 
atmosphere and reapplied at least 10 min before the Shuttle reenters the Earth's 
atmosphere. 

The Dew Point Hygrometer will need a verification of calilJration prior 
to each flight. The sensor head will also require cleaning, and a humidity 
calibration facility will be required . 

. .. 
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INSTRUMENT SPECIFICATION SUMMA,RY 
. DEW POINT HYGnOME'rER \1 

Physic1J.ICharacteristics: 

Weight -
Sensor - 0.14 kg 
Electronics - 1. 70 kg 

Total 1.84 kg 

Dimensions -
Sensor - 7.21 x 4.1 x 4. 1cm 
Electronics - 17 .• 22 x 17. 22x 10.9. cm 

Power Requirements: 

Normal operating mode - 5. 5 W 

Maximum ( transient) Mede - 9 W 

Performance Data: 

Data output - 0 to 5 Vdc 
Sample rates - 1/ min 
Resolution - ±O. 5% 
Accuracy -- 1% over range of -6. 7 to 26. 7° C 
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VI. AIR SAMPLER 
(I ECM03) 

Palmer N. Peters and Howard B. Hester 

A. Objective 
The objective of the Ail' Stunpler is to determine the gaseous coutruni- :. 

nants in Ule cargo bay area of the Space Shuttle during orbital missions. Ba-cli-: 
cally, the l'eqUirements c~m be categorized into three groups: (1) gl'ound
btl.sed, (2) asce.nt, nnd (3) descent sampling phases. During the ground-based 
sampling, the presence of orgnnic alld silicone polymers such as hydraulic 
fluids, phthlnte esters, lubricants, methyl silicones, silo~'a.l1es, etc., is of 
most concern. During ascent the pl'imary interest is in HOI frolll the Solid 
Rocket Booster (SRB) plume as weU as hydrocarbons and silicones. During 
descent the gaseous sources of greatest COllcerll are expected to be nitrogen 
compounds sllch as NH s' NO , tUld HNO , resulting from reentry effects on x x 
the adhesives for the Thermal Protect.ive System (TPS); hydrocarbons and 
silicones can rusa be sampled during descent. 

The main emphasis will be on obtaining bOUl qualitative and quantitative 
analyses of a broad rang-e of polymers and of the specific reactive species 
described. The results of these analyses will be combined with other Induced 
Environment Contamination Monitor (IECM) data to model the environment of 
the cargo bay area during various stages of flight. 

B. I nstrument Description 
The Ail' Sroupler is n new development using' available techniques and 

components as much as possible. The instrument is being designed and built 
by Spacecraft, Inc., Huntsville, Alabama. 

1. Sampling Concepts tUld Constrrunts. As Originally enviSioned, the 
Air Sampler was to use mnny evacuated bottles which would momentarily open 
on commalldto capture gllS samples ns a function of time (grab samplel'). 
After prototype grab sampler bottles had beeu studied, it was determined that 
sllch a system was too complex nnd too e~'Pellsive to be flown. WhUe the tem
pOl'al inforullltioll of the grab sampler can have high resolution and fue evacuated 
bottle has advantages for llse at high altitudes, fue excessive voltulle required, 
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the grab sample bottle for periods of weeks or months before launch, it is 
necessary to USe a high-integrity seal; a normally closed pyrotechnic valve was 
chosen for this application. 

Retention of reactedspecies is not a problem; however, the choice of 
specrfi'c surfaces, their preparation, and the final analyses of the reacted sur
fades presented several problems. Most reactions for analysis of HCI and the 
nitrogen compounds rely on the presence of water; since water vapor is a con
stituent being measured by the IECM, and since there is no guarantee that 
sufficient water will be present for completion of the reactions, alternative 
reactions have been examined. The reaction of HCI and Ag20 does not require 
a water base and was chosen for this species. Because the nitrogen compounds 
can be analyzed by nonwater-based reactions with ruthenium chloride and 
ruthenium carbonyl, these matenals were chosen. Because of the requirement 
to have a highly reliable, stable, and reproducible technique for producing the 
active surface, the original idea to use coated quartz wool was abandoned. 
(Finding satisfactory coating procedures, concern over release of fine particles, 
and calibration difficulties were factors in the decision.) The use of strongly 
adherent thin film coatings on sturdy substrates solves most of the aforemen
tioned problems, and the use of photoelectron analysis enables sufficient 
sensitivities and the ability to identify chemical species; however, the reduction 
in surface area by the use of thinly coated, flat substrates requires a greater 
effort to obtain high sensitivities yet avoid saturation effects. 

2. Air Sampler DeSign. As shown in Figure VI-I, the Air Sampler con
tains five exchang-eable bottles. With the exception of bottle number 3, which 
uses an evacuated grab sampler, the bottles are connected to a pumped manifold. 
Two V!ton diaphragm pumps are connected in parallel to the manifold, and two 
bottles are operated simultaneously with balanced flow rates. A small fraction 
of the pumping capacity is shared with the Dew Point Hygrometer and Humidity 
Monitor. (The location of the Air Sampler within the IECM is shown in Figure 
I-I. ) 

Th~ throughput of the pumps can be simply described as the product of 
the pressure and the pumping speed; however., several factors complicate deter
mining the throughput for the bottles. The pumping speed varies somewhat with 
pressure difference across the pump as well as with absolute pressure. Due to 
depressurization of the cargo bay with altitude, the throughput of external gas 
passing through the bottle will decrease even faster than the pump's throughput 
since expansion of gases from the bottle will negate some of the external volume 
required by the pump. Best estimates .indicate that for a pressure difference 
AP ~ 1200 N/m2 (5 in H20), each of the chosen pumps should provide approxi
mately 45 torr literl s throughput at standard atmospheric pressure, with the 
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_ORIFICE 

HUMIDITY MONITOR 

VALVE TYPE NUMBER 

. , 

.......-- VALVES 

~.,.'" 
~. 

I . BOTTLES 

.......-- VALVES 

~.~ . 
. -

. VALVE DESCRIPTION 

o 
o 
o 

LATCHING SOLENOID VALVE, VITON SEAL 

~ SEALED 

Figure VI-l. Schematic of Air Sampler bottles and valves. 
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throughput decreasing during depressurization. At approximately 0.25 atm 
(2.7 x 104 N/m2, or 200 torr), the pumps will no longer be effective. Since this 
pressure is reached approximately 60 s after lift-off, the ascent bottles' valves 
are commanded to close at this time. Approximately 1300 torr liters per bottle 
should be sampled during this period of 1 min, with half of this amount collected 
in the first 16 s. This corresponds to 1. 7 standard liters, which is over twice 
the sampling bottle volume. Above this crossover point for the pump, a different 
collection scheme is required; i.e., the evacuated grab sampler located in 
position number 3. 

The sample bottles, shown enclosed within the covers in Figure VI-2a, 
are baSically the same for all locations except for valving deSign and contents. 
The bottle volume with tubulation is approximately 0.75 liter; the bottles are 
constructed of stainless steel. Following cleaning, passivation, and vacuum 
baking, the contents are loaded. 

Depending on their function (condenSible or reactive sampling), the 
bottles are loaded with oleophyllic adsorbents or reactive surfaces. Each 
adsorbent and its holder are discussed in detail separately. 

3. Hardware Description. The hardware is shown in Figure VI-2. A 
number of constraints as well as design philosophy led to the existing hardware. 
A major probl~m existed with valve selection, and previous attempts by others 
to develop a bottle with specially designed valves for this miSSion were not con
Sidered sufficiently successful to permit manufacture at an acceptable cost level. 
Basically, it was concluded that no commercial valve existed which could be 
commanded to open and close repeatedly and yet guarantee a high-integrity seal 
for long periods of time. The selected latching solenoid valve has the bistable, 
repeatable operation-on-command features but cannot guarantee high-integrity 
seals, while the pyro valves have a unique single-shot operation with higher seal 
integrity. The solenoid valve has Viton seals, the normally closed pyro valve 
shears off the end of a sealed tube, and the normally open pyro valve drives a 
metal plug into an opening. 

The Air Sampler was originally designed for the Orbital Flight Tests 
(OF'r's) under severe monetary and time restrictions but only mild mass con
straints. However, subsequent decisions to fly the IECM on additional flights 
having larger payloads has increased the constraints on the masses of the IECM 
instruments. The decision to use basically one bottle design with different valve 
configurations does not provide the least massive hardware but does simplify 
manufacturing details and provides greater convenience in mounting and removing 
the bottles from the pump and support frames. The size of the inner bottle was 
dictated by the volume needed for r;rab sampling at low pressures and the 
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original intention of using a large volume of coated quartz wool. The subsequent 
deciSion to abandon the use of quartz wool in favor of platelets could allow a 
reduction in size of some of the bottles, but only with added expense and sched
uling problems; the size reduction would be small, at best, Since the available 
valves, their tubulations, mountlng details, etc., would still result in a reason
ably large volume. Any changes in the outer cylinder housing the bottles and 
valves could complicate mounting designs. If each unit had different lengths, 
it would be more difficult to provide proper bottle and valve supports, the correct 
intake and exhaust port pOSitions, simple electrical conn~::ctions, and easily 
accomplished mounting and demounting operations; also, the interchangeability 
would be more restricted. The use of passivated stainless steel for the bottles 
is based on the requirement that the bottles for the reactive samples should show 
little or no reactivity to HCI. HNO , etc., and the preference not to use large, 

x 
fragile glass bottles. The passivation will utilize phosphoric acid and avoid 
hydrochloric and nitric acid treatments to minimize any possible confusion 
about outgassing of these components during long storage of the evacuated grab 
sampler. Some reduction in mass could be accomplished by using lighter weight 
materials for nonreactive bottles. Thus, the additional complications in using 
separate designs and the added cost and time involved has to be compared to the 
existing design in which complete units can be plugged in and pulled easily for 
quick turnaround and in which all iiltakes, exhausts, and electrical connections 
are at common levels. 

If weight problems exist with flights after the OFT's for which the Air 
Sampler was designed, and redeSigns are desired, it might be easier to detach 
the bottle deSigns from the IECM and place adsorbent filters in the vent lines 
used to exhaust and repressurize the cargo bay on ascent and descent. The 
throughput would be large and representative of species present throughout the 
bay. 

A second major problem in hardware deSign involves the pump used to 
increase the throughput. Remaining within size and power constraints while 
obtaining a reasonable pumping speed and operating range reqlii.red considerable· 
effort. A positive displacement rotary pump was originally considered bpt 
eventUally discarded because of cost and other "difficiiltfes. -.. ~ ....... -.. .. 

.! 

A commercial diaphragm pump driven by a brushless dcmotor has been 
modified for this application and performs in a similar manner to the rotary 
pump. The modifications to meet flight requirements necessitated: (a) hand 
fitting replacement bearings of Kel-F, (b) replacing the eccentric with Kel-F, 
(c) conformal coating of the printed circuit board with acceptable material, 
(d) replaCing wires using Teflon insulation, and (e) incorporating electrical 
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noise filters in the line. While completely satisfactory for ground sampling 
operations, the ascent sampling suffers from the depressurization problem 
(discussed separately), and the pump is effective only at low altitudes (during 
the first minute of ascent) ; grab samplers have to be used at higher altitudes 
during ascent. 

c. I nstrument Performance 

1. Sampling of Condensibles. The best method of determining volatile 
species is gas chromatography (GC). Nanogram quantities can be detected, 
and the use of a mass spectrometer (MS) detector permits the detection of 
orders of magnitude smaller quantities. The combination of these two instru
ments (GC/MS) can provide a highly sensitive and selective device; however, 
the volumes that this instrument can accept are quite small. It is necessary 
that the unknown condensibles be concentrated to obtain optimum performance. 

Adsorption onto appropriate large area solid surfaces is the most 
efficient enrichment technique. Solvent extraction or thermal desorption can 
subsequently be used to regenerate the adsorbed species for analysis, with 
thermal desorption being preferred for the present application. During the 
thermal desorption phase, care must be exercised that proper materials and 
procedures have been adopted to minimize any erroneous outgassing of con
taminants that were not collected. 

Appropriate adsorbents having sufficient surface area, inertness, and 
thermal stability are required. The adsorbents selected are: (a) Tenax GO, 
a thermostable polymer with a recommended upper temperature limit of 400°0, 
and (b) Spherocarb, a carbonaceous molecular sieve used as a backup in tandem 
with the Tenax GO. These materials do not create outgassing problems and are 
packed in Pyrex tubes which are removable for insertion into the thermal desorp
tion system. Other materials, such as Teflon, Viton, stainless steel, and 
aluminum, al;'e chosen for the assembly in the bottles to mi~mize any internal 
contamination. 

The specific retention volume, Vg, of a given compound on a selected 
adsorbent is an important quantity to consider in the measurements. The Vg 
data must be larger than the anticipated sample volume to assure total adsorp
tion. If the sOl'bent is not overloaded, an exponential relationship exists between 
Vg and the reciprocal of the absolute temperature: 

log Vg = a(~) -I- b 
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where 

and 

Vg 

Vg = specific retention volume at T O Kelvin (ml) 

t = nonadjusted retention time (s) 
ms 

t = dead time (s) 
m 

F = flow of carroer gas (ml/s; 760 torr, 20 °C) 

j = Martin factor (pressure drop volume correction factor) 

W = weight of sorbent (gm) 

T = absolute temperature (T 0 Kelvin) 

a = slope of linear relationship 

b = intercept. 

For specific compounds and sorbents, Vg can be determined and compared to 
the anticipated sample volumes. If the results indicate that the enrichment 
device needs to be excessively large, Tenax can be coupled in 'tandem with 
another more active adsorbent but not mixed. In practice, retention volumes 
depend on the total amount of substances adsorbed, and excessive loading can 
result in displacement effects; in such cases, heavier substances may displace 
lighter, more volatile species, biaSing the analysis toward the less volatile 
unknowns. Most displacement difficulties should occur for the ground sampling 

a es where long integration times are involved. For that reason, some of the 
round samplin times will be fairly short to assure an accurate representation 
f specie • Control of the flow by calibrated a rtur s and known pumping 

char cteri tics I Incorporated into the sample r deSign, and pr ecaution r 
being taken to avoid problems with the specific retention volumes of anticipated 
contaminants • 
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Carefully packed absolute quantities of the adsorbents will be prepared 
so that all sample tubes will have essentially the same permeability within a 
narrow range to simplify calibrations. Well-sealed, leak-checked joints and 
the determination of flow rate as a function of vacuum and pump characteristics 
will insure improved accuracy. After each flight, the system will be taken 
apart, cleaned, and charged with conditioned adsorbent tubes for the next flight. 
Highly purified air will serve as a sample gas for a blank of the entire system, 
and the retention behavior for a large number of candidate substances will be 
established in advance, allowing predictions of recovery yields (see Table VI-I 
for examples of recovery Yields). It is known from previous experiments that 
no sample alteration occurs upon storage under reasonable conditions; however, 
a control experiment will be undertaken to verify sample integrity under some of 
the post-flight storage conditions [i.e., temperatures up to 60°C (140°F)]. 

Some potential difficulties are: (a) retention behavior of low boiling 
point compounds if excessive temperatures are involved (if air flow is restricted 
after collection, the possibility of loss will be reduced); (b) high water content 
could result in condensation insi(]e the adsorbent tube, requiring dry gas purging 
and some sample loss; (c) very ;i,Jolar substances are extremely difficult to 
analyze; thus, substances such ru~ mathanol could not be determined qualitatively; 
(d) the limited outgassing can usually be identified and subtracted using blank 
samples; (e) in layer traps with several adsorbents, the absolute amount of a 
substance must be obtained by addition; and (f) very reactive polar or thermo
labile substances may be changed or lost; the probability is unlikely but possible 
with any kind of sampling procedure. 

2. ApprOximation of the Sensitivity of the GC/MS Analysis for Various 
Conden$.ibles. The sensitivity of these measurements will depend upon a number 
of factors: the recovery fraction for the specific hydrocarbon or other material 
(Table VI-I lists a number that have been measured), choice of the kind and 
amount of adsorbent (too much can add to the background), and the GC/MS 
instrument and operating techniques. The in-house GC/MS has a membrane 
separator and is very sensitive ('" 10-12 g) for a number of hydrocarbons; 
however, it accomplishes this sensitivity at the expense of resolution. Since 
the unknown samples are likely to be quite complex, the initial analyses will be 
performed under contract using an instrument of lower sensitivity but higher 
resolution. Typical spectra of environmental contamination, solvents, Cigarette 
smoke, etc., indicate that recoveries up to apprOximately 90 percent can be 
expected down to 10 ng using the correct amount of Tenax GC adsorbent for a 
given sampling task. Slightly higher sensitivities might be possible by modifying 
techniques, if necessary. For a moderately low molecular weight material 
(22.4 gm), a liter of vapor at standard temperature and pressure (STP) would 
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TABLE VI-I. RECOVERY OF SELECTED COMPOUNDS ON TWO 
. ABSORBENT TUBES CONNECTED IN SERIESa 

Conditions: tube, HH x 2.2 mm I. D.; filled with Tenax GC, 60-HO mesh; flow rate, 
80 ml/min for 12 min; sampling temperature, 22-26"Cj desurption temperature, 320j 
amount of single component, 30-100 ng. ' 

BP 
Recovery rnb 

Compound MW (oC) Tube 1 Tube 2 LostC 

Alcohols 
Methanol 32 65 < 2 < 4 >90 
Ethanol 46 79 < 3 < 5 >90 
Isopropanol 60 82 55 20 25 
I-Hexanol 103 ]58 >90 < 5 < 5 
]-octanol >95 < 5 < 3 

Ketones 
Acetone 58 56 35 25 40 
Methyl isobutyl ketone 100 117 95 < 5 < 3 
2-0ctanone ]28 173 95 < 5 < 3 

Alkanes 
n-Pentane 72 36 35 30 35 
n-Hexane 86 69 65 20 15 
n-octane 114 126 >95 < 5 < 3 
n-Decane 143 174 >95 < 5 < 3 
n-Tetradeeane 198 254 >95 < 5 < 3 
n-Octadecane 255 316 >95 < 5 < 3 
CycJohexane 84 8] 75 15 10 

Alkenes 
1-0ctene ]]2 12] >95 < 5 < 3 

Esters 
Ethyl acetate HH 77 65 25 10 
Butyl acetate 116 ]26 >95 < 5 < 3 

H alogenaled hydrocarbons 
Dichloromethane 85 40 15 20 65 
Chloroform 119 62 85 10 5 
Bromoform 253 ]50 >95 < 5 < 3 
T richlorolrifl uoroelh:me 187 478 15 ]5 20 

Aromatic hydrocarbons 
Benczene 78 80 65 30 5 
Toluene 92 III >95 < 5 < 3 
Ethylbenzene ]06 ]36 >95 < 5 < 3 
Cumene 120 152 >95 I < 5 < 3 
Mesitylene 120 165 >95 < 5 < 3 

a. Table from G. Holzer, J. Oro, and W. Bertsch, "GC-MS Evaluation of Exhall:ld 
Tobacco Smoke," J. of Chromatography, vol. 126, 1976, pp. 771-785. Similar 
measurements are being utilized in the Air Sampler. A 3.5 liter sampled volume 
(apprOximately the vilal capacity of lung) identificd a number of species at 1 ppb. 

b. Average results from 3 runs. 

c. Calculated by difference. 
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contain approximately 1 gm; since approximately 10-8 gm is detectable, recovery 
of approximately 90 percent indicates that nearly 10 ppb is detectable if 1 liter of 
gas is passed through the adsorbent, and higher sensitivities are possible for 
greater throughput until breakthrough occurs. For longer integration times on 
the ground, larger quantities of the adsorbent are used to minimize breakthrough 
(in addition, a backup adsorbent in tandem is used to further reduce break
through problems). 

The greatest problem involves collection at the reduced pressures during 
ascent. Above 13 km (40 000 ft) the pumps used to pull gas through the adsorb
ents are ineffective; and at the lowest pressures (apprOximately 133 N/m2 or 
1 torr), evacuated sampling bottle volumes of approximately 1 liter would be 
needed to obtain sensitivities to condensibles in excess of 10 ppm. At least for 
OFT-I, ascent samples are not planned for condensibles above 13 km. If the 
Passive Sample Array or other experiments suggest that excessive condensibles 
may have been present at the higher altitudes, then grab sampling or other 
sampling techniques will be attempted for the high-altitude condensibles on 
future flights. 

For descent sampling, it is planned that complete evacuation occur in 
orbit before descent; thus, the repressurization of the cargo bay will aSsist in 
filling the bottles, and the pumps will increase the throughput at higher pressures. 
Using the previous recovery fractions and sensitivities, it should be possible to 
detect the order of 10 ppm after reaching a pressure of a few hundred Newtons/ 
meter2; and as the pressure increases, unknowns present in smaller amounts 
should be detectable, with the ppb range being reached near ground level. 

3. Sampling of Reactive Species. Compared to the sampling of con
densibles, the reactive sampling is specific. Since one is not at liberty to 
introduce water, which is common for most of the reactions .determining vapors 
of acids and bases, specific surfaces have been chosen to react with the antici
pated contaminants in a predictable manner without water. The reacted samples 
can be subsequently analyzed to verify the qualitative result~ and to determine 
the quantitative information. 

For the sampling of RCl, which is expected during ascent, platelets 
(approximately 2. 5 cm2 active area each) coated with several thicknesses of 
Ag20 will be used; the thicker coatings will be required if unusually high con
centrations of HCI exist that might saturate the Ag20 films. Four platelets will 
be held in place in each container bottle, with three spacer platelets separating 
these four. The three spacers can be either blanks or coated surfaces1 supplied 

1. Teflon electrets are being investigated for use as spacers to collect and 
study particulates present during grab sampling. 
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by other investigators, as long as they do not interfere with the function of the 
Ag20 platelets (optical surfaces, etc.). Opening of the sample container and 
transfer to the analyzer chamber will be in a dry argon atmosphere. Samples 
of exposed platelets with AgC1/ Ag20 surfaces will be analyzed on a photoelectron 
spectrometer equipped with a pulst.~ height analyzer readout and position-sensitive 
detector. The surface layer will be analyzed for Ag (3d 1/2 shell), 0 (is shell) , 
and 01 (2p3/2 shell). The intensity of tbe 01 Signal (10 min accumulation) will 
be referenced against the Ag signal (1 min accumulation) and the ratio compared 
to a calibration curve for 01/ Ag. The calibration consists of running six con
centrations of HOl/N2, 10, 25, 50, 100, 200, and 400 ppm. A I-liter glass 
bottle containing the HCl/N2 will be vented into an evacuated sample bottle; the 
sample bottle will be closed after dosing and allowed a 1-h reaction time after 
which the samples will be analyzed as described previously. In-depth analyses 
of heavily reacted films can be obtained by sputter etching during analysis if 
necessary, and subsequent analyses with a scanning electron microscope and 
X-ray energy dispersion analyzer can be used to verify the distribution (non
particulate, etc.). 

Sampling of nitrogen compounds, whioh are expected during descent, can 
be obtained by reaction with ruthenium compound .surface co~~~~gs. Ru013, 

Ru( 00) x' and RU( OH) 3 react strongly with NO x/NH3 compounci~'~" Identical 

platelets and holders will be used as previously described, except for the platelet 
coatings. Similar analyses and calibration procedures will be used in deter
mining the Ru( 3d5/2 shell) and N( IS shell) intensities. Also, the N( IS) peak 
will show the type of nitrogen present as N(n) , N(IV), N(V), and NH

S
' 

Different oxidation states of nitrogen will be retained intact by the ruthenium 
surface. These will be distinctly resolved by the X-ray photoelectron analysis. 
Both quantity and type of nitrogen will thus be analyzed. Oali~rations will be 
pel'formed with mixtures of NO, N0

2
, and NB 3• 

4. ~proximation of the Sensitivity for Analysis of Reactive Species. 
Approximate sensitivity measurements have been made2 using photoelectron 
spectroscopy. Treated, evacuated glass bottles containing the samples were 
dosed to pressures ranging from 133 to 665 N/m2 (1 to 5 torr) with various ppm 
of the reactive species. The observed sensitivities are approximately 10 ±5 ppm 
at present, and the addition of recently purchased and Government-furnished 
instrumentation (newer detector and multichannel analyzer) is expected to 
improve the sensitivity further. Tests are in progress to determine if the pasSi
vation process for the stainless steel bottles will be satisfactory or if gold plating 
or other coatings will be necessary. 

2. Dr. D. Zatko, University of Alabama, Tuscaloosa, Alabama. 
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Based on a 200 N/m2 (1.5 torr) pressure (at SRB staging altitude) , 
0.75 liter bottle, and 10 cm2 reactive surface area (four platelets of approxi
mately 2.5 cm2 each), the following calculation can be made: 

0.75 liter 
x 6.02 X 1023 moleoules/mole x 10 ppm 

760 torr 
1 r- to 22.4 liter/mole 

.::> 1'1' 

~ 5 x 10-14 reactive molecules 

Reacted over 10 cm2 this amounts to approximately 5 x 10-13 molecules/cm2, 

which indicates that for 10 ppm to be detected at 200 N/m2, the measurement 
should be sensitive to considerably less than 0.1 monolayer (possible), and the 
reaction needs to show a strong preference for the sample surface and not the 
bottle (by design). As long as reaction with the walls is small, reduction of 
the sample area should increase the surface denSity of the reactant, but some 
trade-off with statistics provided by a llUlnber of samples is involved. Also, 
a wider range of measurements without saturation effects is provided by larger 
areas. It should be possible to accommodate concentrations of Hel in the range 
of hundreds of ppm at 200 N/m2 and still have a high sensitivity. Knowledge 
gained between flights should also allow optimization of platelet surfaces for 
sensitivities required during selected sampling periods. 

5. Summary. The anticipated valiety of gaseous contaminants and 
collection conditions requires a diversity of collection and analysis techniques. 
Condellsibles are concentrated by adsorption on oleophyllic adsorbents and sub
sequently analyzed by GC/MS techniques. Specific reactive species are reacted 
with carefully chosen surfaces and subsequently analyzed f.rom X-ray generated 
photoelectrons. 

As listed in Table VI-2, it is expected from the designed sensitivities 
that all anticipated contaminants to be monitored (Project Plan, IECM) can be 
detected if present at the listed levels or greater. 

Each sampling phase (ground operations, ascent-~ow altitude, ascent
high altitude, and descent) has its own unique problems which have been examined 
and solved to an extent that is reasonably compatible with other system require
ments (Size, complexity, power requirements, scheduling, and costs). , 
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~ TABLE VI-2. AIR SAMPLING BOTTLE CHARACTERISTICS 
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Bottle Primary 
Location Sampling 
Numberb Function 

1 A. Condensibles, 
ground 
operations 

B. Condensibles, 
descent and 
post-flight 
prior to 
access 

2 Condensibles, 
ascent 

3 HCI, grab 
.:;ampUng 

4 HCI, ascent 

5 Nitrogen com-
pounds, descent 

a. See Appendix. 

b! See Figure VI-1. 

Estimated Valve Types 
Sensitivities 

a 
Usedb 

:s10 ppm None (manually 
capped) 

Altitude Latching 
depen.dent, solenoid 
10 ppb to 
TO ppm 

Altitude Two Pyro N.O. 
a 

and latching dependent 
solenoid 

10±5 ppm at Pyro N.C., 
1 to 5 torr latching solenoid 

10±5 ppm at Two latching 
1 to 5 torr solenoids 

10±5 ppm at Two latching 
1 to 5 torr solenoids 

; 

Bottle Contents ! 

I 

Tenax GC, Spherocarb, 400 m~ 
I 

each in tandem 

I 

Tenax GC; Spherocarb, approxi-
ma.tely 75 mg each in tandem 
. 

Tenax, GC, Spherocarb, approxi- . 
mately 75 mg each in tandem 

Ag20, coated platelets 

Ag20, coated platelets 

Ruthenium compound, coated 
platelets 

,..., , ... 
~% 
~~ <6 7. ;p ~. 

~~ 
~~ 
~'(j\ 
.;t. 

I 
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D. Operation 
Ten bottles will be available for ground sampling in the number 1 loca

tion. These have no valves but are manually capped and uncapped. Five bottles 
are intended for each mission, with the other five serving as backup bottles and 
for rotation (measurements and refurbishment will alternate with mission 
operations, with five in each cycle). Five preflight operational periods have 
been identified: (1) an early period at the Orbiter Processing Facility (OPF) 
location, (2) during the last 2 weeks before leaving ,the OPF, (3) at the Vertical 
Assembly Building (VAB) after mounting on the Mobile Launch Platform, (4) an 
early period after transfer to the launch pad, and (5) during the last week before 
closeout for flight. Variations in these operational periods may occur in later 
OFT and Spacelab flights based on knowledge gained from the first flights. 
Measurements are being considered during the transit from the OPF to the VAB 
because of concern expressed by experimenters about the environmental tempera
ture and humidity during this time. 

For typical contamination levels, between 10 and 100 standard liters can 
be pumped through the 400 mg of ground sampling adsorbent before worrying 
about saturation effects. The ground sampling throughput will be controlled by 
pump operating time and capping and uncapping. A total cumulative time of 
approximately 10 min is permitted during each operational time. This integrated 
sampling will be logged for operating and capping events. Much longer integra
tion times can be accomplished by increasing the adsorbent mass at the expense 
of having optimum measurement conditions for determining low concentrations. 
Early results could dictate additional adsorbent mass in later flights if unusually 
high contaminant concentrations are observed. 

At the last access a condensible sampling bottle with latching solenoid 
valves will be mounted in location number 1; all bottles will be uncapped, and 
the pyro valves will be armed. The Data Acquisition and Control System (DACS) 
will open the latching solenOids on number 2 and number 4 bottles. After 
approximately 1 min, when the pumps cease to provide throughput, the normally 
open pyro valves on number 2 bottle will be fired to provide high -integrity seals 
for the condensibles, and the latching solenoids will close on number 4 bottle, 
containing the gases sufficiently long for any HCl present to react with the 
specific adsorbent. Number 3 bottle's normally closed pyro valve will be opened 
immediately after SRB staging, filling this evacuated grab sampler bottle; 
shortly thereafter, a latching solenoid on the number 3 bottle will close to con
tain any HCl for reaction. 
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cent bottles (canden ibl ampUng in location 1 and re ctlon 
s Un in loc on 5) ill haY th ir 1 t oL oid valve 0 n d in the 
high vacuum of orb t ciently 10 to sur th od vacuum e st in the e 
bottle. Dud dent, the pump, blch was turned off r its effectlvene s 

-L for humidity point m asurement quirem n wer met, wlll be turned 
on n th cargo b y pressurizes. Another role for looation 1 is to subse-
quently provide post-flight ground sampling of conderislbles before access to the 
bay area 1s permitted. 

1 

I 



". 

t 

h 
1, 
.~ 

~i 
~" . 
~'( 
'., 

.f 
(, 

""'""""....-~-.... \.~".,~.~ 

INSTRUMENT SPECIFICATION SUMMARY 
AIR SAMPLER 

Physical Characteristics: 

Weight 
Sensor - 40 kg 
Electronics - ..l kg 

Total 41 kg 

Dimensions - 18 x 76.5 x 72.9 cm 

Power Requirements: 

Operational mode - 28.6 W (no valves) 
Standby mode - 11.6 W (no pump) 
Total with one pyro firing - 168.8 W for 50 ms 
Total with one electromagnetic valve - 67.6 W for 100 ms 

Perfonnance Data: 

Data output - Samples to lab + voltages 
Sample rates - See discussion in text 
Resolution - See discus/-.ion in text 
Accuracy - See discussion in text 
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VII. CASCADE IMPACTOR 
(I ECM04) 

Billy J. Dun 

A. Objective 

The C c e Imp ctor provl s d rmln Uon of conc ntraUon and 
p cle ize di tribu on, a function of time, of u nded contaminants in 
th p cecraft environment. In ddition to the cascad st ge , the impactor 
measur th amount of airborne nonvol tile resldu (Nvn) for molecules with 
suffic ntly high tickln coefflcient at the temper ture environment encountered. 

uremen ar In 
of th pac t' P ticulat 
periods as w 11 s the des ent 
provide data throughout th m1 the on-orblt phase. 

B. I nstrument De cription 

c nt 
tag 111 

Imp ctor w originally develop d by Celesco, Inc., Irvine, 
Callforni , with prototype unit delivered. The company was subsequently 
di olv d, and other proposal for unit production ere not Ithln bud t ry 
con tralnt. Therefore, th d cl ion w m de to fly the prototype unit, with 
testin , modifications, Integr tion, etc., bing handled in-house at Marshall 

p li ht center. 

"\..: 

.l 
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instrument will operate in a differential mode so that an instantaneous rate of 
change of crystalline frequency is proportional to volumetric particle con
taminant concentration. 

Each stage of the Cascade Impactor consists of a pair of 10 MHz "AT"-
cut quartz crystals operating in a modified Colpitts oscillator circuit. One of 
the crystals is used as a sensing element, with the other as a reference element 
so that the output signal is a beat frequency (difference). In addition to the reduced 
bandwidth of the beat frequency and the resultant Simplification in data signal 
handling, temperature compensation advantages are obtained by having the refer
ence and sensing crystals in proximity. Coupled with the nearly zero temperature 
coefficient of the HAT"-cut crystals, this added compensation minimizes thermal 
effects. The hybrid mixer-oscillator chip completes the small electronic module, 
so that only low audio-frequency signals need be transmitted from the sensor head. 

The reference crystal is mechanically shielded from the incoming con
taminant particles; thus, the beat frequency output is proportional to the mass 
deposited on the sensing element due to the piezoelectric property of quartz. 

In each stage, the airborne sample particles are accelerated through a 
flow nozzle directed toward the sensing crystal surface which acts as an impact 
plate in close proximity to the nozzle. The accelerated particles are acted upon 
principally by,two forces: (1) inertia, which tends to cause impact on the 
crystal, and (2) aerodynamic viscous drag, which tends to turn the particle 
along flow streamlines, thus miSSing the impact plate and proceeding to the 
next stage. 

The nozzles are sized for particle discrimination such that each stage 
has a 50 percent probability of impact for particles of 5, 1, and O. 31J. diameter, 
respectively. Actually, for jet impactors of this nature ther.e is a minimum 
particle size below which impaction does not occur and a maximum size above 
which all jet particles impact. The range of partial impaction is very narrow, 
so that each stage effecti vely separates the jet particles into, two size ranges. 

The impact probability is a function of a dimensionless ratio of the 
system parameters: 

= f(5) Pi IJ.DN 
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lip = density of particle (gm/cm3) 

v = flow velocity (cm/s) 

D = particle di.ameter (cm) 
p 

f.1. = fluid viscosity (poise) 

DN = diameter of nozzle (cm) 

and the nozzle diameter to impact plate spacing ratio. 

The impact plate spacing is usually made as small as possible without 
limiting nozzle flow; thus, the preceding equation serves to analyze system 
functioning. It can be seen that P; increases as the function increases (i.e", 

. 1 

the inertial forces dominate the viscous forces). As the particle size decreases, 
for a given density and viscosity, the velocity must increase and/or the nozzle 
diameter decrease to maintain 50 percent impact probability. By arranging the 
fluid flow through the stage nozzles in a series stream of decreasing jet sizes 
and increasing flow velocity, a particle size spectrometer is obtained. An 
exploded view of a typical cascade stage is shown in Figure vn-l. 

In the first stage (NVR) microbalance, the sensing crystal is mounted in 
a plug-in module which is sealed behind the crystal to avoid contaminants from 
the stage cavity depositing on the back of the crystal. The reference crystal is 
installed in a hermetically sealed can and thermally joined to ~e stage housing to 
equalize temperatures between the sensing and reference crystal. A thermistor 
is attached to the plate adjacent to the sensing crystal with thermally conductive 
epoxy to measure the crystal temperature. 

stages two, three, and four are essentially identical in design, with the 
obvious differences in nozzle size for different particle size cutoffs. The 
principal stage component is a plug-in module containing the nozzle, sensing and 
reference crystals, and the oscillator/mixer hybrid chip. This module plugs 
into sockets in the sidewall of the stage housing. The stages are hermetically 
sealed and isolated from each other as they are screwed together during 
assembly. 
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The air pump is a three-vane rotor-type blower fabricated of chromed 
surface aluminum and graphite rotor blades. The pump is powered by a 28 V, 
two-phase synchronous motor. A hybrid motor controller with integral oscillator 
provides the 28 V, 240 Hz, two-phase quadrature signal to the motor. 

The power conditioner is mechanically housed in a separate container of 
stainless steel which is clamped adjacent to the senSing unit and interconnected 
with short cabling. A separately housed input filter network provides electro
magnetic interference protection. 

The Cascade Impactor and the power conditioner are mechanically 
supported in brackety (Fig. VII-2) which attaches to the Induced Environment 
Contamination Monitor (IECM) package so as to prOvide a 27r solid angle 
unobstructed field-of-view for the NVR stage. Figure VII -3 shows a general 
assembly view. 

Each stage of the four-stage cascade contains two crystals which are 
active elements in an oscillator circuit. The two crystal frequencies are mixed 
in a field effect transistor mixer. The oscillators and mixer are in the form of 
a hybrid chip in a T05 plug-in package which is close-coupled to the crystals in 
each stage. The oscillator/mixer chip receives 12 Vdc power from the power 
conditioner and provides the beat frequency from each stage to the data collection 
system of the IECM. Additional details on the design of the Quartz Crystal 
Microbalance (QCM) sensors are given in Sections X and XI of this report. 
Voltage regulation and power for the oscillators/mixers are supplied by the unit 
shown schematically in Figure VII-4. 

c. I nstrument Performance 
1. NVR Stage. The basic sensitivity of the "AT"-cut quartz piezoelectric 

crystal, operating at 10 MHz, is 4.43 x 10-9 gm/cm2 Hz. This stage measures 
accumUlation of mass of contaminants whose rate of deposition exceeds the rate 
of evaporation (escape). The active area of the crystal is 0.3'166 cm2; therefore, 
the scale factor is 1.5 X 10-9 gm/Hz. Initial offset. beat frequency will be set at 
approximately 1000 Hz; thus, the 12-bit resolution of the IECM data system will 
limit the dynamic range to 4.5 X 10-6 gm (12 bits - 4000 counts, 3000 counts + 
1000 count offset) • 

2. Cascade Stages. The cascade stages operate in a differ~ntial mode, 
so that the rate of change of beat frequency is proportional to mass concentration 
of particles in the sample space; i.e., 
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Af/At = SQ x 10-6 
A 

where 

C A = ambient concentration (J..l.g/m3) 

Af/ At = beat frequency shift rate (Hz/min) 

S = crystal sensitivity (Hz/J..l.g) 

QA = volumetric flow (ml/min) • 

The crystal sensitivity is the same as for the NVR stage (1.5 X 10-9 
gm/Hz - 666 Hz/gm) ; Q A has been designed, in conjunction with the desired 

nozzle pressure drops, to be 250 ml/min through the pump. 

:.C
A 

Ai 106 

= At (measured) • 666 x 250 = 

Sampling rates vary from 6/min to l/min, with the same 1000 count zero offset 
and 12-bit dynamic range considerations. The particle spectrometric charac
teristics, since particle cutoff diameter is a function of nozzle size, pressure 
drop, and flow rate, were empirically determined by the manufacturer. The 
resultant particle diameters for a 50 percent cutoff probability· for the individual 
stages are shown in Table VII-I. The individual stage cutoff characteristics 
are shown in Figure VIT-5. 

TABLE VIT-1. MASS SPECTRAL CHARACTERlSTICS 

Stage Particle Diameter (J..l.m) 

2 5 

3 0.816 

4 0.248 
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D. Data Reduction and Analysis 
The data reduction requirement is fairly simple, consisting of provision 

of a temporal history of the four measured mass accumulations from the four 
frequency recordings, as corrected by the temperature recording and the pres
sure data. Output will be received in the form of a 12-bit binary word propor
tional to the beat frequency between the sensing and reference crystals. 

The preflight and post-flight data [recorded on ground support equipment 
(GSE) as opposed to the flight recorder j will be printed out in raw data form. 
Selected data will be manually recorded and processed as deemed necessary at 
the site. The flight data (ascent and descent phases for the cascade stages plus 
on-orbit phase for the NVR stage) will be recorded digitally by the IECM data 
system together with data from other IECM instruments. Data tapes will be 
provided each experimenter, with identification required to s.trip out data from 
the particular experiment (in this case, the Cascade Impactor). In addition to 
the raw data tapes, some capability may exist for prOviding the analyst limited 
data processed in the form of plots or tabulations of mass depOSitions from the 
frequency data. 

The trapped particulate matter on the cascade stages will be analyzed 
following the refurbishment process utilizing a scanning electron microscope. 
Size distribution and concentration for each of the cascade stages will be deter
mined by examination of the scanning electron n1i.croscope direct photographs. 
Ad<Utionru chemical mlruyses may be performed using X-ray attachments to the 
scanning electron microscope. 
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Refurbishment between flights will include replacement of each of the 
four stage modules (consisting of the sensor crystal, reference crystal, and 
oscillator/amplifier integrated circuit) with previously prepared modules main
tained in the Space Sciences Laboratory, Marshall Space Flight Center. This 
will allow time for disassembly of the flown modules for analysis of the collected 
particulates. 

E. I nstrument Operation 

Data will be taken once per minute for 5 min each hour at specified 
opportunities from the time the system is operational at Kennedy Space Center 
until apprOximately T -48 hours. Recm'ding will be on hard-wired GSE instruo 
mentation through the T umbilical. The prelaunch data will be stored on "floppy" 

o 
disk provided by the rECM data system, with hard copies aVailable as desired. 

The data rate will be increased to 6/min a few minutes prior to lift-off 
and remain through ascent (approximately 80 s). Data will be recorded digitally 
on board for later reduction and analysis. 

During orbit, the data rate will be reduced to l/min, with on-board 
recording throughout the miSsion. Only tbe NVR stage will be collecting useable 
data on-orbit; the cascade stages will continue to function electrOnically and be 
read out, but the pump will be inoperative. 

During descent, the data rate will again be increased to 6/min and will 
continue for 1 11 after hUlding. The cascade stages will again be functioning 
normally during this mission phase. 

Auxiliary data will consist of an absolute pressure profile (from the Air 
Sampler) and rECM temperature history. MiSSion time will be available for 
corollary studies of the impactol' data with related events (thru~ter firings, 
attitude changes, etc.). 
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INSTRUMENT SPECIFICATION SUMMARY 
CASCADE IMPACTOR 

Physical Characteristics: 

Weight -
Bracket 1.7 kg 
Sensor - 2.3 l{g 
Electronics - hl kg 

Total 4.5 kg 

Dimensions -
Bracketry - 18 x 20.5 x 12.5 cm 
Sensor - 36 x 6 x 9 cm 
Electronics - 11 x 6.5 x 2 cm 

14 x 10 x 3 cm 
Overall - 36 x 20.5 x 12.5 cm 

Power Requirements: 

Operating mode - 10 W 12 W al 
average pe ( 

Standby mode - 3.0 W 

Performance Data: 

Datf./, output - recorded frequency and samples for lab analysis 
Bit rates - 4.8 bits/s 
Resolution - 1 count - 1. 5 X 10-9 gm 
Accuracy - 30 x 10-9 gm 

'\' .. ' 
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VIII. PASSIVE SAMPLE ARRAY 
(I ECMOS) 

Roger C. Linton 

A. Objective 

An array of optical samples will be exposed to the natural and induced 
environments of the Space Shuttle cargo bay and the Long Duration Exposure 
Facility (LDEF) for later return and analysis on the ground to evaluate the 
optical effects of contamination. The Passive Sample Array is an integral 
component of the Induced Environment Contamination Monitor (IECM) on all 
designated flights. Inclusion of the Passive Sample Array in the IECM permits 
the greater scope and range of analysis required to more fully assess the 
physical mechanisms of degradation due to deposited contaminants. 

Historically, "witness" samples passively deployed for collection of 
contaminants have provided valuable information at minimal cost and system 
or program impact, whether for ground-based thermal vacuum systems or 
in-flight spacecraft. The IECM Passive Sample Array is a modified outgrowth 
of the Passive Contamination MOnitoring Device developed by Marshall Space 
Flight Center's Space Sciences Laboratory for deployment during preflight 
activities of the Apollo Telescope Mount (ATM) [VIII-I]. Design goals were 
Simplicity, economy, modularity, and redundancy. The Passive Sample Array 
is indeed totally passive, all stainless steel construction, so that it cannot itself 
be a source of contamination if proper handling procedures are followed. 
Modularity is achieved by including eight trays of samples in the array, each of 
which can be individually removed and replaced rapidly. Red~dancy to insure 
statistically meaningful results is obtained by duplication of samples of a type 
in the array. 

The samples are measured in the laboratory prior to eXperiment integra
tion. Control samples are included in these measurements and are then stored 
in a controlled, "clean" environment. Following retrieval of samples, whether 
during preflight activities or after the flight, the measurements are repeated 
and the analysis is based on any encountered changes. 

Optical measurements will encompass the spectral range 100 to 250 nm, 
with primary emphasis in the vacuum ultraviolet. Guest sample positions are 
available, many of which have already been reserved. In general, the Passive 
Sample Array offers opportunities for many types of investigations; those 
measurements that are planned are deemed most appropriate to the objectives 
within the limited resources available. 
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B. I nstrument Description 
The Passive Sample Array contains optical mirrors, filters, and sub

strates, mounted in trays of six samples each. There are eight trays in the 
array. Figure vm-l shows the loaded Passive Sample Array configuration, 
with one tray lifted for clarity. 

The sample holder (Fig. vm-2) , machlned from stainless steel with . 
six 2.54 cm (1 in.) diameter depressions, contains the designated optical 
samples. The samples are preceded and followed in the tray receptacles by 
Teflon gaskets to minimize strains on the samples themselves and to eliminate 
the cracldng and chipping that would otherwise occur. Next in the assembly is 
a retainer plate containing six holes of a diameter only slightly less than that of 
the samples to restrain the samples yet allow a clear field-of-view for maximum 
sample surface area exposure. The retainer plate is etched in a manner to pro
vide identification of the tray with the samples within. One hole in each con
tainer plat""' is modified so that a small additional area of one sample is covered 
at all time"" for reference measurements of thin film thickness. The final 
element in the tray assembly is the solid, thin cover for protection of the 
samples in ground handling when exposure is not required. A thin cover for 
the entire array is provided for additional protection during shipment. The 
retainer plate is secured to the sample holder tray by threaded screws with lock 
washers and lock nuts to insure integrity during launch and reentry. Each tray 
is held to the array franlework by flush-mounted Camloc fasteners with quarter
turn locking. The receptacles are riveted under the edge of the array~ Access 
to individual trays on the ground is obtained by loosening the two Camloc 
fasteners and lifting. 

The Passive Sample Array is flush-mounted at the top of the IECM, with 
Virtually no shadowing of any samples in the array by the Passive Sample Array 
hardware itself. A washer-type thermistor is mounted under one tray, using 
part of the retainer plate hardware, to provide a verification of the thermal 
design. The total. weight of the sample array is 4.5 kg, with the center-of-mass 
at the geometric center and a few millimeters below the top surface. The 
Passive Sample Array experiment is designed for equally rapid access to 
indi vidual trays or the entire array. 
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C. I nstrument Characteristics 

Sample Selection Rationale. Optical samples chosen for the Passive 
Sample Array were required to meet one basic constraint; they must not, them
selves, be potential sources of contamination. This constraint eliminates con
sideration of many thermal control coatings, for example. Largely, the samples 
have been chosen for stability to the projected natural environment of the Space 
Transportation System (STS) , for performance in the spectral range or type of 
measurement planned for analysis, and for applicability of results to candidate 
optical materials for future STS payloads. 

The samples presently planned for inclusion in the Passive Sample Array 
are given in Table Vm-l. Each tray will contain one eaah of three primary 
mirrors selected: platinum, gold, and magnesium fluoride overcoated aluminum. 
Platinum and gold mirrors are exceptionally stable to natural degradation over 
periods of years. Their optical properties are well known [vnI-2, VIII-3] , and 
their susceptibility to contamination, therefore, is somewhat predictable. 
Magnesium fluoride overcoated aluminum is also a very stable mirror composi
tion, with the highest reflectance of any material in the vacuum ultraviolet. 
Telescope, spectrometer, and other optical instrumentation comprising pro
jected and future STS payloads will doubtless contain optical elements of these 
three materials. Careful analysis of properly executed measurements should 
lead to meaningful extrapolation of results to such instruments. 

If the encountered contamination deposits as a uniform thin film, prior 
knowledge of the optical constants of the three primary Passive Sample Array 
types of mirrors could lead to projections of degradation for all known types of 
reflecting and transmitting materials. Qualifying constraints on such extrapola
tion, however, render it necessary to include in the Passive Sample Array a 
more varied selection of optical materials to insure the widest application of 
results. Glasses and fluoride compound windows of the types listed in Table 
vm -1 are commonly used as sources or detector windows in space-borne 
instrumentation. These transmitting materials are also the sample elements 
of the IECM Optical Effects Module, which will provide measurements of the 
optical properties of these samples during flight. The correlation of results 
from the two experiments provides a means of verifying and extending the 
results of both. 

The remaining sample positions in the Passive Sample Array are for thin 
film filters on fluoride compound substrates for obvious ultraviolet applications, 
samples of the material used in the Shuttle crew compartment windshield, a new 
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TABLE vm-1. PASSIVE SAMPLE ARRAY 

Optical Samples to be Flown
a 

Quanti~y Dimensions Substrate Thin Film Coating 

8 2.54 cm diameter, 0.32 cm thick Fused Silica Platinum (40 nm) 

8 2.54 cm diameter, 0.32 cm thick Fused Silica Gold (50 nm) 

8 2.54 cm diameter, 0.32 cm thick Fused Silica Aluminum (100 nm) over-
coated with magnesium 
fluoride (25 nm) 

4 2.54 cm diameter, 0.32 cm thick Calcium fluoride Uncoated 

2 2.54 cm diameter, 0.32 cm thick Beryllium Uncoated 

2 2. 54 cm diameter, O. 32 cm thick Fused silica Iridium (35 nm) 

4 2.54 cm diameter, 0.32 cm thick Lithium fluoride Uncoated 

2 2. 54 cm diameter, O. 32 cm thick MAC OR Uncoated 

2 2. 54 cm diameter, O. 32 cm thick Vacuum ultraviolet filters 

8 Variable Guest samples, including super-polished g!!:.C's, 
Teflon electrets, ATR crystal, and stainless 
steel I J - ------ . ----

0) a. Total of 48 'Optical samples 2.54 cm in diameter and 0.32 cm thick. 
C-' 

., ·.-_ ......... -r: __ ;:;..:" ~-'"-__ ,,~J·-'.,... ... -.• Jv:.;- ,.=~>;._ .".:-' -"...-t:<:><"""''''''""''~' ,~,.,. ~ f,-"'! -- .;..~',"":::'I:: 



commercial glass-ceramic material (MACOR) offe:ring extremely low-cost 
substrate possiOilities, a stainless steel substrate for contaminant identification 
studies, and the guest sample positions, including thin-film beryllium for X-ray 
filtering. 

D .. Data and Data Analysis 
Most of the measurements of Passive Sample Array component optics 

will be confined to the spectral range from 110 to 300 nm since most optical 
materials, with the exception of X-ray and cryogenic infrared optics, show very 
high sensiti vity to contamination in this region. The central element of the 
system used to analyze samples is a Seya-Namioka monochromator (McPherson 
Model 235) with 0.5 m focal length. The light source is a Hinteregger gas 
discharge lamp isolated from the monochromator by a magnesium-fluoride 
window. The source of excitation is a regulated flow of 99.999 percent hydrogen 
controlled by a current-regulated dc power supply (McPherson Model 730) 
operated nominally at 1800 Vdc, 200 mAo The lamp is water and air cooled. 
The typical hydrogen spectrum obtained is shown in Figure VIII-3, indicating 
the presence of the molecular multilined spectrum of hydrogen in the vacuum 
ultraviolet followed by the stable continuum from approximately 170 nm (1700 A) 
upward. 

Optical measurements of specular reflectance and transmittance are 
performed in the device mounted at the exit slit of the monochromator. This 
facility incorporates modifications to an existing reflectometer which allow five 
samples to be measured simultaneously. A schematic of the reflectometer 
arrangement is shown in Figure VI1I -4. The incident light beam from the mono
chromator, after passing the bilaterally adjustable slits, can impinge directly on 
the rotatable light pipe through an empty position in the sample holder. Sodium 
salicylate, which fluoresces green in proportion to the intensity of ultraviolet 
light, covers the viewing element of the light pipe. The beam diameter is 
adjusted to apprOximately 1. cm2• Light pipe fluorescence is qetected by an 
EM! 2638 photomultiplier operated nominally at 700 Vdc. The circular sample 
holder, with six sample depressions, is mounted for axial rotation at an angle 
of 30 deg from the incident beam. Following calibration at a wavelength, with 
the light pipe at 0 deg and the empty sa.mple position passing the incident beam, 
the light pipe is rotated to the position of specular reflectance and the sample 
holder rotated through the five mounted samples for recording of near-normal 
incidence specular retlectance. Transmission is measured similarly with the 
light pipe left in the 0 deg position. 

64 

" 
" 



, , 

-en 
!:: 
2 
:::;) 

> a: 
<{ 
a: 
I-
iii 
a: 
~ 
> 
I-
en 
2 
w 
I-
~ 

70r-----~--------_r----------------------------------------_, 

60 

50 

40 

30 

20 

10 

o~ __ ~ ________ ~ ________ ~----------~--------~---------
1000 1200 1400 1600 1800 2000 ., 

WAVELENGTH (A) 

Figure V1II-3. Lamp spectrum with hydrogen gas. 
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The measuring facility, with the exception of the closed-loop lamp, is 
maiptained oil-free for use at a pressure level of 10-5 N/m2 (~0-7 torr) by a 
250 liter/s ion pump; roughi.ng is accomplished by a cryosorption pump unit. 
Dry nitrogen backfilling is employed for venting the system. 

Optical samples are subjected to specular, spectral reflectance, and 
transmittance measurements before and after each Shuttle mission. It is a 
straightforward procedure, therefore, to calculate 6R/R and AT /T for a given 
wavelength from the ratio of the difference of the two measurements to the initial 
value, expressed as a percentage. This percentage is an effective parameter for 
evaluating the relative significance of any observed changes in the optical charac
teristics of exposed samples. 

66 



\ 
'. 

;j 

Some of the measured samples will be extracted from flight-designated 
batches and stored in a "clean" environment as controls. The "clean" environ
ment refers to a Class 10 000 laminar flow bench on which the contr.ol samples 
will be stored in covered Pyrex containers. Post-flight measurements will be 
corrected, if necessar.y, based on the analysis of the control samples. 

Since the optical properties of materials in the vacuum ultraviolet are 
subject to dependencies on substrate characteristics, thin film preparation 
conditions, and many other factors, statistical averaging of the results of the 
Passive Sample Array will be supported by including in each array as many 
samples of identical preparation batches as pOSSible. The geometry of the 
array is such that the exposure to the space environment should be nearly 
identical for all samples. The degradation to be encountered by optical sur
faces in the Shuttle environment should be predictable from a cursory review 
of the relative percent change in optical reflectance or transmittance observed. 
The extrapolation necessary to evaluate the relative susceptibility of components 
of future Spacelab experiments, for example, based on the statistical averaging 
of results, is more involved because it is unlikely that such future components 
would suffer the extremes of thermal drift or direct exposure to which the can
didate elements of the Passive Sample Array will be subjected. The results 
will enable determination of the ''worst'' to be expected and will enable evalua
tion of some of the spectral consequences of deposition of contaminants. The 
relative susceptibility of various generic optical materials can also be studied 
because, while the effects of exposure to the natural environment of space are 
reasonably predictable for most (not all) vacuum-ultraviolet grade optical 
materials, similar extrapolation for the induced environment of space is most 
difficult.. The range of materials included as samples in the Passive Sample 
Array facilitates this evaluation. 

The significance of deposited contamination is dependent on the function 
of the affected optic. If the contamination absorbs little in the utilized spectral 
range of the optic, little harm may be done. If the deposited contamination 
contains particulates, however, the effects on imaging chara,cteristics of the 
subject optic may be severe. It is, therefore, essential in the analysiS of the 
samples in the Passive Sample Array that attention be directed to discriminatioll 
of fu'1y particulate species in the deposits. While the major emphasis in the 
development and projected analysis of the array has been directed toward degrada
tion due to absorption, planning has included some analysis which will aid in the 
evaluation of particulates. In particular, visual inspection and microphotography 
will be employed on all samples for initial characterization of the nature of 
contamination observed. At least one sample of each tray will be subjected to 
measurements of bidirectional reflectance on a designated facility before and 
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after each flight. At least eight mirrors will also undergo measurement of 
hemispherical reflectance in the range 0.2 to 2.5 J.t using an integrating Sph€:.l"e 
in conjunction with a Beckman DK-Z spectrometer. In the region of spectral 
overlap (0.2 to 0.3 /-l), the comparison of the specular and hemispherical 
reflectance measurements offers yet another basis for evaluating the deposition 
characte ristics. 

Because the Passive Sample Array is only one component of the IECM, 
it is essential that the results of the array be correlated with applicable data 
from the other contamination monitors. The Optical Effects Module offers data 
of a similar nature obtained in near real time. By including identical samples 
in each instrument, the data of the Optical Effects Module should indicate what 
phases of the mission led to deposition and, in particular, help to assess the 
effects of launch and reentry on the samples. The Passive Sample Array pro
vides the means of intensive analysis of the deposition required for effective 
evalttation of the hazards of Shuttle environment contamination, while the Optical 
Effects Module provides the capability of assessing when the deposition occurs 
as well as its significance and nature (whe tb.e l' film or particulate), so that the 
source of the contamination may be ascertail~ed by careful study of the time 
history of events and processes during th.e mission likely to lead to evolvement 
of contaminants. 

The Pass,ive Sample Array provides the opportunity to evaluate, by means 
of post-flight analYSiS, the chemical identity of contaminants that adhere to optical 
samples. Provision has been made for limited tests of this nature in the Space 
Sciences Laboratory~ Marshall Space Flight Center, including Auger analysis to 
identify the elemental constituants and subjection to heating in a facility monitored 
by a mass spectrometel'. Also, some interest has been expressed in flying, as 
a guest experiment, a single ATR crystal for such purposes. 

68 

1,. 



vm-l.. 

vm-2. 

vru-s. 

I 
~ 
r; 
~ 
f 
); 

f 
~ 

" " 

{-

, 

fl 
K 

1 
" 
~! 
.. 

t 

nEF\l~nENCl~S 

A'1'lVl (ll'olmd S\lPP(H~t EqnipnHmt: UQqnll'Ol)\Onts. DOQUmollt 5Q1\'['Oil9u,,l. 
Ravision Il, J\L~U.'Shllll Space ~\I"light. CQlltOl~, Oo-tobul'. l.H71. 

H{\ss, Ihunsny, and Hunte).': HoflQ.a.tUllCO of Somlt:l'anspill.'ont PlntJ,nulU 
FH\ns on Vndous 811bsh'utos in t.ho Y(lcmnn Ulb~llViolGt. Applied 
Optics, vol. 8, No. 11, Novo-mbol.', JO()9. 

Samp!:lOll, S. A. H.: 'fQohnit)lI(}s Qf Vacuum Ult.ravlolot Specu'Oscopy. 
IJbhu WHoy & SOilS, Now Y(.H'l\ •. H)(i,/" pp. :H ... 42. 

(l9 

'< 
TI 

E 
~ 
~ 

ft 

i 
II 

~ 
~ 

~ 
It 

~ 
~ 
¥ 

J t 
! 
" 



... . ! 

f l 

INSTRUMENT SPECIFICATION SUMMARY 
PASSIVE SAMPLE ARRAY 

Physical Characteristics: 

Weight - 4.5 kg 
Dimensions - 33.3 x 22.2 x 2 cm 

Power Requirements: None 

Performance Data: 

Data output - passive samples for laboratory analysis 
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IX. OPTI CAL EFFECTS MODULE 
(IECM06) 

Roger C. Linton 

A. Objective 

The Optical Effects Module of the Ind,uced Environment Contamination 
Monitor (IECM) is designed to provide the Shuttle cargo bay user community 
information applicable to assessing the contamination hazards likely to be 
encountered by optical components of space-borne instrumentation. The optical 
degradation of some typical window materials will be measured and monitored 
during prelaunch, orbital, and post-landing phases of the six Space Shuttle 
Orbital Flight Tests (OFT's) and the extended mission of the Long Duration 
Exposure Facility (LDEF). Optical property changes due to deposition of 
particulates and molecular films will be discriminantly measured utilizing an 
integrated scattered light measurement in conjunction with direct, self-calibrating 
transmission measurements. 

The Optical Effects Module consists of a light source, focusing and col
lecting intermediate optics, a rotatable sample carousel, and detectors. This 
unit is nominally monochromatic at 253.65 nm, determined by the choice of light 
source and the spectral sensitivity of the detectors. Initial design considerations 
invol ved a scanning monochromator with a deuterium source; while costs dictated 
the simpler monochromatic line source approach, the design is compatible with 
the addition of the scanning capability. 

The IECM requirements for measuring optical degradation due to con
tamination entail an ability to measure a 1 percent change in, absorbing or 
scattering characteristics. This requirement is interpreted as referring to the 
repeatability or preciSion of the instrument because it is the ability to repeat a 
measured value within the ±1 percent uncertainty that determines the validity of 
any observed change. 

B. I nstrument Description 

The Optical Effects Module measures transmittance and scattering. The 
instrwnent was developed by Advanced Kinetics, Inc., of Costa Mesa, California. 
The schematic of Figure IX-1 is a side view of the flight unit. A nearly collimated 
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beam of light from the merCUl'Y source is uniquely differentiated f):Om any 
unwanted background illumination by passing through a Bulova tuning fork 
chopper vibrating at 200 Hz. This chopped beam contilmcs through an apel'htre 
in a focusing mirror to provide, at the indicated measurement position of the 
carousel, a 1.9 em diameter source. One of tile sample positions on the 
carousel is left blank so that unobstructed totnl beam intensity can be measured 
by the photomultiplier fixed in location behind the sample measurement position. 
This intensity, 10, is a calibratioll reference for all measurements. When the 
cnrousel I'otates a filled sample position between the source and detector, the 
measured transmitted intenSit.y, I , is ratioed to 10 as an accurate measure of 
the transmittance. n . 

The optical alignment inside the Optical Effects Module is designed to 
reject the specular component of ret1ection from the sample (with n half-cone 
nng'le of 10 deg). Should it sarnple on the carousel became contnruitmted in 
a .mnllner giving rise to diffuse reilectiol1 or scattering. tile focusing mirror is 
positioned to collect this type nux and to direct it to a second photomultiplier 
above the tl:ansmission detector for a measure of the scattered intensity I , 
silnilarly ratioed to 10• s 

Therefore, in opel'ation the Optical Effects Module is designed to 
sequentially rotate a set of previously exposed samples through the measure
ment position, the monitored output of the two photomultiplier detectors providing 
the only necessary data output for assessing the optical degradation (if any) suf
ferod by tile samples during the previous expOSllre interval. Duritlg this latter 
interval, tilC Optical Effects l'vlodulo is mochanically inactive. lleferring to 
Figl11'e rX-2, which shows the carollsol alignment dui'ing the exposure interval, 
it is seen that tiu'ee samples are exposed simultaneollsly; twp other similar 
samples are retained inside the Optienl Effects Module housing with the empty 
sample holder for monitoring' internal contamination. 

Tho light source is il low-prossure, cold catJlode, mercury vapor dis
cluu.'ge lamp - n familial' Hne source for spectroscopi.c applications in tile 
laboratory. Such lamps consist of a double-bor~ ttlbing of ill sed q\lfil'tz for con
taining tho activo plasma which limits transmission of radiation to wavelenghts 
above the 180 nrn i\lsed quartz cutoff. 

!,,{el'cury lamps produce the line spect!'n shown itl Figure IX-3 in addition 
to vacuum ultl'tlViolet tines [IX-i]. While all s\lch lamps intrinsically emU all 
of UlCse ch:1l.'act:edstic Hiles, tl. number of factors weighted pl'in'Hlrily by the 
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pressure of the mercury vapor limit the relative intensity of various lines with 
respect to others. In particular, mercury vapor discharges generate the 
resonance lines, defined by the transition from the lowest excited state to the 
ground state. Such emission is generally absorbed by neighboring atoms, which, 
when undisturbed, will reemit at the same frequency. If, however, the absorbing 
atom is further excited by some electron interaction, the reemission will differ 
from the resonance absorption. In a low-pressured vapor, the mean free path 
is increased, and the likelihood of resonant emission surviving is increased to 
the point where it dominates the spectral output of the lamp, emitting over 90 
percent of its radiation at the 235.7 nm rsonance line. 1 

Specifically, the Optical Effects Module la.mp is a Hamanatsu Model 
L927-001 with a 25 mm long plasma tube 6 mm in diameter. Normally, in the 
laboratory, this lamp is powered by an ac inductance transformer which pro
vides a high voltage for starting the lamp, then reduces the voltage considerably 
for normal operation. In the development of the Optical Effects MoC:ule, it was 
initially proposed to power the lamp from a dc power supply with ballast resistor. 
Experiments have shown, however, that such operation reduces the lifetime of 
the lamp by factors of 2 or more. Alternative means of excitation were explored; 
the selected approach uses a dc-ac inverter with output well in excess of the 
maximum lamp starting voltage. A standard dc-ac inverter is used in conjunc
with a high-voltage step-up transformer attached to the output. This powers 
the resistive ballast and the lampa The reduced power efficiency due to the 
required ballast resistor is more than compensated for by the stability charac
teristic of the induced lamp temperature range. The selected inverter is an 
Abbott SID-115A-1600. Lamp power supply specifications are detailed in 
Table IX-l. 

All components and subsystems of the Optical Effects Module are housed 
in a single module enclosure divided into two equal compartments by a rigidizing 
plate which is secured to the base mount. The top compartment contains the 
optical elements, the source, and a portion of the sample wheel (the remainder 
of which is continually exposed to the external environment). The lower com
partment houses the electronic subsystems, power supplies, and the stepping 

1. The ratio of intensities of the lines at 235.7 nm and the ever-present 
184.9 nm has been measured at MSFC and found to be 0.02 for this type 
lamp. 
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TABLE IX-I. OPTICAL EFFECTS MODULE LAMP 
POWER SUPPLY SPECIFICATIONS 

Inverter 

Input voltage - 24 to ~O Vdc 
ll1put current - 0.79 A at 100% load 
Waveform - Sinusoidal 
Voltage adj. range ~ 12%, manually adj. 
Output voltage - 108 to 122 Vac (rms) 
Output current - 120 mA surgep 86 mA continuous 
Weight - 0.77 kg 

Transformer 

Primary voltage - 115 Vac (rms); single phase, 1600 Hz 
Secondary voltage - 850 Vac (r111s) 
Power - 5 VA 

Limiting Resistor (Allen Bradley RCR42) 

Value - 160 kG 
Power dissipated - ",1 W 
Power rated - 16 W 

motor for driving the sample wheel. While the lower compartment may appear 
a potential outgassing source during operation in a heated environm.ent (it is 
not hermetically sealed) t the likelihood of Optical Effects Module samples 
suffering contamination due to internally generated flu ..... es from the lower com
partment is highly remote due to the exacting materials testing and selecting 
criteria employed in development and to the deliberately deSigned complexity of 
exit for evolving flux moleucles, should they arise. 

The outer surfaces of thi s enclosure are deSigned to stabilize the thermal 
excursions of internal components and to reject h~at primarily by conducW:m into 
the coupling thermal base plate of the IECM. 

Modulation of the Ught beam is provf.ded by a Bulova tuning fork chopper 
driven at 200 Hz. Since the output of Ule dc-ao inverter which powers the Optical 
Effects Module lamp Is 115 Vao at 1600 Hz, a single chopper cycle envelope will 
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contain approximately eight lamp current modulation cycles. The chopper pro
vides a synchrOlious signal for lock-in amplification. An isolation transformer 
decouples the 28 Vdc chopper power ground from the signal ground, as in all 
ground loops of the Optical Effects Module and, in fact, all IECM instruments. 
The Bulova chopper, with integral driver, consumes 500 mW of input power. 
Optical Effects Module circuitry drives the chopper when the lamp is "on" 
because the chopper and the lamp have transient characteristics during warmup 
(minutes for the lamp, seconds for the chopper). Frequency stability is 
100 ppm, with a temperature coefficient of 50 ppm/ 0 C. The chopper also pro
vides a 5 V reference signal to the lock-in amplifier. 

1. Sample Wheel, Holder, Rotary Drive. The sampler holder subsystem 
features a carousel configuration with six sample positions. The wheel of the 
carousel is an aluminum disc of 220 mm diameter and 3 mm thickness fastened 
to a spindle which is supported on three axial bearings (M S lubricant). The 

o 2 
sample wheel is driven at 90 deg to the axial drive shaft by means of a worm 
gear assembly. 

A stepping motor is securely fastened by means of a 90 deg bracket to the 
underside of the optical plate. This motor will provide positive displacement of 
the wheel, featuring a stepping' increment of 7.5 deg. It requires 0.5 s to index 
to each subsequent sample position (60 deg apart) in 100 drive steps. The worm 
gear (12.5:1 ratio) is adopted to generate a natural detent to prevent slippage of 
the sample wheel during the power-off cycle. 

A photodetection-light emitting diode (LED) combination is used for 
generating location information and interfacing the processing electronics. 

Samples for the Optical Effects Module will include a variety of optical 
window and substrate materials. Six sample positions are provided, three 
external and three internal. One empty sample holder is provided for detector 
reception of unobstructed beam intensity for normalizing subsequent readings 
from filled sample positions. 

The samples are 2.54 cm diameter, 3 mm thick, polished optical flats, 
Sample type, surface finish, and other pertinent sample characteristics can be 
determined or changed at anyone of several scheduled access intervals for the 
IECM flight units~ including post-flight refurbishment prior to each flight sub
sequent to the first. In general, however, selected samples include highly 
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polished (All? at Na
D

) t1ats of the vacuum ultraviolet fluoride window mate

rials such as CaF2, l\IgF2' and BaF20 Such window materials are common to 
many optical subsystems of past, present, and future space instrumentation 
payloads, so that, with such samples, the results of Optical Effects Module 
anafysis will have more direct applicability • 

It is important to reiterate that the enclosure design of the Optical Effects 
Module is such that only three sample positions of the carousel are exposed to 
the external environment at one time. The three internal positions contain the 
empty, normaliZing sample holder, so that two samples are kept inside for most 
of the time of Optical Effects Module operation, exiting briefly only during the 
"measurement" phase of operation. Since in-orbit power conservation, as 
reflected in the average power consumption of the Optical Effects Module, dic
tated a 7 min power-off cycle between each 77 s measurement (full power-on) 
cycle, the two internal samples will have minimal exposure to the external 
environment of potential contaminating fluxes; consequently, their performance 
will generally reflect the degree, if any, of self-contamination of the Optical 
Effects Module. It is necessary to qualify such analysis as "g'enerally reflecting" 
such a state because it is certainly possible, and even likely, that some con
tamination can "work" its way into tlle restricted, though not sealed, carousel 
apert-ure (baffled) and contribute to observed changes of tlle samples maintained 
internal to the enclosure in the power-off phase. 

2. Photomultiplier Det.ectors. The radiant emission of the mercury 
lampI' chopped, collimated, and passed with or without attenuation tlll'ough tlle 
sample holders is detected by a solar-blind, ultraviolet-sensitive, end-on 
photomultiplier. Scattered lig'ht from contaminated samples is collected by an 
intermediate reflector and focused to a second, nearly identical photomultiplier 
above the first. The two detectors are matched closely in spectral response 
and quantum efficiency to facilitate intercomparison of results. The trans
mission detector is operated at a nominal -1000 Vdc at a current arnplificatiol1 
factor of 103

, while the scattering detector is operated at -1500 Vdc with 2 x 105 

current amplification. These photomultipliers are the EMR, Inc., Model 510F-
09-13 type, magnesium fluoride window) with a single power supply (EIVIR 
6-WE-l) for both. 

The photolllultipliers are mounted stationary within the sample wheel 
assembly so that they can observe the transmittance of HIe samples, the open 
aperture, and the diffusely reflected (scattered) signals unperturbed. Each 
detector output is coupled via shielded leads to a low noise ampHfier input stage. 
The signals are then processed by a dual lock-in amplifier system that provides 
dual 0 to 5 Vdc analog output signals. 

79 



I , 

3. Electronics and Signal Processing. The Optical Effects Module 
contains all the Circuitry necessary to drive the sample wheel in a predeter
mined time cycle, to sense positions, to stop at each sample for measurements, 
and to complete the sequence. The signals are processed by synchronous 
lock-in amplification, and the rectified rms levels are made available for 
recording by the IECM data system. 

All of the electrical power required for these functions (and also for 
energizing the lamp and chopper) is derived from the input IECM power line 
(28 Vdc) by inverter packages. All such components are heat-sunk in the lower 
compartment of the Optical Effects Module. 

The dual lock-in amplifier processes the photomultiplier Signals using 
the Bulova chopper 5 V signal as the reference for demodulation. Low-noise, 
low-drift amplifiers are used to provide stable performance over the opera
tional temperature range 0 to 70°C. The reference signal from the Bulova 
chopper is decoupled from the 28 Vdc power ground by an isolation transformer. 
The reference input is filtered and band~assed to achieve the fundamental 
chopping frequency to be phase shifted. This processed frequency is "squared 
up" by comparators (high gain) whose outputs drive the demodulator field effect 
transistor switches in each lock-in amplifier section. 

The output is scaled from 0 to 5 Vdc to correspond to zero signal input 
and to the maximum signal intensity predicted, respectively. The outputs are 
averaged and buffered to provide a low output source impedance for the TECM 
signal processor. 

40 Sequencer-Controller Electronics. The sequencer-controller per
form.8 all of the functions to properly correlate tho sample wheel position and 
the signal being processed. The electronics for this function are almost all 
complementary metal oxide semiconductor (CMOS) for power conservation. 

C. I nstrument Operation 

The operation of the sequencer-controller electronics can be discussed 
by referring to Figures IX-4 and IX-5. Two··position detectors (optical sensors) 
are used to detect the sample positions on the wheel. The open aperture (Io) 
position is unique i.n that it has two small holes in the sample wheel correspond
ing to its position. All the other positions (Ii through 15) have only one hole 
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associated wlt,h their positions. The circuit ",ill reset t.he sample wheel to the 
10 position if it should not be in that position initially when the spacccraft' s 
power-on command si~nal is p;ivcn. Sincc the power-on command has a fixed 
time cycle, set at a minimulll of 77 s on (and <129 s off), the sample wheel 
must return to the 10 position bcfo1'o the end o( the powcr cycle to avoid a reset 
command in the next power cyde. Thc output data will not be valid in tho reset 
mode becausc thc integration (dwell) timc will be insufficient for accurate signal 
processing. 1'hc signals from the tt'tlllsmission and rel1cction photomultiplier 
tubes wil1 be valid and accurately l'OtTeIated to the ('orrect sample position when 
the sample wheel starts initially in the 10 position. The position data output is 
updated by H countcr, and il.s output is buffcrcd to drivc two transistor
transistor \ogil' (TTL.) loads. lIowcver, since the ~rol\l1d sel'vice cquipment 
interfa('e requires a I-unit 10M, the maximulll loading alloNlted for the IECI\1 
will also be a 1-unit load \\'hel1 it is operational. 

An inte~'J'ati.ng tillle <-,,Yde will be stnrted initially at the power-on cycle 
for a duratiol1 of 10 s. Du ring this ti me the 10 signal will be processed. At 
the end of the 10 s integraUoll Ulne, a dala-nmdy command will be p;cneruted 
to sig-nul the 1ECl\l t.hat the positional. datu and the transmission and reileetion 
signal levels are valid. The data-ready pulse width will be at least 1 inS wide. 
The data-ready is TTL compatible with a 2-11llit load capability. J..ike the posi
tion logic level s, one unit loud is for the p;round sel'vic:e equipment and one for 
the lEe l\1. 'rhe data-ready pu 1 so also ill i Hates the ('Olll mand to step to the next 
positioll (It). The steppel' mot.or POWl'I', as \\'011 as the index dock, is thus 
elullJleci to move the sample wheet. When the next sample position is sensed by 
the opti('al sensol'S, tho steppe!' mOlm' clod, is stopped and the power is 
rellloved fl.'ol11 the stepper motol' itsell' to save POWCl,' during the intog'l'atlon 
time. After the 10 s intep;l'lltion time, thQ elata-rendy pulse is genemted ap;nin 
to allow the valid datil to he lrans[Ct'l'od for pro('esSillp;. A~aill, a new index 
command is given to the stepper motor to move to the next position. This 
process is ('ontintled until the 10 pOSition is again reached. At this pOint tho 
sample wheel will wait ill the ,1'0 position 0\'011 if the powor-Oll command is sub
stantially long'or than lho GO s (minimum) alloealed. The stoppor motor will 
be off, and Llw electronics will uwait tho new po\\'ol'-on l'ommand before starting 
a new integration/indox eyt'le OVCl' one l'omplote revolution in(:orporating' all six 
sample positions. 

The motor ('loek is set at approximately 100 Idly. to nllow the motor to 
index to the now position in 1 s. This will allow adequate speed-torque cha1'ao
tel'ilSti('s to l'cliably drive the snmple whoel. 
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The Optical Effects Module requires 15 V, -15 V, and the incoming 
28 Vdc for operation. The ±15 Vdc outputs are capable of supplying the rated 
load current which has been minimized by the CMOS logic and low power ampli
fier designs. The Optical Effects Module power profile is shown in Figure IX-6. 
The dc-dc converter specifications are given in Table IX-2o 

A power switch is provided to interface with the control signal from the 
IECM. A 3.5 to 5 Vdc level will turn this switch on, thus powering the Optical 
Effects Module electronics, excepting the ultraviolet lamp and the Bulova 
chopper. 

Three linear temperature bridges are incorporated for system diagnostic 
purposes. These three identical bridges incorporate a stable platinum sensor 
in one arm of a basic Wheatstone bridge. These sensors will be located near 
the ultraviolet lamp, the stepper motor, and a strategic point on the Optical 
Effects Module housing. The temperature range will be from 0 to 100°C. The 
bridge amplifier outputs will range from 0 to 5 Vdc, corresponding to the 0 and 
lOO°C points, respectively. The output sensitivity will, therefore, be 50 mV/oC. 
The IECM may interrogate these outputs at the end of each power-on eych~ to 
achieve some temperature profile of the Optical Effects Module system and its 
components. 

D. Data and Data Analysis 

1<'i ve optical samples are exposed for various periods throughout the 
i1ight. The recorded intensities, norma Iized to the unobstructed beam measure
ment, provide the data necessary to analyze contamination hazards to optical 
surfaces (Table rX-3). 

Two channels of data (analog) are provided, accompanied by the reqUisite 
position encodingo Channel 1, the analog output from the transmitted intensity 
monitor, requires only normal ization to the station "0" reading, the empty hole 
position, for absolute values of normal incidence transmittance at 253.7 nm. 
The Optical Effects Module is designed to operate fully only upon receipt of a 
power cycle input command (5 Vdc) at intervals of 7 min. Data for the two 
analog channels will be generated simultaneously in a period of 80 s and will 
consist of Six analog readings, each preceded by :3 bits position indication and 
1 bit data-ready. Power peaks during this 80 s data phase because the stepping 
motor actuates only in this interval of operation. Standby power must be 
provided at all times during launch, flight, and reentry to maintain power to the 
Optical Effects Module lamp. 
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TABLE IX-2. dc-de CONVERTER SPECIFICATIONS 

Input Voltage: 

Output Voltage: 

Output Current: 

Output Ripple: 

+28 Vdc :1:3 Vdc continuous 
+50 Vdc for 1 s maximum 

+15 Vdc and -15 Vdc (nominal) 

:1:100 mA 

90 m V (p-p) maximum 

Line Regulation (V. = 25 - 31 Vdc): 60 mV typical 
1 

86 

90 111 V maximum 

Load Regulation (1/2 - full load) : 350 mV typical 
410 mV maximum 

Temperature Regulation (-55 to 
100°C Case): 

Protection: 

Input Current: 

Output Power: 

Minimum Load: 

Output Volta~'e Adjust: 

Isolation Tcst Conditions: 

Polarity: 

Opcrating Temperature Bange: 

Storage Temperah.lre Range: 

Case IUse~ 

Operating Frequency: 

:~oo mV (typical) 

Reverse polarity protected to 50 Vdc 

38 mA (typical) for 100 mW load 
210 mA (typical) for full load 

aw 
100 mW 

:1:10% full load 
--10% 1 W load 

Input terminals shorted to case. 
Output terminals shorted together. 
1000 Vdc applied from output to 
case. 

Inputs and outputs are .floating from 
each other. 

_55° C ambient to +100 0 Cease 

25°C (full load) 

3 kHz ±20% 



\ 

Ripple Frequency: 

Weight: 

Environment: 

Manufactu reI': 

Power Supply Model: 

TABLE IX-2. ( Concluded) 

6 kHz :1:20% 

114 gm fully encapsulated 

Designed to meet the requirements 
of MIL-E-5400 

Techlletic s 

9567-121 

TABLE IX-:l. OPTICAl, EFFECTS MODULE TYPICAL DATA 
(STATISTICAL AVERAGES OF OPTICAL EFFECTS 

MODULE MEASUREMENTS ON TIlE SIX 
SAl\1PLES lNCLUDED) 

Signal for Signal for 
Station PMV = 1000 V Normalized Pl\1V = 1100 V Normalized 

No. (mV) Intensity (mV) Intensity 

10 22.20 :1: 0.08 1 61.:1 :I: o. a 1 
O.:W% 0.48% 

11 19.71 ± 0.1 0.888 I 0.006 54.1 :I: 0.17 0.882 ± 0.006 
0.52% 0.67% 0.:l2% 0.66% 

12 11.90 :1: 0.04 0.5:!G !: 0.005 :32. ·16 :I: 0.11 O. 5~0 ± 0.006 
o. :17% 0.99% O. :~5% 1.1% 

1:1 1:3.62:l:: 0.0·1 O. G1·l :I: 0.005 :W.1 ± 0.1 0.605 :I: 0.005 
O. al% 0.79% 0.27% 0.92% 

14 11.88 .I. 0.12 O. 5:W ::l: 0.01 ;12. () ± 0.06 0.532 :I: 0.005 
0.98% 1.9(ici[, 0.18% 0.98% 

15 19.86 I 0.05 0.89·1 1 O. 00~1 5·{. G:~ ± 0.06 0.891-1: 0.005 
0.25% 0.5% 0.11% 0.56% 

Iv 5.3G i: 0.02 0.241 .I. 0.005 H.23 ± 0.06 0.232 + 0.006 
0.38% 2.2% 0.4% 2.7% 

-
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Channel 2, the source of scattering data, provides an analog intensity 
level of the signal detected by the separate photomultiplier in the scatter posi
tion. For the station "0" reading, the scatter value should be zero. Discrep
ancies from zero are indications of internal contamination from surfaces other 
than the deSignated samples. The scatter data for the six sample positions is 
normaiized in two ways: the inclUSion of a reference diffuse sample of known 
scattering level, and reference to the station "0" reading from channel 1. Prior 
to IECM integration, the tw,.:> detectors will be carefully matched and calibrated 
against each other. Similar checks post-flight will minimize the significance 
of any encountered responsiti vity changes. 

Post-flight evaluation ·"f the Optical Effects Module data reqUires, 
initially, only time-related plots of the analog signal levels for each sample 
position in each data channel. For ease in interpretation, it is required that 
the plots be generated in Huntsville Operations Support Center (HOSe) nor
malized to the station "0" reading. Additionally, since it is not the actual value 
of the transmittance or scattering coefficient which is of most concern ~!1 eval
uating degradation but rather the percent change from the initial value, it is 
required that HOSC provide time-related plots of AT/T and AS/S, where 
AT = T - To (To being the initial uncontaminated value). Finally, HOSC will 
provide time-related plota of the raw intensity variation of the station "0" values. 
For each of these plots, it is required that they be plotted for daily integrated 
variation. 

Examination of the Hn~e stability of the station "0" data will provide a 
quick means of assessing the performance of the Optical Effects Module as a 
repeatable measurement instrument. The accuracy or repeatability of t..~e 
Optical Effects Module measurements is certainly dependent on the mainten3.nce 
of an adequate signal-to-noise ratio. Furthermore, unusually 'large fluctuations 
in lamp iHtensity, registered by the station "0" readings~ ~'equire extrapolation 
of the normalizing intensity and can lead to error. 

Quick-look analysis of the data will reveal the total degradation suffered 
by each of the samples. As a result of the configuration of the OpUcal Effects 
Module, some samples will be exposed to the external environment longer than 
others; it will be necessary to take this into account. 

Time-related plots of AT/T and AS/S for each sample provide a means 
of attempting correlation with specific Shuttle functions such as plume genera
tion, for 'example, and with the results of other IECM instruments, 10. partic
ular, the results from the Passive Sample Array will have direct bearing on 
Optical Effects Module data evaluation since the Passive Sample Array contains 
samples identical to those of the Optical Effects Module. 
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INSTRUMENT SPECIFICATION SUMMARY 
OPTICAL EFFECTS MODULE 

Physical Characteristics: 

Weight -
Sensor - 12.2 
Electronics - --

Total 12.2 

Dimensions -
Sensor - 45.7 x 28 x 25,4 cm 

Power Requirements: 

Data mode - 41 W 
Standby mode - 25 W 

Performance Data: 

Data output -
Sample rates - '" R.:.:l m in/ cycle (see discussion ill text) 
Hesolutioll - 0 to 5 V, 40 11l V 
Accuracy - 1% 

", 
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X. TEMPERATURE -CONTROLLED QUARTZ 
CRYSTAL MI CROBALANCE 

(I ECM07) 
James A. Fountain 

A. Objective 

The Temperature-Controlled Quartz Crystnl Microbalance (TQCM) is 
designed to detect the adsorption or desorption of molecular contamination in 
the Shuttle cargo bay as a function of temperature. The contamination sources 
will be characterized as a function of direction and events. Contamination will 
also be grouped into categories according to desorption activation energies. 

B. Instrument Description 
The TQCM (Fig. X-I) was designed, developed, and manufactured by 

Faraday Laboratories, Inc., of LaJol1a, California. The experiment is based 
on quartz crystal mim'obalance (QCM) technology which has been used as the 
basis of space night experiments since 1961. The QCM is a mass measuring 
device which llses the principle of the piezoelectric effect in an oscillating 
quartz crystal. Mass deposited or removed from a crystal changes its fre
quency of oscillation. The frequency change which CUll be measured with 
extreme accuracy is directly proportional to the mass change. The principles 
of the method were developed by 1\lcKeowll lX-I, X-2J in the United states and 
by Sauerbrey lX-3, X-4J in Europe. The llrst applications of QCM's were in 
thickness mOnitor gauges in vacuum metallic vapor deposition; thin t11m applica
tions, and sputtering erosion measurements in space [X-5, X-6, X-7]. Investi
gators have more recently worked toward extending' the method into the field of 
microweighing [X-S, X-9, X-lOJ and contamination measurell,lohts [X-lI, X-12, 
X-I3J. 

Crystalline quartz (Si02) is chosen as the detector material because it is 
piezoelectric and phySically and chemically stable. Furthermore, its physical 
properties are well known from its wide use as an oscillator and frequency 
standard in communications. The success of its use in a mass measurement 
depends upon how well factors other than mass deposition which can cause 
frequency changes can be minimized. This is done by selecting the proper cut 
of the quartz crystal detector with respect to the crystalline structure. An AT 
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\ cut is presently recognized as the optimum cut for a QCM. It is one in which 
the crystal is cut into a flat plate; that is, its diameter is on the order of fifty 
times its thickness. This cut is made so as to obtain the minimum temperature 
coefficient of frequency and low coefficient of internal friction, which combine 
to give good mass sensitivity. The AT-cut plate oscillates in the thickness-shear 
mode; i.e., the top and bottom surfaces of the plate vibrate transversely with 
respect to each other. Resonance is achieved by exciting the crystal with an 
electric field from an oscillator circuit with a frequency which matches the 
natural mechanical frequency of the crystal. Vapor-deposited metal films on 
each side of the quartz plate serve as electrodes through which the electric field 
is applied. Since the frequency of oscillation of a quartz plate is inversely 
proportional to the thickness of the plate, a layer of material which deposits 
uniformly on the surface causes a frequency change which is treated as an 
increase in the thickness of the quartz plate. The volume increase is then 
related to mass, with inaccuracy due to the fact that the physical properties of 
the added material will be different from lhose of quartz. The application of 
the QCM in the cargo bay environment in which the deposited material is unknown 
will rely on data analysis techniques and laboratory simulations in identifying 
types of contamination. Data will also be cross-correlated with data from the 
mass spectrometer. the nonvolatile residue (NVR) monitor in the Cascade 
Impactor experiment, and the Air Sampler. Post-flight surface photography 
and analysis of the crystal will also be performed. 

The crystals used in the Induced Environment Contamination Monitor 
(IECM) QCM's operate at a resonant frequency of 15 MHz. The crystals and 
the vapor-deposited aluminum electrodes are coated with a protecti ve layer of 
magnesium fluoride. The accuracy of the measurement is obtained in the follow
ing manner. Each sensor consists of two identical crystals. As shown in 
Figure X-2, the sensing crystal is directly exposed to the environment to be 
measured. A reference crystal is mounted directly behind the senSing crystal 
and is, therefore, shielded from direct line-of-sight from the molecular 
environment. Since both crystals operate at 15 MHz, the aluminum and magne
sium fluoride coatings are applied in such a manner as to change the operating 
frequency of the sensing crystal to be apprOximately 1 kHz less than the refer
ence crystal. The two frequencies are mixed electrOnically. Any deposition 
which lowerb the frequency of the sensing crystal is measured as an increase 
in the beat frequency. This method cancels out errors due to changes in the 
system and electronic drift. 

The equation for converting a frequency change into mass change is [X-11] 
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. , 

where 

AF = frequency change (Hz) 

tom = change in mass (gm) 

F = fundamental frequency of the crystal (Hz) s 

k = frequency constant of the quartz oscillator (Hz-mm) 

A = sensitive area of the crystal (cm2) 

p = density of the crystal (gm/cm3) 

F (T) = 
s 

frequency-temperature dependence functions of the sensing 
crystals (Hz;o C) 

>, 

F (T) = 
r 

frequency-temperature dependence functions of the reference 
crystals (Hz;oC). 

Letting 

D-F (T) = F (T) - F (T) , 
T s T 

substituting values for the 15 MHz sensors delivered for the IECM,1 and solving 
for tom gives 

tom = (1. 56 x 10-9 g/[~F - D.F T(T)] . 

Therefore, a I-Hz change in frequency corresponds to a mass change of 1.56 x 
10-9 gm/cm2. 

1. The measurement sensitivity of a 15 MHz crystal is 1. 97 gm/cm2_Hz. The 
QCM's delivered to Marshall Space Flight Center by Faraday Laboratories 
are specially designed and have an enhanced mass sensitivity approximately 
20 percent higher than previously available mass sensors. 
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The QCM has several aspects which are advantageous to Shuttle bay 
measurements and several which are not. First, the inertial mass measured 
is not affected by the lack of gravity and is independent of orientation. The 
QCM is made from materials which are stable in the space vacuum, so that it 
is not self-contaminating. It has high mass change measurement sensitivity. 
The main disadvantage is that the material being measured must adhere tightly 
to the crystal surface; therefore, it will not measure particulates or volatiles 
which do not stick. Also, the crystal has a finite limit to the amount of material 
it can detect. When the mass deposited becomes large enough to damp the 
crystal from oscillating, the QCM voltage output drops below the counter 
threshold. This occurs at approximately 1 x 10-4 gm/cm2• At this pOint, the 
crystal is heated to desorb contamination and return it to active oscillation. 
Contamination such as lubricants adsorbed and modified by photo-polymerization 
cannot be removed by heating because of the large desorption activation energy. 
The amount of contamination adsorbed after photo-polymerization is determined 
by observing the permanent QCM frequency shift after volatiles have been 
desorbed by heating. 

The TQCM system has five identical sensor heads. Figure X-2 shows 
the essential components. Each head consists of a QCM sensor, an electronics 
unit, and a heat sink. A two-stage bismuth-telluride thermoelectric device 
uses the Peltier effect to heat or cool the sensor crystals to the commanded 
temperature. The sensor and electronics unit are mounted directly to a toroid 
of gold-coated aluminum which serves as a heat sink. Platinum resistance 
thermometers monitor the temperatures of the crystals and the heat sink. The 
heat sink alS0 serves as the mounting attachment to the IECM as it is bolted to 
the frame. Because of this the frame is part of the heat sink. The five TQCM 
heads are mounted on each side of the IECM (except the bottom) so as to be 
looking in the +X, -X, +Y, -Y, and +Z orbiter axes. Loc-ations of the heads are 
shown in Figure X-3. The five TQCM heads are connected to the TQCM con
troller which is mounted on the underSide of the instrument shelf near the bottom 
of the IECM. The controller receives commands from the Data Acquisition and 
Control System (DACS) and sends data signals to the DAGS to .be recorded. 

c. I nstrument Performance 

The commands which the TQCM heads receive from DACS are tempera
ture settings which are planned in preflight programming. The baseline tempera
ture will be 80°C. This temperature will be used to determine the "clean 
frequency" against which all frequencies recorded during the flight will be com
pared. The other data collection temperatures will be 30, 0, -30, and -60°C. 
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Figure X-3. Locations of TQOM sensor heads on the IEOM. 

These temperatures are referenced to a nominal heat sink (IECM frame) tem
perature of 20°O. The thermoelectric devices are designed to have the capacity 
to control the detector temperature to a maximum of 80°0 below the heat sink 
temperature. For a heat sink temperature of 20°0, the lowes.t temperature will 
be -60°0. When the heat sink goes above 20°0, DAOS is programmed to disallow 
a command of more than the 80°0 differentiru" This is done to avoid an excess 
power drain which would occur if the thermoelectric device continued to try to 
reach an unattainable temperature. However, in the case in which the heat sink 
goes below 20°0, temperatures colder than -60°0 can be reached. Accordingly, 
there will be a free-run mode in which full power can be sent to the thermoelec
tric device, allowing itto continually seek 1 ower temperatures. The lowest 
possible temperature in thiR mode is -120°C, This free-run mode will not be 
programmed on the initial night because of tht~ high power drain and because of 
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the as yet unknOWI'l thermal behavior of the IEClV! frame. It will be used on a 
later mission duril1p; the "cold soak" 1110de to complement Cryogenic Quartz 
CrystnllVlicrobalance (CQCM) data. The remaining mode which can be com
llmnded is the low-power mode in whit'h thc crystnl frequencies and tempera
tures are 1.'ecorded, but the crystal tClnpcrab.ll'es itre 110t controlled. 

D. TQCM Operations 

The four baSic operational modes for the TQCM will be (1) prelaunch, 
(2) ascent, (3) orbital, and (4) desccnt. At specific time periods thoTQOM's 
will be operated when the Shuttle is on the ground prior to launch. During this 
time the t'l.'ystal temperatures will be nllw,.'Od to drift with the cargo bny ambient 
t<))'nperature. The data output will be recorded 5 1'nin/h to provide 3n indication 
of the 10ng-te.rl11 cleanliness of the cargo bay. Since the detectors [1.17e desig'ned 
primarily for spacc-vacuum opcration, this ll1eastU'ell1ent will be a gross check 
on carg'o bay conditions. It will NSO serve as a monitor on the condition of the 
'rQCM system. 

During asecnt the TQClVI crystals will continue to 110at with the ambient 
tempcrall.lrc. The transient conditions in pressure and temperature during 
launch, co:rnbined with the effccts of Vibration, will rnake data analysis difficult 
dUl'illg this phase. Since the ascent phase is short (approximately 15 min), the 
frequellcy from thc 'l'QCM's v\"ill be read out ,(t the maxil'\1111)l rate of one fre
quency and temperature readout pOl' second. Because there are five TQCM's, 
this results in each detector being road once evcry 5 s during' ascent. Mass 
adsorbed (or dcsorbcd) can then be compared at each data point with the amoullt 
which was present at lift-off. 

As soon as Lhc "on-orbit" signal is received from the Orbiter, the TQCM > 

system will begin its pl'og1.'nmnH.~d tcmpcrnture sequencing. This sequence is 
shown in :Figurc X-·L The first command will be for the crystnls to g;o to 80°C 
for approxilnately !30 min. This will donn off the deposits from preflight and 
launch tmd establish tho "cletUl frequency." Then the sonsol.'S will be commanded 
to 30 Q C for ono orbit. A 30 min "cle anup" ppriod at 80 ° C will follow. The 11 , 

OliO and -30°C will be COlllllltll1d(}d, with un 80°C "cletU1ltp" period between each 
setting'. The final low tempc'l.'ntui'e setting will be -GooG. After an orbit at this 
low temperature, the crystals' temperatures will bc !'tused in 30 min steps 
through -30,0, and 30 and :finnlly to ~O°C. This pJ.'ocednre is1nt(1)dod to permit 
the calculation of desorpU.on ra.tos be twcen theso spccific temperature brackets 
to aid in charactcrizing the typcs of contaminants. This ratlline will be repeated 
until the "otl"'orbW' mode of the misSi()n is completed. The first data plots will 
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be in terms of mass adsorbed per orbit for each of the four temperatures. 
Desorption rates for the temperature ranges of -60 to -30°C, -30 to ODC, 0 to 
30 DC, and 30 to 80 0 C will also be plotted. The mass associated with the 80 0 C 
setting will also be plotted. Any increase in the frequency of the "cleanup" 
mode will give an indication of NVR buildup which can be caused by photo
polymerization on surfaces which are exposed to the Sun. This will provide an 
interesting comparison to the NVR stage of the Cascade Impactor experiment 
which operates at ambient temperature. 

During the descent portion of the mission, which will last approximately 
2 h, the TQCM system will go back into the ambient temperature, high data rate 
mode. This will continue until the Orbiter has landed and power is turned off. 
Table X-I summarizes the TQCM data recording format for the four mission 
modes. 

Between flights the TQCM system will be refurbished for the next flight. 
This can be done by exchanging the entire system with a flight-ready system or 
by changing the heads, or by removing the heads, exchanging the QCM sensors, 
and reinstalling the he ads. 

TABLE X-I. TQCM DATA RECORDING FORMAT 

Preflight Ascent On-Orbit Descent 

All frequencies and All frequencies and All frequencies and All frequencies and 
temperatul'es recorded tempcmturcs recorded temperatures recorded tempe ratures recorded 

for specific periods. 
a once each G s (tem- once each minute (tem- once each 5 s (tem-

peratures floating with peratures commanded peratures floating' with 
once each hour (tem-

ambicnt) • according to Figure ambient) • 
peratures floating with 

X-4) • 
ambient) • 

a. Sec Table X-2 

E. Data Reporti ng 

After the Orbiter has been ferried back to Kennedy Space Center and the 
IECM is removed from the cargo bay, the data tape win be flown to Marshall 
Space Flight Center. The TQCM data will be copied on magnetic tape which will 
be given to the instrument scientist. The initial data reduction task will be to 
provide plots of data using the format in Table X-2. The data will be processed 
by a Univac 1108 digital computer and plotted on a Cal Comp plotter. The 
computer program will convert crystal frequency changes into mass deposition 
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TABLE X-2. DATA PRESENTATION FORMAT FOR INITIAL REPORT 
-. 

Preflight Ascent On-orbit Descent 

-
Continuous plot of mass Continuous plot of mass Plot of mass accumula- Continuous plot of mass 
deposition and tempera- deposition and tempera- tion rate per orbit at deposition and temperature 
ture of all five sensors ture of each sensor four temperatures, 30, of each sensor versus time -
versus time - one data versus time -',' twelve 0, -30, and -60 DC; twelve data points for each 
point for each sensor data points for each plus plot of total mass sensor per minute. 
per hour for specific sensor per minute. accumulation at 80 DC; 
time periods such as plot of mass desorption 
while in the Orbiter rates for each tempera-
Processing Facility, ture range, -60 to -30 DC, 
and on the Mobile -30 toODC, Otb 30DC, 
Launch Platform while and 30 to BODC; one 
in the Vertical - data point for each 
Assembly Building and '- sensor per minute. 
at the launch pad. 

--- ~---~---~ .. ---.-- -



and compute the mass accumulation rates per orbit and mass desorption rates 
for each of the four temperature ranges. It will provide time correlation of all 
plots. 

The second phase of data analysis will be the correlation of periods of 
high mass accumulation with events and conditions. Examples of events and 
conditions are openings and closings of cargo bay doors, rocket firings for 
attitude control, use of the flash evaporator for water elimination, the opera
tion of the various vents on the Orbiter, leaks of atmospheric gases from the 
cabin, the relative positions of the Orbiter and the Sun and the directionality of 
the molecules (that is, from the direction of the cabin, the wings, or the tail). 

During this second data analysis period, the crystal surfaces will be 
scanned with an electron beam and analyzed using the technique of Auger 
analysis for elemental identification of the residue. Also, photomicrographs 
of the crystal surfaces will be taken. The report on this secortd phase of data 
and analysis will be in terms of mass accumulation versus time curves, and 
mass desorption rates (as in the first report) with annotations, explanations, 
photographs, and analysis results. 

The third phase of data analysis will be open literature publications on 
findings of interest on a nonscheduled basis. 

F. TQCM Measurements on LDEF 
On one of the Orbiter Flight Test (OFT) missions a Long Duration 

Exposure Facility (LDEF) will be carried aloft by the Shuttle and released. 
It will stay in orbit for 6 to 8 months and be retrieved on a future mission. 
A scaled-down version of the IECM will be included in the LDEF for contamina
tion monitoring. Of special interest will be the contamination created during 
deployment of the LDEF. One of the LDEF IECM instruments will be a TQCM. 

The positions of the TQCM heads on the LDEF are shown in Figure X-5. 
The LDEF TQCM system will have only one sensor head mounted in the IECM 
frame. It will be looking in the +Z direction. The other four heads will be 
remotely located at selected locations on the LDEF, as shown in Figure X-5. 
The 3.."'(es refer to Orbiter axes, while the LDEF is in the cargo bay. The TQCM 
on row 6 will be looking at the Orbiter when the LDEF is lifted up out of the 
cargo bay. The LDEF IECM will operate on battery power and will take data 
during deployment and continue until the battery is depleted. For this reason, 
the LDEF TQCM will not go through the command sequencing as described pre
viously but, instead, will be commanded to -30°C and remain at this tempera
ture. The TQCM data are tape recorded and will not be available until LDEF 
retrieval. 
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· INSTRUMENT SPECIFICATION SUMMARY 
TEMPERATURE-CONTROLLED QUARTZ CRYSTAL 

MICROBALANCE (TQCM) 

Physical Characteristics: 

Weight -
Sensor - 2.37 kg (including cables at 5 x 0.2 kg) 
Electronics - ~ kg 

Total 6.87 kg 
Dimensions -

Sensors - 14.8 x 6.4 x 6.4 cm 
Electronics - 33.0 x 191 x 16.0 cm 

Power Requirements: 

Operational mode - 73 W (Cooling All Five Sensors, maximum power) 
Standby mode - 1.85 W 

Performance Data: 
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Sample rates - 12 sample/min/sensor (ascent and descent) 
1 sample/min/sensor (on-orbit) 

Data output -
Frequency (mass) -

Range - 800 to 65 535 Hz = 1.56 X 10-9 to 1.5 x 10-4 gm/cm2 

Resolution - ±1 Hz = ±1. 56 x 10-9 gm/ cm2 

Voltage (-temperature) -
Range - 0 to 5.12 Vdc = -83 to l07DC 
Resolution - ±O. 03 V = ±1 DC 



XI. CRYOGENIC QUARTZ CRYSTAL MI CROBAlANCE 
(I ECM08) 

James A. Fountain 

A. Objective 

The objective of the Cryogenic Quartz Crystal Microbalance (CQCM) 
is to provide a record of the adsorption and desorption of molecular contamina
tion in the Shuttle cargo bay. On specific Shuttle missions when the cargo bay 
is oriented so that it does not receive direct solar heating for long periods of 
time, the CQCM will have the special objective of measuring molecular water 
vapor. This can be accomplished because the passive radiative design of the 
CQCM causes the detector crystals to cool to cryogenic temperatures at which 
molecular water will condense. 

Molecular water will be a major product of the Shuttle Orbiter system. 
It is estimated that the flash evaporator will discharge approximately 141 kg of 
water (in the vapor state) per day in orbit [XI-I]. This is a potential problem 
for cold surfaces such as cooled telescope optics or cryogenic detector packages. 
Because the Orbiter will be traveling between 7 and 8 km/s, the escaping water 
molecules will undergo collisions with ambient molecules which have kinetic 
energies equivalent to 50 000 K. As a result of these collisions, some of the 
H20 molecules will be directed back to the Orbiter. The following expression 
[XI-2j can be used to calculate the ratio of returned molecules to outgoing 
molecules: 

where 

N RNVcr 
ret 0 a a a ;. - 4 ---

N V 8 
out r 

v = the radial velocity of the outgoing molecule 
r 

V = the spacecraft velocity 
a 

cr = the scattering cross section of the colliding molecules 
a 
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N = the ambient molecular density 
a 

R = the spacecraft radius. 
o 

Using values typical of Skylab, Naumann [}''1-3] calculated a return flux ratio 

N 
ret 

N 
out 

0.0023 • 

Using this ratio and the water outgassing value for Skylab, Naumann calculated 
the water return flux; he then calculated a molecular stay time (T) of 810 s. 
Using quartz crystal microbalance data from Skylab, he developed an empirical 
relationship for stay time: 

T = 1. 05 x 10 -16 e 6049/T s 

substituting 810 s for T and solving for T, it was determined that water will 
condense and collect on a surface in space at a temperature of -133°C or lower. 
This figure may vary with Shuttle conditions, but it was used as a design cri
terion for the CQCM experiment. 

B. I nstrument Description 

The CQCM (Fig •. XI-I) was deSigned, developed, and manufactured by 
Faraday Laboratories, Inc., of LaJolla, California [XI-4]. The experiment 
makes use of quartz crystal microbalance technology which ha~ been described 
previously in Section X for the TQCM. The major difference between the CQCM 
and the TQCM is that the CQCM uses passive radiative techniques for detector 
temperature cooling rather than active thermoelectric temperature control. 
For this reason the CQCM uses much less power. 

The location of the CQCM is shown in Figure XI-2. The three major 
components of the CQCM head, as shown in Figure XI-3, are (1) the two quartz 
crystal microbalance sensors, (2) the passive thermal radiator, and (3) the 
electronics and mounting baseplate. Heat input to the CQCM will be from the 
Sun, the Induced Environment Contamination Monitor (IECM) frame, the 
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Figure XI-2. Location of CQCM sensor head on the IECM. 

electronics, and radiation from its surroundings. The sensors are thermally 
coupled (conductively) to the radiator and insulated from the electronics and 
baseplate by four low-conductivity fiberglass epoxy laminate legs. The radiator 
is designed to continually dissipate heat away from the detector crystals so that 
they will always seek lower temperatures. It consists of an array of second
surface, silver-coated quartz mirrors which are attached to an aluminum plate 
plate by a thin layer of RTV 566 adhesive. The quartz mirrors provide a solar 
absorptance (O!) of 0.06 and a thermal emittance (E) of 0.8. When the Orbiter 
is positioned so as to expose the CQCM to sunlight, <heat is reflected away by 
the second-surface silver mirrors. In this way the CQCM provides a very low
power cooled quartz crystal microbalance mass measurement. However, on 
specific missions the Orbiter is programmed to point the cargo bay awr.y from 
the Sun for a number of hours. It is in tIns "cold soak" mode that the CQCM is 
designed to reach cryogenic temperatures. When the heat from the Sun is 
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completely removed, the high emittance of the quartz mirrors cools the CQCM 
radiator and sensors to cryogenic temperatures. The radiator is thermally 
isolated from the rECM frame and electronics to maintain the proper tempera
ture gradient for cryogenic operation. The CQCM radiator has a 27T sr view of 
the 4 K deep space radiation sinkbecause it is mounted flush with the top of the 
rECM. The CQCM head is protec,ted from radiation from its surrolmdings by 
20 layers of gold-coated Kapto(l. (multilayer foil insulation) and is mounted in a 
stainless steel well enclosed on all sides (except the top). Since the rECM 
frame will be heated electrically in the cold-soak mode, the CQCM baseplate 
is also insulated from the stainless steel mounting well by a flat plate made of 
low thermal conductivity thermoset epoxy. 

The CQCM has two quartz crystal microbalance sensors which have 
the same viewing angle. Sensor No.2 is insulated in its coupling to the radiator 
by Teflon washers on the hold-down screws. Sensor No.1 uses metal washers. 
This feature causes sensor No. 2 to lag behind sensor No. 1 for a few minutes 
in reaching lower temperatures. This time lag, or difference in sensor tem
perature at a specific time, plays an important role in data analysis. According 
to vapor pressure models, water will condense on a surface at specific tem
peratures and pressures. The ambient pressure will be determined from mass 
spectrometer data. At specific times selected on the basiS of the vapor pressure 
model, mass accumulation on sensor No.1 (the lower temperature sensor) will 
represent all molecular species collected, including water. Mass data from 
sensor No.2 (the higher temperature sensor) will represent all molecular 
species collected except water. Subtraction of mass data of sensor No.2 from 
mass data of sensor No.1 should yield the water component. 

The temperature difference between detectors can be enhanced by 
activating (in preflight programming) an 80 mW heater mounted in sensor No.2. 
The CQCM also has two other heaters, a 163 mW heater to heat the sensors for 
cleaning purposes and a 470 mW heater to heat the radiator mirrors for cleaning. 

These heaters can be used to give an indication of the .molecules deposited 
using a method described by McKeown [XI-5]. The equation for relating adsorbed 
mass with molecular residence time is 

where 
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Sr :: the nlllouut of matel.'ial present on the CQCM Cl:ystalS after time t 

r ::: the average residence time of the molecule. 
l' 

'T is g'i ven by I' . 

where 

'To :::: t11c vibrational period of the lnttice 

AE :::: the desorption aetivation energy of the deposited molecules 

R ::: the gas COnst~Lllt 

T :: the absolute tempel'ature. 

Solving for tlle desorption aetivation energy 6.E, 

Therefore, wh~n the mass 011 the quartz cl.'ystul microbalance is determined at 
some time, to' and at a temperature of To' the heater can be actuated to cause 

the material to desorb. After some time t, when the temperature T l' beeonles 

constant, Sr can be found; and, using the average of TO and T 1.£01' T, the desorp

tion activation energy call, be detarmined. This value call be compared w1th 
tabulated values in the Uteratm'e for evaluation. 

This procedllre has limitatioll,s. Large tem.perattu'e chrulges will cause 
the activation energies to be avel'oge values of several species. Also, the fact 
that nIl COl1111Hlllds to the IECM instrmnentation mllst be pl'ogrrunuled before 
flight makes the correct timing of beater activation difficult. Howeve:),', tlle 
p,['ocedure can serve as an indicator of the sliccess of the measurement. 
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c. I nstrument Performance 
Based on thermal analyses and laboratory simulation, it is anticipated 

that the CQCM will reach -133°C from 20°C after approximately 12 h in the 
cold-soak mode. This 12 h figure must be regarded as a variable, however, 
because the time that it takes to reach a certain temperature is dependent on 
several factors which cannot be accurately predicted: (1) the starting tem
perature, which is dependent on the Orbiter activities prior to going into the 
cold soak, (2) the heat input from the IECM frame, and (3) the cleanliness of 
the radiator mirrors. 

D. I nstrument Operations 

On the initial OFT the CQCM will be operated on the following operations 
plan. During preflight operations the CQCM will remain covered until the last 
physical access to the cargo bay. During ascent the quartz crystal microbalance 
frequency and temperature channels will be read out in the high data rate mode; 
i. e., each frequency and temperature will be recorded every 5 s. When the 
on-orbit signal is received, the CQCM sensors will be sampled every minute. 
The CQCM sensors will be allowed to seek their minimum temperatures for a 
period of 24 h. Then the 80 mW heater will be activated for a period of 6 h. 
The 470 mW heater will then be activated for 12 h. This sequence will be 
repeated until the de-orbit signal is received. During descent the CQCM detec
tors will float with the ambient temperature, and the frequencies and tempera
tures will be sampled in the high data rate mode. This mode will be maintained 
until the Orbiter has landed and power has been turned off. Instrument opera
tions are summarized in Table XI-I. 

The CQCM will be refurbished between each flight for reuse. This can -
be done by exchanging the entire system and substituting a flight-ready system, 
or by removing the head, replacing the quartz crystal microbalance sensors, 
and reinstalling the head. 

E. Data Reporti ng 

The initial data reduction task will be to provide plots of the mass 
accumulation on the crystal surfaces as a function of temperature and time using 
the format in Table XI-2. The data will be processed by a Univac 1108 digital 
computer and plotted on a Cal Comp plotter. The computer will convert crystal 
frequency changes into mass adsorption and desorption and will calCUlate activa
tion energies for the two temperature ranges which will occur as a result of 
acti vating the two heaters. 
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TABLE XI-I. CQCM OPERATIONS AND DATA RECORDING FORMAT 

Preflight Ascent On-Orbit Descent 

Frequencies and Frequencies and Frequencies and Frequencies and 
temperatures recorded temperatures recorded temperatures recorded temperatures recorded 
for specific periods, once each 5 s once each minute. once each 5 s 
once each hour, after (temperatures floating Heater commands: (temperatures floating 
removal of covers to with ambient). 1. 0-24 h - no with ambient). 
establish preascent command 
mass accumulation 2. 24-30 h - 80 mW 
level. heater actuated 

3. 30-42 h - 470 mW 
heater actuated 

4. Repeat. 

TABLE XI-2. DATA PRESENTATION FORMAT FOR INITIAL REPORT 

Preflight Ascent On-Orbit Descent 

Continuous plot of mass Continuous plot of mass Continuous plot of mass Continuous plot of mass 
deposition and tempera- deposition and tempera- accumulation versus deposition and tempera-
ture of sensors versus ture of sensors versus temperature; tabular ture of each sensor versus I 

time (one data point for ti~e (twel:ve data points presentation of desorp- time (twelve data points 
I 

I 

each sensor per hour for each sensor per tion activation energies for each sensor per I 

for specific time minute) • for two temperature minute) • 
I 

periods) • ranges (one data point 
for each sensor per 
minute) • 

- --~ --- --- -



The second phase of data analysis will be the correlation of periods of 
high mass accumulation with events and conditions. Examples of events and 
conditions are openings and closings of cargo bay doors, rocket firings for 
attitude control, use of the flash evaporator for water elimination, the operation 
of the various vents on the Orbiter, and the relative positions of the Orbiter and 
the Sun. Molecular water content calculations will be presented for the cold
'soak missions. During this second data analysis period, the crystal surfaces 
will be scanned with an electron beam and analyzed using the technique of Auger 
analysis for elemental identification of the residue. Also, photomicrographs of 
the crystal surfaces will be taken. The report on this second phase of data 
analysis will be in terms of mass accumulation versus time curves and of mass 
d('sorption rates (as in the first report) with annotations, explanations, photo
graphs, and analysis results. 

The third phase of data analysis will be open literature publications on 
findings of interest on a nonscheduled basis. 

F. CQCM Measurements on the LDEF 
On one of the OFT missions, the LDEF will be carried aloft by the 

Shuttle and released. It will stay in orbit for 6 to 8 months and be retrieved on 
a future mission. A scaled-down version of the IECM will be included in the 
LDEF for contamination monitoring. Of special interest will be the contamina
tion created during deployment of the LDE1'i'. The LDEF IECM will contain a 
CQCM, as shown in Figure :XI-4. The CQCM. will be identical to the one 
described preyiously for the OFT's. However, it will not reach cryogenic 
temperatures because there is no cold-soak mode, but it will provide a low
power cooled quartz crystal microbalance measurement. The CQCM data are 
tape recorded and will not be available until LDEF retrieval. ' 
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INSTRUMENT SPECIFICATION SUMMARY 
CRYOGENIC QUARTZ CRYSTAL MICROBALANCE 

Physical Characteristics: 

Weight -
Sensor - 1. 05 kg (including cables, at 2 x 0.2 kg) 
Electronics- 0.89 kg 

Total 1. 94 kg 
Dimensions -

Sensor - 16.2 x 15.2 x 8.4 cm 
Electronics - 11.0 x 14.2 x 8.4 cm 

Power Requirements: 

Heating both QCM's plus mirror for cleaning off ice 
(maximum power) - 3.08 W 
Standby mode - 1. 33 W 

Performance Data: 

Sample rates - 12 samples/min (ascent and descent) 
1 sample/min (on-orbit) 

Data output -
Frequency (mass) -

Range - 800 to 65 535 Hz = 1.56 x 10-9 to 1. 56 x 10-4 gm/cm2 

Resolution - -H Hz = ±1. 56 x 10-9 gm/cm2 

Voltage (temperature) -
Range - 0 to 5.12 Vdc = -103 to 37°C 
Resolution - ±0.04 V = ±JOC 
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X II. CAMERAl PHOTOMETER 
(I ECM09) 

Kenneth S. Clifton and Jerry K. Owens 

A. Objective 

Of particular concern to the astronomical community is the effect on 
astronomical experiments of Space Transportation System (STS) induced con
tamination in the form of individual particles and general background. A partic
ular problem is foreseen for the 1.5 m cryogenic infrared telescope proposed 
"for the Shuttle Infrared Telescope Facility (SIRTF) which can detect a particle 
as small as 5 iJ. entering its field-of-view. Even a moderate particulate gen
eration rate by the STS would severely limit the performance of the telescope. 
Such generation rates were, in fact, observed during the Skylab mission by 
the S-052 coronagraph, which detected all average of 7 to 30 sporadic particles 
per hour within a 0.002 sr field-of-view. 

The guidelines recommended by the Contamination Requirements 
Definition Group (CRDG) concerning the particulate background are as follows: 

Production of particles by the STS shall be limited so that an 
average of less than one discernable particle per orbit enters 
a 1. 5 x 10-5 sr field-of-view along any line within 60 deg of the 
+Z axis and this field-of-view contains nodiscernable particles 
for 90 percent of the operational period. A discernabl~ particle 
is a particle with diameter of 5 iJ.m within a range of 10 km. 

To make optical measurements of both the induced particulate environ
ment and the background brightness, two automated Cameral Photometers have 
been placed aboard the Induced Environment Contamination Monitor (IECM) 
unit. 

B. I nstrument Description 

Two Camera/Photometers are located in the IECM as shown in Figure 1-1. 
The units were developed by Epsilon Laboratories, Inc. , Bedford, Massachusetts. 
Each of the two Camera/Photometers is housed within a pressurized canister to 
enable a simplified and efficient operation in the vacuum environment of space. 
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The canister is pressurized to 106 dynes/ cm2 (14.7 lb/ in. 2) and contains a 
standard atmospheric mixture of gases. An initial relative humidity of 20 
percent is utilized to prevent film damage at higher temperatures, and other 
film problems such as static markings, sticking, and reticulation. Further 
information about the effects of environment on film may be found in the 
Appendix. 

Observations of the external contamination environment are made by the 
camera through a quartz window. A multi vaned baffle system is utilized to 
prevent stray light from impinging upon the window and raising the background 
intensity. The baffle is designed to reject scattered light to levels below 10-14 

B (!) for solar angles greater than 60 det~ from the optical axis. A cut-away view 

of this configuration is depicted in Figure XII-1. 

'--- LIGHT BArFlE 

_---- CAMERA/PHOTOMETER 

Figure XII-1. Cameral Photometer configuration. 
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Each of the two canisters houses a 16 mm Model H-16SB Bolex movie 
camera with a nominal film capacity of 4000 frames. The camera is equipped 
with an 18 mm flO. 9 lens with a nominal field of view of 20 deg half angle (lim
ited by baffle design considerations to 10 deg). The camera operates remotely 
and unattended at a rate of 24 frames/h with a maximum exposure duration of 
150 s. A photograph of the camera system is displayed in Figure XII-2. 

Operating in conjunction with the camera is an integrating photometer 
which n10nitors continuously the background brightness. This brightness is 
measured over a dynamic range of 103 centered at 10-13 B • The photometer 

(!) 

also functions to control exposure time by terminating any exposure which 
exceeds a predetermined brightness level. This value is adjustable over a 
range of 10-2 to 10-4 mcs to correspond to film exposure requirements. It 
assures a proper exposure level for each data frame. The photometer also 
inhibits any exposure if ambient light levels al'e too intense. The photometer 
utilized for these operations is an EMR type 521N-01-CM-M4 miniature photo
multiplier tube (PMT). The approximate dimensions of the tube are 10 em in 
length and slightly more than 1 cm in diameter. Light is focused onto the cathode 
through a folded optics arrangement with the same 10 deg half-angle field of view as 
the camera, and the PMT is protected hy a special shutter controlled by appro
priate timing and logic circuitry to operate in a "peek" (i. e. , quick-close, slow
open) mode. Should the background brightness become too intense, the PMT is 
operated in this mode until the intensity is reduced to the normal operating 
range. Further protection against sudden, very high intensity levels is accom
plished through a special high-voltage power supply design. The supply is 
designed to collapse when the dynode current exceeds a designated threshold 
value. 

Due to the sensitivity of the photomultiplier, additional protection is 
provided to the photometer in case of direct solar exposure. This is accom
plished by a photodiode which inhibits both Call1era and photometer operation. 
The threshold value for this operation is adjustable in the range from 10-6 to 

10-10 BEl' 

A spring-loaded shutter actuated by a solenoid latch pin is attached to 
the top-most baffle and used for ther1l1.al protection during any solar roast mode. 
The shutter is activated during periods when the direct solar input energy to the 
Caln~ra is high. During such periods the baffle aperture will absorb almost all 
of the incident radiation, thus increasing the temperature of the package and 
posing potential damage to the film. Again, additional information about 
environmental effects on film may be found in the Appendix. 
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c. I nstrument Performance 

Information regarding the size and velocity distributions of contaminant 
particles is dependent upon a number of measurable parameters. For example, 
the distance and velocity of a particle appearing as a point source can be deter
mined only if the particle image is defocused to a measurable size at the focal 
plane. This can be derived from the geometry of the resulting ray diagram and 
expressed as 

(xn-1) 

where d
i 

is the diameter of the focal plane image, d A and F are the aperture 

size and focal length, respectively, of the optics used, r is the particle dis
tance from the camera, and r is the distarlce at which the camera is focused. 

o 
With the camera focused at infinity, 1/ r = 0 and the expression reduces to 

o 

F 
di = dA r (xn-2) 

Because of the inverse relationship of d. and r, d. decreases as r increases 
1 1 

until at some distance r , the size of the image equals that of a resolving ele
c 

ment of the detector. At this point d. can no longer be accurately measured. 
1 

r is called the critical distance, and it r13presents the limit beyond which no 
c 

size or velocity distribution can be inferred with a single camera. The fact 
that two cameras will be used as a stereoscopic pair allows continued measure
ments of particle distance beyond r with the concomitant capability to evaluate 

c 
particle velocity and an upper limit to particle size. However, even with the 
stereo cameras, particle detection will be limited by the inverse r2 relationship. 
The concerns here, however, will be for the particle within the critical distance. 
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Tho onOl'Lty, E" deli vored to n resot vil1!t 01 om ont of film. (t. 0., tho 
'" f " 

exposure) is l'olatod to the intensity If of in.cident light by 

E :: I t (ATI-3) 
f f 

who1'O t is tho duration of imngo OXpOStll.'o. For vory slow-m.oving 01' statlonary 
pnl.'ticlos tho dUt'alion of imago exposuro (,'ould be limUed by the hltegratiotl 
tim.o of tho instrument. Howevor, ill the ('ase of tho Cllmel'n/l)hotometel's, 
intogrnLiol1 timos of 120 s arc expol'lod during nol'mal opOl'ntioll, and UlO dura
tiOll of hl\ilgO Qxposuro will be determined by tho particle velodty, sinN~ 

• 
whoro d

i
, ot)('O ugnill, is tho dinmot;or of l:t systcm rosolving' clom.ant lllld x

f 
is 

tho writing' spood at tho imugo phu\o of tho pt'trti('lo. Substituting aquat:ion C~'1I-2) 
for d

l 
and uSitlg tho 1'01atiol1s11ip 

v 
(; , .. ="1" ~ 

·'f x r 

whero V t Is tho b:nl1svorso velodty of tho pnrticle, 

t~~ dAli'/lNL := ~ 
l' l' V 

t 

( >..1:I-5) 
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Thus, 

d
A 

E =1 -
f f V 

t 

( XII-7) 

(The 8kylab 8-052 results indicated a typical particle velocity of 1 rnl s. ) 

The intensity, 1 , of light incid~nt on a resolving element at the focal 
f . 

plane of an optical system is composed of the intensity, Is' of light scattered 

by the particle modified by the transmission of the lens, T, and by an intensi
fication factor equal to the ratio of the lens aperture area ( 7T 14 d A 2) to the area 

of the resulting circle of confusion (7T/.:1 d. 2) of the defocused particle such that 
1 

1!:. d 2 
4 A 

E =1 --
f s 1!:.d 2 

4 i 

( }"'1I-8) 

The intensity of sunlight recciv(~d by a detector from a scattering particle 
may be expressed as 

( }"'1I-9) 

where I is the intensity of sunlight incident on the particle, r is the distance of o -
the particle frout the detec/orc;-, and (c1cr I dQ) is the scattering cross-section o 
of the particle. Thus, 
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Since from equation (~'lI-2) d. ;:; d
A 

F / r , 
. 1 

• ( }"'1I-ll) 

The scattering- cross-l:;ection, (dO' / dO )0' of a particle at large scattering 
angles, 0, can be approximated to 

(~~) = ml
2 :$ (sin 0 - 0 cos 0) 

.. 0 
(XII-12) 

where the partide is assumed to be a Lambertian sphere of raditls a and 
albedo A. 

Assuming all albedo of unity, 

• ( }"'II-13) 

Each Camera! Photometer wlll utilize an 18 rnm I! 0.9 lens with a trans
mission factor of 0.9. Optimum observations will be undel'taken at solar angles 
of. 135 deg. A film with charactel'istics equal to 01' better than Kodak 2485 will 
be utilized. Detection of particles will occur at densities of 0 .. 1 above gross 
fog level. Such densities can result in an exposure of 4 x 10-4 mesa Thus, 
equations (Xn-2) and (.'h'1I-13) may now be solved 1.1sing values commensurate 
with the proposed system and observational requirements. Thes.e values are: 

IG) ;:; 1.365 X 105 lumens! m2 

d
A 

:= 0.02 m 

F ;:; 0.018 m 
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T = 0.9 

V
t = 1 mls 

(} = 135 deg 

E = 4 X 10-4 mcs 
f 

These values indicate that a 20 J..t sized particle will be detectable at a 
distance of 18 m for solar angles of 135 deg. By focusing the camera to dis
tances ofless than infinity, smaller particles will be detected at critical dis
tances of less than 18 m. This results from using equation (ATI-1) throughout 
all calculations. The duration of image exposure, equation (XII-6), is modified 
to 

d
A 

(1'0-1') 

t= V (1' - F) 
t 0 

and equation (XII-13) becomes 

d A T (1'0 - F) 2a2 
E

f 
= Ir. -2 ) ( sin 0 - 0 cos e) 

'I!I F V t (1'0 - l' 37T 

(XII-14) 

(xn-15) 

Inserting the appropriate values into the equations indicates that if the focus is 
set at 30 m, a 16 J..t sized particle will be detectable within the 'critical distance 
of 11.3 m. With the focus set at 18 m, the critical distance is reduced to 9 m 
and the threshold detection limit is 11 J..t. 

D. Brightness Measu rements 

In general, the surface brightness, or luminance, of a diffuse image 
such as that resulting from light scattered from a contaminant cloud is related 
to the intenSity of the light received per unit area on a detector surface 

126 



t 
! 
l 

f . 
I 

i 

(illuminance) by the expression 

B= I 
W 

(XII-16) 

where B represents the surface brightness, I is the intensity of the light 
received in lumens/m2, and W is the field-of-view in steradians. This intensity 
is modified, however, at the film plane of a camera by the placement of the fore
optics. The intensity at the film plane, If' may be expressed as 

I = I T 
f @ 

7rd 2 
A 
4 

1 
F2W 

(xn-17) 

where T is the transmission of the lens, (7rd A2) /4 is the area of the lens 

aperture d
A

, and 1/ (F2W) is the area of the image subtended on the film by a 

lens of focal length F. Combining equations (XII-16) and (XII-17), the surface 
brightness may be expressed as 

• (XII-1S) 

Combining B into terms of solar brightness, B/B@, where B@ = 2.02 X 109 

lumens/ m2 Sr, 

B 1 4F2 1 
2 02 X 109 • ",.d 2 T If 

• I' /I A 
• (XII-19) 

B@ 

Since the value of exposure E on the film plane equals the product of the film 
plane intensity, If' and the dUration of exposure, t, 
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(XII-20) 

By using the values set forth previously, the minimum brightness which can be 
detected is 2 x 10-15 B/B(!). 

E. Data and Data Analysis 

The data consist not solely of the photographic film, taken in stereo 
pairs, but also of charts of the photometer outputs and housekeeping signals 
such as a high-voltage monitor. The reduction of the photometer data is 
accomplished by visual technique. The film is developed to predetermined 
specifications which assure the maximum possible speed of the film without 
sacrificing dynamic range. Autoradiography may be used to enhance the image. 
The analysis of the film is performed in-house through the use of the Image 
Data Processing System (IDAPS). 

The IDAPS consists of a terminal minicomputer (with its peripheral 
components) and a host computer. The host computer is an IBM 360/65 with 
1 million bytes of core memory and 1.2 billion bytes of disk, plus a full com
plement of standard computer peripherals. The terminal minicomputer is a 
65K byte Interdata Model 70 with two tape drives, a random access disk, a 
card reader, a line printer, and a teletype. Data can be input into the system 
by magnetic tape, cards, or film. 

The interactive display and control equipment employs disk-refreshed 
digital television for real-time display of digitized images. The major com
ponents of this system include a digital television display generator, four video 
monitors, a user console keyboard, and a graphic trackball d.evice. The digital 
television displays black-and-white images on standard resolution monitors at 
64 levels of intensity, color images of over 4000 different colors, and color 
graphic/ alphanumeric data in 8 different colors. The four television monitors 
include two black-and-white monitors, a color monitor, and a master monitor. 
The master monitor, together with the console keyboard, serves the user in 
controlling and monitoring his imaging-processing operations. While system
control information is being displayed on the master moni'tor, the user may view 
before-and-after results of his image-processing runs on the two black-and
white l11_onitors. The color monitor is used when working with color data or 
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when color-coding black-and-white images. The user console keyboard is used 
for input of alphanumeric parameters and instructions and for initiating "special 
function" operators; thus, it serves as the primary man/ machine interface. 
The graphic trackball interfaces with the digital television display to control a 
position cursor which is displayed on all video monitors to an accuracy of one 
picture element in the standard 480 x 640 array. Positional data may thus be 
transmitted to the minicomputer as the x and y locations of the cursor. 

Autoradiogl~aphy is a technique which provides significant gains in 
emulsion speed and sensitivity through post-processing intensification. These 
autoradiographs are made by expOSU1'e to radiation from the silver of a photo
graphic negati ve that has been activated by nuclear methods. The original 
negati ve is thus reproduced with significant improvernent ill density and contrast. 

F. I nstrument Operation 

Refer to the block diagram of Figure .XlI-3 for the details of the operation 
of the system. 

Operation of the cameras commences with application of power to the 
units. Both cameras operate synchronously by means of special master/ slave 
logic incorporated in each unit. Either camera can be designated as the master 
unit by appropriate external wiring connections made prior to launch. 

At the time of cam,era activation, an internal clock is set to zero and 
commences to reckon time from that point. Exposures are made at 150 s 
intervals for durations determined by the integrating photometer. During each 
exposure the camera shutter is activated by a partial rotation of a stepping 
motor and used in a chopping mode. It operates once per second with an 80 per
cent open duty cycle. In this manner the motion of particles ~nay be isol~l'{ed 
and their l'ates determined. Upon termination of each exposure, the exp6shre 
duration in seconds and the elapsed operational time in minutes is recorded 
onto the edge of the film. This is accomplished by a miniature 7 segment 
LED display whi'ch is focused onto the edge of the film by a folded optical sys
tem. A green display is used to match the response of the film. 
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INSTRUMENT SPECIFICATION SUMMARY 
CAMERA/PHOTOMETER 

Physical Characteristics: 

Total weight - 15. 9 kg 

Dimensions -
Diameter - 32.39 em 
Height - 53. 89 cm 

Power Requirements: 

Film advan~e mode - 47.6 W / camera 
Standby mode - 14.0 W / camera 

Performance Data: 

Data output - Film, and recorded voltage levels 
Sample rates - . 

High-voltage monitor - 1 sample/10 min 
Temperature monitor - 1 sample/lO min 
Instantaneous photometer - 1 sample/ s 

Resolution - 20 J.t particles on film -
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X III. MA S S S PE CTROMETER 
(I ECMIQ) 

Rudolph C. Ruff 

A. Objective 

The Mass Spectrometer has been incorporated into the Induced Environ
ment Contamiliation Monitor (IECM) to perform the required molecular column 
density measurements and molecular return flux measurements as identified by 
various concerned organizations and summarized in the IECM project plan. The 
required performance to yield the molecular column density is to be able to 
measure a collimated flux from 108 to 1017 moleculesl cm2 lsi 0.1 sr from 2 to 
150 atomic mass units (amu). The required performance to yield the molecular 
return flux is to be able to m.easure down to 1010 moleculesl cm2 I s, also from 
2 to 150 amu. 

The purpose of the Mass Spectrometer measurements is twofold. The 
first is to define the offgassing and outgassing molecules transported to surfaces 
in the Shuttle bay for correlation to actual deposition measurements on optical 
and temperature-controlled surfaces. The second is to define the gas cloud 
(induced atmosphere) through which optical experiments must look. 

This instrument is designed to measure collimated flux with a view 
angle of 0.1 sr. This is beneficial in at least three measurements: (1) direc
tional column density, (2) identification of gas scattering cro~s-sections when 
pointed in the vicinity of the velocity vector (ranl direction), and (3) identifica
tion of contamination sources while looking back at the Shuttle from the end of 
the Rem.ote Manipulator System (RMS). 

B. I nstrument Description 

The Mass Spectrometer (Fig. XlII-i), which was developed by the Space 
Research Institute of the University of Michigan, is designed to measure the pres
sure (density) of all gases separated from 1 to 150 amu. To make this measure
ment, the instrument uses a high frequency voltage across four rods or poles to 
separate the various masses, hence the common name quadrupole mass spec
trometer. The system consists of an ion source to ionize the neutral gas 
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molecules with a t:egulated electron beam, an ion focusing system to direct the 
ions into the quadrupole "analyzer," the quadrupole section to "spiral off" all 
ions except those of the desired mass, an electron multiplier to create a current 
pulse for each ion which succeeds in passing through the quadrupole, and the 
electronics necessary to count the pulses and make the total count available for 
recording. 

The selected mass is determined by the voltage and frequency across 
the quadrupole rods from the following equation: 

M oc Vac/f2 

Typical values for this instrument are: 

Mass, M = 150 amu 

Rod voltage, Vac = 400 V peak 

Rod frequency, f = 1.25 MHz. 

Electronic logic built into the instrument will vary both the frequency 
and voltage in discrete steps to allow selection of each amu from 1 to 150 in 
succession. 

To provide directional information about the source of gas molecules, 
a collimator is used to narrow the viewing angle of the instrument. The col
limator (Fig. XITI-2) consists of three chevron baffles which deflect all off-axis 
gas molecules into a volume which contains a large number of sintered zirconium 
powder "getters." These getters adsorb gas molecules because of their very 
large surface area of chemically active materials. 

To make meaningful measurements of neutral particles, the measuring 
instrument must outgas significantly fewer particles than those which one 
expects to measure. To accomplish this the quadrupole tube must be baked at 
3500 C in a good vacuum for several days and then sealed until on-orbit vacuum 
is achieved. During this bake period the getters are also cleaned and activated 
at high temperatures. After sealing, the getters will keep the vacuum in the 
quadl'upole low enough to turn on the Mass Spectrometer for all necessary quali
fication tests and checkout procedures. The instrument orifice must be resealed 
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Figure XTII-2. Collimator design. 

before reentry into the atmosphere to protect the electron multiplier from 
contamination during reentry. 

The valve mechanism to meet the various mechanical and thermal 
requirements is shown attached to the top of the collimator i.n Figure XIn-l. 
The valve for prelaunch sealing (called opening valve) must be bakeable to 
31}0° C and must, therefore, utilize a metal seaUng ring under high compression. 
This compression force is generated by a ceramic rod. At the appropriate time 
after orbit is achieved, a solenoid is activated which releases a spring-loaded 
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arm. The mom ntum of thi rm 1 u d to b k the ce mlc rod. The met I 
cap holdln the metal ealing rin is th n r Ie d and swin s away in a lOde 
ar to expose the Mas pect ometer 0 i ice to pace. Th closln alve doe not 
not n to be expos d to the 3500 bake and, therefore, u llizes a rubbe 
O-rin it much less compression for • U re eipt of the proper s ignal 
from the IE ,a solenoid is a ain used to r elease the sprio -loaded arm whic 
holds the O-rio • 

I is e pecte tha , unless alar e amount of contamination s enco ntered, 
the Mas, pectrom ter will n.·.-ed minimal refurbishment betwe n flight. This 
w uld consist of resealing the etal openin al ve hile und r a nitrogen purge 
and then a simpl. , bake to remove the large nitrogen gas load from the getters. 
The sea ing me('tJ.nism after this and all other vacuum bake operations Is a 
copper pinch-off tube. 

A major contamination of the instrument, su h as a valve malfunction 
or high pr ssur urin a huttle bay do r losin t st, would requIre a major 
refurbishment which invol e leanla 0 re lacement of the electron mu tlpUer 
or a tual dismantling of t e quadrupole fo leanin. 

To better relate the measur d lon-sour e densities in the a s Spec
tromete on the IECM to the efflu nt densities and resulting column densities 0 

contaminant gases, an inflight calibration wlll be performed. The calibration 
will consist of activation of a gas relea e ystem which wlll emit a known flux 
of isotopically la eled water and n on in 0 the colUmat d view of the Mass 
Spe trometer; the backscattere flux ill then e monitored. uffl ient 
quantity of the calibration ga mlxtu e wlll b p ovid d to p rmlt a 45 min 
calibration du in which the n 1 - -attack of the Ma p t.rometer polntin 
vector wll1 be varied between 0 nd 1 0 e. he as reI a flow rate a a 
fun tion of time is hown in Figure X -3. The relation hlp b tween the b ck-
s atter d flu and the known effluent flux den tty a fun tion 0 angle-of-
attack will thus be ob lned. Thi wm provIde the libratlori ne d d to lnter-
pret the m a urem nts of huttle efflu nt . Mor ove 
measur ment provide the b 8i for evalua in the di 
sections or 8 km/ s c,ullision - a mea urement of b 

, the e calibration 
r ntial catterin c oss 
ic phy lcal 1m a 

he c llbratlon ource 111 utiUz a 350 cm3 s I pr urlze to 
10 atm of 22 e, with liquid w ter { ~6 } in uffi'l nt quantity to maintain i s 
vapor preSSU [12 a (23. 5 torr) at 2 0 ]. A total flux of approximately 
3 x 1019 cm -2 s -1 is maintained by regulating the pressure to 3.1 x 10· Pa 
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IECM MASS SPECTROMETER FLOW RATES VERSUS TIME 
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Figure A'1II-3. Gas release flow rate as a function of time. 
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(4.5 Ib/ in. 2) and restricting the flow to 1.33 X 105 Pa cm3/ s (1000 torr cm3/ s) 
to a capillary array of 1 cm2 cross-sectional exit area. The capillary array 
collimates the effluent to a 10 deg half-angle stream into the collimated view of 
the Mass Spectrometer. As the neon in the tanle depletes, the ratio of water to 
neon will increase at a predetermined rate (Fig. XIII-3). 

The calibration will be initiated by opening a solenoid valve upon com
mand by the IECM. It is presently planned that the IECM will receive a signal 
from the Shuttle priol' to the 45 min sweep of ang'le-of-attack. The IECM will 
also command the solenoid valve closed at some predetermined time greater 
than 45 min after initiation. 

Figure A'1II-4 is a simplified schematic of the final layout showing the 
relative sizes and orientation of the components previously discussed. One item 
not previously mentioned is an appendage pump. This pump also contains getter 
material for evacuating the quadrupole and electron multiplier. Both the 
appendage and the collimator getter material have been sized sufficiently large 
to handle the gas load generated on a mission of 100 h looking directly into the 
velocity vector. 

The ion source is positioned in a "thermalizer" volume. Molecules 
which enter within the field-of-view are brought to thermal equilibrium through 
multiple collisions with the wall. The time constant of the thermalizer and 
orifice for reaching equilibrium density with the incident flux is approximately 
1 s. 

Figure A'1II-5 is a block diagram of the Mass Spectrometer. All of the 
relevant control and data lines are shown at the connector to ~e IECM. VALVE 
CLOSE, SPECIAL :lVIASS, and GAS CALIB are functions initiated by the IECM 
fro111 either a pretimed sequence or a Shuttle-generated signal. WDI and WD2 
(word 1 and 2) are the critical signals sent from the IECM to the Mass Spectrom
eter which control the integration time (time spent counting plilses at each amu 
peak) and data transfer. BIT 1 through BIT 8 are the eight digital lines over 
which the actual data are transmitted. MASS FINE and MASS TOP are ground 
control signals not used by the IECM. 
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Figure XIII-4. Sim.plified schematic of final layout of Mass Spectrometer. 
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c. I nstrument Operation 

A typical flight operation sequence would be as follows. 

1. Prelaunch. Since the Mass Spectrometer cannot be exposed to 
atmospheric pressure, four barometric pressure switches have been put in 
series-parallel with the valve control circuitry. This allows full operation of 
the Mass Spectrometer except for valve actuation. The IECM may exercise the 
Mass Spectrometer for a complete system test with no fear of inadvertent valve 
actuation. 

2. Launch. The Mass Spectrometer is off; i. e., the IECM has not 
applied 28 Vdc power. 

3. On-Orbit. Upon receipt of an appropriate signal or after a predeter
mined time, the IECM will app1y power to the Mass Spectrometer and begin 
interrogating the Mass Spectrohteter with timed WDI and WD2 signals. The 
Mass Spectrometer will turn on in an orderly sequence, and the valve will open 
after approximately 24 s. Fronl this point on the instrmnent will automatically 
step through its sequence of amu' s and provide the data to the IECM. It is 
presenf!y planned to have three modes of operation for the Mass Spectrometer, 
all controlled by the IECM. 

The normal mode will be for the IECM to interrogate the Mass Spectrom
eter only once every 2 S; i. e., the pulse count for each amu will be integrated 
for 2 s. This not only limits the amount of data which needs to be recorded, 
but it also provides more counts for those masses with very low pressures. 
Under this normal mode the Mass Spectrometer will step thro.ug·h a complete 
sweep from 1 to 150 amu and then alternate with an equal number of steps on 
the water peak (amu 18). This feature was incorporated because of the impor
tance of water as a contaminant for certain experiments utiliz.ing the infrared 
spectrum and to try to determine the temporal fluctuation of the water cloud. It 
does, however, limit data on other masses to once every 10 min. 

The fast-sweep mode is also generated by the IECM in simply speeding 
up its interrogation rate to once every 0.2 s. This is principally planned for 
the HMS mode where a faster response time is needed to identify contamination 
sources when the IECM is pointed at various surfaces. The double-sweep 
sequence remains in operation, but each mass is recorded every 1.0 111.in. 
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The special mass mode is really an abbreviated sweep mode. It is 
provided by a control signal to the Mass Spectrometer. In this mode the instru
ment only sweeps over the range from 1 to 48 ani:t:.. This mode was incorporated 
to provide a better time resolution during the gas calibration sequence. This 
mode can, however, be used independently and can be utilized in either the 
normal or fast-sweep mode. 

4. Reentry. Before I'Gentry begins, the IECM must send a signal tq 
the Mass Spectrometer to close the orifice valve. The IECM expects to receive 
a signal from the Shuttle to initiate its reentry sequence. 

5. Post-Flight. The instrument is removed from the IECM for refurbi Rh
mente It is planri;ed that the Mass Spectrometer will be replaced with a second 
identical unit between all flights to allow several months for refurbishment in 
case of gross contamination. 

D. Data 

The data system consists of a 24 bit accumulator (16 777215 counts) 
followed by a floating point coriverter. The maximum ion counting rate, con
sidering both electronic limitations and a 50 percent statistical overlap, is 
25 X 106 ions/ s. The floating point converter compresses the data from 24 bits 
to 13 bits, consisting of 9 bits of linear number and 4 bits of multiplier, or 
decimal position. Nine bits equal 512 counts, which gives a digital resolution 
of 0.2 to 0.4 percent for all counts above 512. 

Because the IECM data system is an 8 bit system, two. 8 bit words will 
be given to the fECM processor every 2 s during slow sweep and every 200 ms 
during fast sweep. One of the 3 bits not used for counts will be used to "mark" 
the start of a sweep. Since the mass sweep starts at mass ze!o and indexes 
one mass each time the IECM accepts the 16 bits, no further data are required 
for automatic reduction of the measured mass. 

The remaining 2 bits will be used to multiplex digitized analog house
keeping words. Four masses will be required to assemble one 8 bit house
keeping word. Thus, it is possible to have thirty-eight 8 bit words during one 
scan of 150 masses. 
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occur when look~ng directly into the velocity vector. Under this condition and 
using appropriate values for ambient gas density at orbital attitude, one would 
get 50 x 106 counts/ s for 02 and 64 x 106 counts/ s for N2• This is above the 
maximum calibratable rate of 25 x 106 counts/ s. However, pointing several 
degrees away from ram direction will drop the counting rate to a manageable 
value. 

The requirement to be able to measure a collimated flux down to 108 

molecules/ C11l
2

/ s/ 0.1 s will produce a count (assuming flux is water) of 
5. 7 counts/ s with a statistical uncertainty of 2. 5 counts/ s. Although this 
accuracy is low, it should be noted that the data analysis procedure can reduce 
the uncertainty by combining several successive sweeps to increase the sensi
tivity. Also, the normal data rate is for 2 s integration period. 
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ti INSTRUMENT SPECIFICATION SUMMARY 
:MASS SPECTROMETER 

Physical Characteristics: 

Total weight - 12.7 kg' 

Dirnensiol1s -
Total instrument - 33 x 19.7 x 43 cm 

Power Requirements: 

All active modes - IG W 
Standby mode - 0 W (Orf) 

Performance Data: 

Data output - Hecord dig'ital counts propol'tional to partial pressures 
Sample rates - 0.5/ s slow scall 

5/ s fast scan 
Resolution - :1;1 count 
Accuracy - 0.2 to o. ,1 percent for any counting rate above 512 counts/ s 
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XIV. IEeM SYSTEMS AND THERMAL DESIGN 

Marion L. Teal and Larry W. Russell 

A. I ECM Mechanical and Thermal Design 

An overall view of the Induced Environment Contamination Monitor 
(IECM) as deSigned for the Orbiter Demonstration Flight Instrumentation (DFI) 
is shown in Figure XIV-I. The top panel has the necessary openings to provide 
proper instrument viewing angles. The outline reference dimensions are 
indicated on the figure. Specific instruments and supporting subsystems are 
located in the IECM as depicted in Figure XIV-2. All components are mounted 
with consideration of easy access for disassembly in relation to instrument and 
system refurbishment. The majority of the components are hard-mounted to a 
thermal baseplate with supporting angles and brackets as necessary. 

Figure XIV-I. IECM for DFI. 
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The basic mechanical design incorporates tubular extruded aluminum 
with bolt-on gussets attaching the main members. A photograph of an assembled 
structural mainframe is shown in Figure XIV-3. This unit is used as a struc
tural prototype and fit check unit. An isometric view of the Long Duration 
Exposure Facility (LDEF) IECM is shown in Figure XIV-4 with the associated 
instruments. 

Thermal design requirements included compatibility for flights on LDEF, 
Orbiter Flight Test (OFT), and two Spacelab flights. Passive cooling and hea.t
ing by 2S V heaters were dictated as design guidelines at the beginning of the 
project. Instruments and supporting subsystem components were designed with 
the concept of hardware thermally shorted to a heated baseplate with conduction 
to the IECM top surface, which is coated with S13G-LO for passive cooling. 
The bottom and sides are thermally insulated with aluminum baffles, and elec
trical heaters are use!d to maintain temperatures during the cold case. Require
ments for Demonstration Flight Instrumentation (DFI) vehicle orientation were 
used as shown in Figure XIV-5. Mission 4 was used as the worst-case condition 
for analysis. 

Figure XIV-6 indicates the hardware design as a result of thermal 
analysis. Key design features resulting from thermal analysis include: (1) 
thermal baseplate, (2) resistive heaters, (3) separate battery plate, (4) 
thermal panels, and (5) camera covers. 

A highly conductive 0.95 cm (3/8 in.) aluminum baseplate serves as a 
mounting plate as well as a key thermal design factor. Electrical heaters are 
selectively located on the baseplate to allow up to a maximum of 300 W, including 
the IECM normal power dissipat.ion. A drawing of the baseplate is shown in 
Figure XIV-'t. External thermal panels are coated with S13G-LO with aluminum 
baffles for insulation on the bottom .and sides. The bottom has' four baffles, 
while the sides require two. The camera/photometers incorporate a shutter 
coated with S13G-LO to reduce the camera upper temperature during the hot case. 

B. Data AcquiSition and Control System 

The Data Acquisition and Control System (DACS) is a microprocessor
based data system developed for the IECM. A block diagram of DACS is shown 
in Figure XIV-S. The DACS hardware provides capabilities in three general 
areas: (1) data acquiSition, (2) data proceSSing, and (3) control operations. 
The system design is flexible enough to be adapted to a variety of mission 
requirements through the substitution of appropriate signal interface and 
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memory cards. In addition to ti10 standard complement of DACS cards, the 
system architecture and mechanical design have been implemented to easily 
accommodate special function cards to tailol.' the system for specialized applica
tions. A tabulation of the st::l.l1dard and spocial DACS boards is given ill Table 
)'1V-1. 

TABLE :hlV-l. IEClVI DATA ACQUISITION AND 
CONTROL SYSTEM 

STANDAHD CARDS 

CPtT 

PROM 

2KHAM 

I/O Interface 

Disc,eo te l\luHiplexel' 

1\11:110 g 1\1 ul ti pI exel' 

A/n COllvorter 

Power Stipp] Y 

SPECIAlj CARDS 

Tape Hecordel' Interface 

GS:n~ Interface 

CaS\~adt.l Impactor Interface 

Extol'nal Command Interface 

Data acquisition capability is furnished for boil} analog and discrete 
signal sources. The DACS analog subsystem consists of two cal'd types: (1) 
a G4 channel analog multiplexer card and (2) a 12 bit analog/digital (A/D) C011,

v<n'l.er card. Discrete signnls arc handled by either 111e Gtl channel digitnl 
multiplexer card OJ.' the 72 chmmcl progrtU11l11::thle 1/0 card. The card types 
may be mixed to simultaneously provide both analog and discrete capability. 
Analog data procossillg is further Cllhanced by the multiple data ranges of the 
A/o eonverted card. The AID curd contains u. prog'l'all111u\ble gain runplifier 
offering seven gain ranges. In addiU.oll to the gain ranging, tllC AID converter 
may be operatod either bipolar or unipolar, with inputs of :1:2.5, ::1:5, and d:l0 V 
for bipolar operation, and -15 and nO v fOr llllipoial.' operation. 
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The data processing capability of the DACS includes data accumulation, 
data blocking (formatting), data point compression, time correlation, and data 
storage. With sufficient memory capacity the microprocessor is able to acquire, 
examine, process, and store any data point or combination of data points. 

The system architecture will allow the user a maximum of 64K bytes of 
memory capacity. Memory is currently implemented with two standard cards, 
a 16K byte PROM card and a 2K byte RAM card. The PROM cards can be 
obtained with three different chip technologies: (1) ultraviolet eraseable 
PROM, (2) fisible link PROM, or (3) mask programmed ROM. The PROM 
card capacity is also expandable from lK byte to 16K bytes in 1K byte 
increments. 

To complement the two existing memory cards, a larger capacity RAM 
card is currently being considered for development. This large capacity RAM 
will be either 8K or 16K bytes. 

The control operations are performed by the DACS through the I/O cards 
and special function cards. Control operations may be initiated by several con
ditions. The basic methods of initiating control operations are: (1) time 
sequence initiated operations, (2) external interrupt initiated operations, and 
(3) data initiated operations. The approach to initiating control and data opera
tions allows the DACS to use any type of input event (interrupt, analog data, 
digital data), in addition to the central processing unit real-time clock, to 
control program selection. 

The mechanical design of the DACS features proven spa.ce environment 
packaging implemented with plug-in cards. Low-cost housing components, 
double-sided pri.nted circuit boards, and standard interface harness cables have 
been utilized to minimize productio~ costs. All electronic circuitry is mounted 
on plug'-in cards to allow easy replacement for component repairs and system 
modifications. The large number of available external interface pins (approxi
mately 630) allows the nAcs package to be used in numerO'JS ~pplications 
involving data sampling and control operations. 

The DACS and the power distributor are being built by SCI Systems, Inc. 

C. Tape Recorder 

The flight dat!l from the IECM instrumeds will be stored in an on~board 
tape recorder. The tape recorder is a Lockheed Electronics Company Model 
4200 with a total storage capacity of approximately 40 million bj.ts. The IECM 
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data. is buffered, blocked, and formatted by the DACS a.nd is then fed serially to 
the tape recorder in 4 s bursts at a ;:1 Kbit rate. This type of tape recorder will 
a.lso be used on the Thermal Control Surfaces E}q)eriment (TCSE) to be flown 
on the LDEF mission. 

D. Electrical System 

The primary components of the IECM electrical system are the power 
distributor, the voltage regulator, the internal storage batteries, and the inter
face to the Orbiter 28 Vdc power bus. The IECM has the capability of receiving 
electrical power [rom either the Orbiter power bus or its own internal batteries. 
This capability is necessary since the Orbiter power, which is the pl'imary 
power for the IECM, is not available during certain critical phases of the 
mission when it is desired to have the IECl\'! operational, requiring a switch to 
battery power. The 28 Vdc regulator is being supplied to the IECM program by 
Marshall Space Flight Center's Electronics and Control Laboratory, as are the 
IECM batteries. The power distributor, operating' under the direct control of 
the nACS, ::lccomplishes all the required input power switching and the dish'ibu
tion of switd\1Cd, fl)stJd power to each IECM instrument. As mentioned previously, 
the power di$.i':libtltor is built by SCI Systems, Inc. The IECM batteries, built by 
Eagle-Pitcher, were originally designed for use on the Solid Rocket Booster 
(SRB) program. The normal complement of three batteries (18 A-h each) are 
diodcd together and mounted to the IECIVI thermal baseplate. The batteries have 
suffiCient capacity to provide power for IECM operation dming the normal ascent, 
descent, and post-landing phases of the flight and also for RMS/IECM activity 
planned for one of the OFT' missions. A typical IECM po\ver profile for an OFT 
mission is shown in Figl1re }"'1V -9. 

E. Calibration and Testing of thelECM 

Testing of the IECM hardware will be accomplished by :Marshall Space 
Flight Center and the integTation contractor as prescribed by the detailed' test 
procedure. 

The lead engineer is responsible to see that tbe IECM as a system is 
quuliilcd to design speCification G 1 Ml 0027. 

The following t..lsts will be accomplished on the IECM at the system level: 
(1) prequalification acceptance test, (2) operational temperature test, (3) 
nonoperational temperature test, (4) humidity test, (G) thermal vacuum test, 
(G) vibration test, (7) acoustic test, (R) electromagnetic compatibility test, 
(9) contaminant outgassing test, and (10) night acceptance test. 
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An operational function test will be performed between each test and 
during specific tests to velify instrument performance to specification. A visual 
inspection will be accomplished after each test. 

A test report will be generated by the testing organization at the con
clusion of the testing of each instrument and a system test report at the con
clusion of the system test. 

Each instrument scientist is responsible for the calibration and qualifica
tion of his instrument plior'to deli very to the integration contractor. 
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IECM SYSTEM SUMMARY 

Physical Characteristics: 

Weight - 781 lb 
Dimensions - 48.5 x 33.5 x 30.25 in. 
structure material - Aluminum 

Electrical: 

Power - Orbiter or IECM batteries nominal power dissipated is 150 W 
at 28 Vdc. Maximum power, including thermal, is 300 W 

Battery capability -Three lithium 18 A-h, for total of 54 A-h at 28 V 
Data system - 128 analog channels, 256 discrete inputs, 144 discrete 

outputs, 2 serial ports, programmable memory, 
3.4 x 107 bits total data storage 

Thermal: 
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Temperature range .. - IECM baseplate is conditioned from 0 to 70°C 
Cooling - Passive utilizing S13G-LO thermal coating 
Heating - 28 V electrical heaters thermally controlled by the data system 



XV. PREFLIGHT AND GROUND OPERATIONS 

Charles W. Davis 

The Induced Environment Contamination Monitor (IECM) experiment 
package will have ground support equipment (GSE) that will fulfill all the 
expected requirements for g'l'ound operations. The handling equipment will 
consist of a shipping container, a truck pallet, and a 907 kg (2000 lb) 
capacity portable crane. The trucl{ pallet will be used for mOving the IECM 
while in the laboratory. It will have a hydraulic lift so that the IECM can be 
lUted 15 cm above the floor for gaining access to the bottom of the package. 
The crane will be used for moving the IECM between the. shipping container and 
the truck pallet and for other tasks as required. 

The electl"ical GSE for the IECM will consist of several components 
mounted in a modular electrOnics desk. The components of the desk will include 
an Intel microcomputer development system with 64K bytes of RAM, and Intel 
dual floppy diskette operating system, a PROMeraser and programmer, a Texas 
Instruments Silent 700 terminal, a Lear Siegler CRT, a Lamda power supply, 
and l"eproduce electronics for the IECM tape recorder. The desk when loaded 
with its components will weigh approximately 363 kg (800 lb). 

The electrical GSE will be able to simulate all IECM system interfaces 
to the Data Acquisition and Control System (DACS), in addition to being able'to 
test and operate the IECM after the DACS is integrated. Thus, the GSE will be 
used fOl" testing the nACS before it is integrated and for testing the IECM after 
the system integration is complete. After testing is completed, the GSE can be 
used for taking data from the IECM instruments via the nACS •. That is, the 
DACS will control the IECM and take the data; after collection, the data will be 
transmitted to the GSE. Ground data that are collected will be stored on floppy 

diskettes. 

The GSE will also be used for the development of flight software for the 
IECM DACS and other software as required. The developed software will be 
transferred in the DACS memory for flight. 

Th(~ IECM will be refurbished' and prepared for flight at Marshall Space 
Flight Center and then shipped to Kennedy Space Center for installation in the 
Orbiter. The GSE will be used to perform a functional test on the IECM before 
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the package is installed in the Orbiter Processing Facility (OPF) building. 
Once installed in the Orbiter, the GSE will be linked to the IECM through a T-O 
interface. This interface will allow the testing of Orbiter interfaces, testing of 
the IECM, and prelaunch data collection. Access to the T-O umbilical will be 
available in the Mobile Launch Platform (MLP). Therefore, the capability is 
available to take data while the Orbiter is in the OPF and on the MLP. This 
capability will not exist while the Orbiter is being moved or while it is in the 
Vertical Assembly Buildillg (VAB) , nor will physical access be allowed during 
these times. 

The ex~(}t amount of data to be collected during prelaunch has not been 
determined, but it is expected that data will be collected through the T-O inter
face during major events, such as before movement of the Orbiter to the VAB. 
When data are collected, the following instruments will be operated: Optical 
Effects Module, Temperature-Controlled Quartz Crystal Microbalance, 
Cascade Impactor, Dew Point Hygrometer, and Humidity Monitor. Also, the 
pump on the Air Sampler will run, and bottle No. 1 will be changed at some 
interval to be determined. Sample trays on the Passive Sample Array will be 
changed out before major events, with the last change coming at the last 
physical access to the IEeM. 

Access to the IECM will be provided when the Orbiter bay doors are 
open. At the last access before flight, the instrument covers will be removed, 
pyrotechnics will be armed, and final system preparations will be made. 

The IECM will continue in the descent mode for 1 hour after the Orbiter 
lands. At the first access after flight, the following will be done: 

1) The entire Passive Sample Array will be removed and packaged for 
shipment to Marshall Space Flight Center. A new Passive Sample Array will be 
installed for Orbiter landings at Edwards Air Force Base. 

2) The bottles in the Air Sampler system will be capp~d. 

3) Covers will be put on instrmnents except for the Passive Sample Array. 

4) Pyrotechnics will be disarmed on the .Air Sampler. 

5) The main power switch on the top of the IECM will be moved to off. 

Later, the IEeM will be retlU'·ned to Marshall Space Flight Center for refurbish
ment, which will include dumping the tape recorder. For details on refurbish
ment, see the IEeM refurbishment plan. For more details on ground operations, 
see the IECM/OFT ground operations plan. 
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XVI. FLIGHT OPERATION AND DATA REDUCTION 
Marion L. Teal and Charles W. Davis 

A. Flight Schedule 

The Induced Environment Contamination Monitor (IECM), mounted on 
the Development Flight Instrumentation (DF!) pallet, will fly on all six Orbiter 
Flight Tests (OFT's). on the Long Duration Exposure Facility (LDEF), and on 
the first two Spacelab flights. A milestone schedule for the IECM is shown 
in Figure XVI-i. 

~.r 
/ 

B. Flig~t Operations 

In flight, operations of the IECM may be described relative to the pro
grams OFT, LDEF, and Spacelab. 

1. QEI.. Two modes are planned for the IECM during OFT's: fix
mounted to the DFI pallet and maneuverable by the remote manipulator arm. 
OFT's 1, 2, 5, and 6 are missions with the IECM fixed on the DFI pallet. 
Ascent, on-orbit, and descent are the three operational phases for the fixed 
mode. Tbe instruments that are operative during the different mission phases 
are shown In Figure XVI-2. A high data rate command puts the Mass Spectrome
ter in a high data rate mode in addition to selected instruments continuing to 
operate as defined under the on-'·orbit mode. The high data rate command is 
activated by the Orbiter crew. This command is also used to turn the Mass 
Spectrometer "on" or "off" as preprogrammed in the data system. Ascent, 
on-orbit, and descent commands are preprogrammed Orbiter-issued commands. 
Post-landing data a:re taken for 1 h after touchdown in the same mode as descent. 

The Remob:) Manipulator System (RMS) mode is an operational mode, in 
addition to ascent, on-orbit, and descent, that is performed during OFT missions 
3 and 4. The RMS mode allows the IECM to perfqrm contamination mapping in 
and around the Orbiter to the extent of maneuverability of the Orbiter RMS. 
Instruments that are operational are indicated in Figure XVI-2. The IECM is 
designed for a 4 h RMS mode of operation. 

2. LDEF. The IECM scheduled for flight on the LDEF includes the 
Passive Sample Array, Optical Effects Module, Cryogenic Quartz Crystal 
Microbalance, and five Temperature-Controlled Quartz Crystal Microbalances. 
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A launch command from the Orbiter will initiate the IECM, and the Optical 
Effects Module will be powered during ascent by IECM batteries. Active data 
will not be taken during ascent. An on-orbit command will be received from the 
Orbiter multiplexer-demultiplexer (MDM) after orbital altitude has been 
achieved, and contamination data will be collected from all instruments and 
stored on a magnetic tape recorder. A deployment command will be sent to the 
IECM from the LDEF, and data will be taken during' deployment and approxi
mately 20 h after the LDEF is a free-flying payload. After the LDEF is 
retrieved and returned to Earth, theJ,ECM data will be reduced from the 
magnetic tape and analyzed. 

3. Spacelab. The IECM is scheduled to fly on Spacelab as part of the 
Verification Flight Instrumentation (VFI). Flight operation of the IECM on the 
Spacelab is the same as the on-orbit phase of the OFT series. The high data 
rate command is also crew activated on Spacelab with the same IECM operation 
as defined for OFT. The instruments operating during these modes are shown 
in Figure XVI -2. 

c. Data Reduction 

After euch mission, the tape recorder will be returned to Marshall 
Space Flig'ht Center where the flight data will be reml;/ved and transferred to 
nine-track tape [or computer analysis. The flight data will be combined with 
Orbiter d~lta ftu'nished by Johnson Space Center for a comprehensive analysis. 
FOl' a listing of resulting piots, graphs, and tables, see the IECM ground 
operations pl an. 
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XVII. SUMMARY 

Edgar R. Miller 

The Induced Environment Contamination Monitor (IECM), with its C0111.

plex of 11 instruments, will provide a comprehensive set of contamination and 
envir<;.'!lment data which will provide a basis for judging the adequacy of the 
Space Shuttle Tran,sportation System (STS) to meet the requirements of the 
large variety of its payloads. In addition, the data will help define the nature 
and location of contamination sources, whether the source is known or 
unexpected. 

These data will be obtained during' all phases of Shuttle operations during 
the Orbiter Flight Tests (OFT's) and Spacelabs 1 and 2. Additional data on 
satellite deployment by the Shuttle will be obtained by the Long Duration Expo
sure Facility (LDEF) /IECM and the mapping of Shu ttle with the Remote Manipu
lator System (R MS) and the Demonstration Flight Instrumentation (DFI) /IECM 
tmit planned for OFT's 3 and 4 will provide direct data on emitted contaminants 
as well as Vernier Rocket Control System (VHeS) engine plume and flash 
evaporator pressure and flow characteristics. 
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APPEND IX 

EFFECTS OF ENV I RONMENTAL EXTREMES ON FI LMS 

The factors which can cause degradation of photographic film are time, 
temperature, and humidity. Storage of film in a refrigeration unit before launch 
and after touchdown will minimize the effects on speed, contrast, and gross fog. 
Higher than normal temperatures and humidities will significantly increase the 
level of gross fog and decrease both speed and contrast. Low humidities can 
result in cracks and tears in the em.ulsion and static electric markings, while 
high humidities cause "moisture static" markings, sticking together of layers 
of rolled film, and separation of the emulsion from the backing during unwinding 
from rolls. 

Since the limits reC01111?ended by film manufacturers are unsuitable for 
spacecraft applications, a test program was performed by Martin Marietta, 
Denver Division, to determine the optimum environmental parameters for the 
Skylab films. The tests included type 2485 film and Tri-X film, which are 
candidates for use on the Induced Environment Contamination Monitor (IECM). 

The general effect of temperature variation is an increase in the gross 
fog and an upward shift of the response curve on the density scale with increasing 
temperature. These effects were more dynamic on the lower exposure end of 
the curve and cause a decrease in both gamma and density range. There also 
appears to be a very slight decrease in speed. 

Degradation resulting from relative humidity is more severe than that 
from temperature. Fading of the latent image resulted from increased humidity 
and occurred primarily for high exposure values. This, again, caused a decrease 
in the density range and the gamma. There is also a significant decrease in the 
speed. 

When the combined effects of temperature and humidity are considered, 
the situation becomes worse. High temperat·ures have a tendency to accelerate 
the effects of humidity. 

The physical properties of the film also suffer from increased tempera
ture and humidity. During the tests, difficulty was experienced in removing 
from the holders the film strips processed at 90 percent relative humidity. 
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Close examination revealed that the gelatin coating on the film had been softened 
by the high humidity and then stuck to the holder. Increased temperature also 
increased the speed and severity of the sticking. 

Based upon the testing of latent image degradation by environmental 
extremes, it Wi'!,S determined that 90 percent relative humidity is absolutely 
unacceptable at any temperature. A temperature of 49°C (120°F) or greater 
was also unacceptable. Temperatures up to 38°C (100°F) are considered 
marginally acceptable for limited periods of time if low humidity is maintained. 
For long periods of time, 50 percent and 20 percent relative humidity at 27° C 
(80°F) were found to be acceptable environments. Allowing the humidity to fall 
below 20 percent may cause reticulation and static electric distortion of the 
data. It should be remembered that this information pertains only to latent 
image degradation. Indications are that the degradation to the sensitivity of 
unexposed film caused by these factors may be more extreme than that to the 
latent image. 

On the basis of the previously stated facts, it is believed that optimum 
results will be realized with the IECM Carnera/ Photometer using a hum.idity 
slightly above 20 percent and a temperature no higher than 38° C (100°F). An 
increase in these parameters will reduce the threshold of detectability of this 
instrument. A significant increase in these parameters will reduce the prob
ability of successful completion of the mission of this instrument. 
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