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GEMERAL DESCRIPTION OF OPTICAL EFFECTS MODULE

A} BASIC FUNCTIONS

The basic funciion of the Optical Effects Module is fo determine the possible
degradation of optical sumples exposed to the affluent gases and particuiate maiter ema-
nating from the paylaad of the Space Transportation System during orbital operations.

The method adopied consists in measuring two optical parameters for five samples
éxposed to this environment, nomely transmittance and diffuse reflectance, Any changes
detected in these parameters as a funciion of time during the mission are then atiributable
to surface contamination or 1o increased material absorption.

These basic functions are atiained in the Opiical Effects Module by virtue of the
following subsystems:

| Module Enclosure
Light Source with Collimator and Moduiater
Sample Wheel with Holders and Rotary Prive
Photomultipliers for Radiation Detection
Processing and Sequencing Elecironic Circuitry

Power Conditioning Inierfaces

The functions of these subsystems are reviewad here and specified in more detail

in this technical presentation.

B) MODULE ENCLOSURE

The Module Enclosure provides the housing for the optical instrumentation and

for the processing electronics. Furthermore, the outer surfoces of this enclosure are
P 2| P

qu
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designed to stabilize the thermal excursions of fh.e pciage and fo reject heat info the
coupling rail of the IECM,

The baseplate is & mm thick aluminum tcolpicie 6061-T6 with provisions for
bolting the same by means of six 1/4-20 stainless steel screws to the IECM rail, This
baseplate is 28 x 28 e (11 x 11 inz) and it provides the framework for attachment
of all the other sidepques and rigidizing structures, This baseplate is qround to
a finish of 60 pinch to insure minimizaﬁon of the temperature gradient at the rail
interfaca,

Two "L " s'hc.:ped aluminum bars are bolted along the length of the baseplate
providing a rigidizing support. Each leg of the ” L " is 6 mm thick and 32 mm wide, the
railsare 28 em long (11 in ),

The optical plate of the OEM separates the package into two volumes which
are approximately ecual. The fop compartment houses all the optical elements, fhe
source and a portion of the sample wheel. The other compartment contains the
electronic subsystems, power supplies and the stepping motor for driving the sample

wheel. This optical plate is secured to the base rails by means of six 8=32 stainless

- steel screws. The optical plate is 6 mm thick aluminem <0C1-TG.

The optical plate serves a further purpose in that it provides structural rigidity
for the remainder of the package in a plane orthogonul to the baseplate. Additional
" L " sections are attached to this glate to prov.ide tateral ribbing.

In vi ew of the weighi restrictions, all the covering surfaces are aluminum plate
6061-T6 1.6 mm (0.0.2 in) thick. All the plates are sscurely fastened fogether

with 6=32 and 8-32 stainless steel screws provided with lockwashers.
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The external surfaces of the plates are treated to achieve thermal stability
of the package. The selected finish for various surfaues is described in the section on
Thermal Analysis.

As previously indicated, the electronic and optical compariments are separated
by the optical plate, but not hermetically. However . carcful controi is being exerted
on fhe materials to be uzed to minimize outgassing effects. Ouigassing from the stepping
motar cmv.:l power supply inverter has already been examined af the MSFC facilities by

means of quadrupole mass specirometer and found to be within completely accepiabl e limits.

C) LIGHT SOURCE AND MODULATOR

The illumination of tiie sample is provided by a low pressure, cold cathode mercury
vapor discharge lamp. A double Lore tubing of fused quartz contains *he active plasma
medium and {imits fransmission of radiation to wavelengths fonger than 1600 5; o 1he
principal radiance of the light source is due to the Hy L line ai 253¢,52 ﬁo\.. The brems~
strahlung background and ofher lines contribute fo oniy ¢% of the total irradiance,

.The lamp selected for this operation is the Hamamatsy Model 1L937-001 with a
lighted region of 25 mm length and a fube diometer of about & mm.

The experiments conducted during the Prelimiary Design Phase ( PDP ) have
indicated that the lifetime of this source Is severely reduced if operated under DC conditions.
Since the breakdown voliage of this lamp ranges into the region of 1350 V for ambient
temperafures from 0°C to 25°C, wa require an AC power supply featuring a crest voltage
to reliably fonize the lamp.

The AC power supply drives  the lamp af 1.6 kidz, This power supply has been

fested with good results and is suitable for spoce enviconment,
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e

Modulation of the beam will be provided by a Bulova tuning {"oﬂc chopper. The
frequency of this device s around 200 Hz, so that approximotely 8 lamp current
modulation cycles will be contained in one chopper cycle envelope.

The tuning chepper provides a synchronous signal for lock=in amplification. An
isolation transformer is used to decouple the #28 VDC ground from the signal ground as

recuired by the IECM guidelines.

&) SAMPLE WHEEL WITH HOLDERS AND ROTARY DRIVE

The sample holder subsystem features a carrouset configuration with six sample
positions. The wheel of fhe carrousel is an aluminum disc of 230 mm ( 9 inch ) diameter
and 3 mm thickness fastened fo a spindle which is supporfed on three axial bearings,

The sample wheel 15 driven at 90° to the axial drive shafi by means of a worm

gear assembly.

A stepping motor is securely fastened by means of a 90° bracket o the underside

1 of the optical plate, This motor  provides positive and accurate displacement of the
wheel, The worm gear is adopted to generate a natural detent to prevent slippage of the
sample wheel during the power-off cycle, The stepning moter features a stepping in-~
crement of 7.5° and it requires 0.5 sec fo index to sach subsecuent sample position in
100 drive steps. This includes the ratio of the worm gear which is 12,5:1,

A photodetector-LED combination will be used to generate location information
and for interfacing the processing electronics.,

The five samples will be installed on sample holders spaced 40° apart. Ons

empty samplie helder will be used for normalizing purposes.

E) PHOTOMULTIPLIER RADIATION DETECTORS

The radiation fransmitted through the sumplos or diffusely scattered will be de~

tected by two photamulfipiiers.
-l -
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The photomultiplier tube ( PMT ) for the frarsmission measurement will be
operated at approximately ~1000 VDC at a current amplification factor of approximately
103,

The PMT for the scattered intensity will be operated at <1560 VDC at a current
amplification factar of 2 » 10°.

The PMT's are the EMR Medel 510F=09-13.  One power supply s used fo
feed both PMT’s,

The fransmitfed and scattered radiation signals are modulated at a frequency of

1.6 kHz,

F ) PROCESSING ELECTROMICS AND ELECTRICAL INTERFACES

The electronic subsystems comprises all the circuiiry necessary to drive the
sampling wheel in a predefermined iime cycle, sense positions and stop at each sample
for the measurements and complete the seauence, The signals are processed by
synchronous [ock«in amplification and the rectified rms {evels are made available for
recording.

All the electrical power recuired for these functions and also for energizing the
UV famp and the radiation modulator are derived from fhe 28 VDC line by solid state
inverter packages.

These componentis are properly located below the optical plate to which they are

fastened for the required heat~sinking.
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RRECUDUNG BAGE BLANE NOT Fiiidd

RADIATIVE AND THERMAL EiVIRONMENT

A) DESCRIPTIVE PARAMETERS

A primary objective in the preparation of the external surfaces of the CEM is fo
_insure temperature stability of the package. This aim is pursued not enly to safeguard
the integrity of the components, but, more fmmedio‘reiy, to achiave the accuracy required
for the sample transmission and scattering measurements. Effecis induced by temperature
drifis in the elecironic components are examined in another section of this review.
The femperature stability of the package is pradicated by the radiative and thermal
environment which is analyzed in this section, The following parameters are of basic

importance in determining the time profile of the temperature of the OEM:

1) Internal Dissipation

The time cycle of the OEM is assumed to be characterized by a duty factor of
0.15, opproximately. Some components must be energized continuously, whereos other
subsystems are operated only during the on~time of the cyrle, This results in an average
internal dissipation of 25 - 26 W, If this dissipation is related to the OEM surface

2 s defined by the radiative mask ),

available for radiative heat exchange (A =355 cm
we obtain a power density of 5,6 « 1072 W/ em?, Assuming o ratio of solar absorptance
to emissivity ¥/ ¢ = 1, we can compute an equilibrium temperature of the package of

approximately 75°C.

This figure is obtained under complete decoupling of the OEM from the thermal rail.

2} Thermal Power from Insolation

For the normalized altitude of several missions { = /R, = 220 km/6373 km =

£.035 ), the percentage of sunlight per orbif remains ~pproximately constant for a range

-]
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of orbital aititudes { angle B between ecliptic and spacecraft orbit )e Thus, a 60%/40%
apportionment between sunlight and dorkness applies ro a number of sifuations. This
factor is used to weigh the absorbed soler flux.

The thermal power due to insolation is compuied to 47 W, if the previously in-
dicated surface of 355 cm? is exposed to the solar flux, The solar absorptance o determines
the fraction of this thermal power which is actually abserbed by the OEM system,

:fhe influx due to terrestrial emission (2 W ) and albedo ( 1 W ) represent
rather minor components and these can be incorporated during the computations in the

time average of the insolation,

3) Power Emitted by Reradiation

The power reradiaicd by the OEM into outer space is readily computed under
assumption of a surface emissivity ¢ = 0.35 and a package temperature of 330°K, The

radiated poveer is about 14 W,

4) Heat Exchanne under Blanket

We assume that under the blanket the different packages will be in a state of
quasi-equilibrium. The argumeni for this is simply that the thermal reil will be shory-
circuiting the packages, The residual differences wili be due to the thermal confuct
discontinuity., For the OEM, we have specified an accepianle thermal contact conduciance
which will lead to a step transition of 1,46°C for a maximum flow of L5 W,

If a similar transition exists between adjacant packases, the tempe,ature dif-
ference cannot exceed 3° - 5¥C, Under these conditions and for ¢ = 0,2, we expect
the radiative exchange o be less than 1 W / 1000 c.a® of inferacting surfoce.

Thus, the dominant process under the blanket will be vhermal ecuilibration by

conduction to the rail with a minor radiative exchange supsrimposed,

-2
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5} Leakage to Surrounding Spacecraft

The leakage by conduction and radiation to the spacecraft structure cannot be
readily computed because of unknown geometrical foctors. However, we can simplify
the problem by assuming conductive decoupling and radiative eichange to a surrounding
blanket of idealized spnerical structure.

The total OEM surface, excluding the frontai surface which Is in radiative

2

exchange with space, amounts fo 5130 cm®, This includes e bottom plate in contact
with the thermal rail, If the surfaces are clean aluminum, the emissivity ¢ = 0,04,
The emissivity of the surrounding blanket will be ¢, = 0,03, For the temperature of

the OEM we assume 320°X and for that of the blanket 230°X. The radiative leakage

will be 7 W,

B) TYPICAL TEMPERATURE CYCLES

1) OEM Decounled from Thermal Rail

These paramaters provide fhe input for calculations wiich are carried out under
different approximations. The first model of inferest is onz in which the QEM is fully
decoupled from the therma! rail. Vve have programimed fine descriptive ecuations of nis
syster and we can input the following variables: solar aisorptance ¥, emissivity of
OEM front surface &, initial femperature of OEvi T, , sunliant/darkness cycle wiich is
slighily 3-denendent, We can tihen follow the temperature rise of the package under
different assumntions for these variasles and for complete decoupling from *he thermal
rail, Attached to this section of the review are prini~ouis for a feys situations of interest,

We have first examinad the case for which @/t = 1. This sifuation is met

tynically for » = 0.%cand = = 0.35 which yields o/¢ = 1,05, In this case, we should

have a black anodized front surface with a coarse sandlast {inish,

-‘3-:
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The second case covers another extreme with ¥ /¢ =0,25/0.9 = 0.28. This
finish is achieved by application of a suitable paint ( esgs Cadillac white, or similar ).

The first case has been followed for 20 orbits, corresponding approximately fo the
30 hours of the OFT-1 mission. We nofice that the i‘em[;erai'ure rise/ ofbif is akout
2,6°C and that this increment tapers off to about 2°C towards the end of the 20th orbif,
This case is characterized by /e = 0.9/ 85 = 1,06 and the resultant end
temperature is 74°C = 347°K|

The second case has been followed for o similar period and the temperature in-
crease is only 1°C/ orbit, resulting in a final temperature of 44°C = 317°K, Here,
the «/¢ = 0.25/0.90 = 0.23,

The second approach would be more suitable fo the thermal environment of the
OEM, since it would minimize temperature fluctuations. However, the serious drawback
is that a painted surface would be required in the immediate proximity of the samples.
Inspits of the tested durability of selected painis, there is no way of avoiding deterioration
and flaking under the actien of external UV radiaticn, Hence, these particles would
immediately deposit on the closest dielectric surface under the action of the accumulated
charge. IThus, we foresee deposition on the exposed rampies.

The next step s fo test the same configurations under coupling to the thermal rail

to determine if the temperature excursion of the first case con be suitably limited.

2) OEM Coupled o Thermal Rail

The previous computations have indicated that the OEM could be maintained in
operation only with o/e = 0.3, if it were decoupled from the rail.
The next step is to introduce the mass of the added rail contribuiing fo the thermal

inertia of the system. Thus, to the OEM mass of approximciely 12,000 gm, we add the
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rail mass of 30,390 gm for a total mass of 42,390 gm. To minimize the complexity of the
tfreatment, we ignore the coupling fothe other packciges of the IECM.

The effact of this coupling resulis in a predictable decrease of the OEM remperature
for each orbit. The two cases for ¥/s = 1,04 and 0,23 are indicated by print-oufs
which are enclosed,

For the case of @/¢ = 1,06, we notice that the femperai'ure rises to 331°K
= 58°C after the 20th orbit, as opposed to 351°K = 789C for the same case but without
coupling fo the rail. |

For the case of o/ = 0,28, the final temperature is about 315°K = 42°C, as
contrasted to 317°K = 44°C for the decoupled case.

We have analyzed several other cases cerresponding to the various surfaces and

finishes. A summary of all ie results can be presented as foilows:

ale  Tag

Aluminum 6061-T6, =andblasted @ =00 e =0.41 1.46  332°K
with 120 grit size

Aluminum 6061-~T5, polished =035 e=0.04 875 332°K
and degreased

Aluminum 6061- 76, hard cout x=0,%7 2=0,8 1.08 33i°K
anodized, 25 um thickness

Aluminum 6061~T6, gold-plated @=0,30 ¢=0,03 10 331°K

over intermadiaie Mi laver

Painted aluminum surface Cadillac =025 e=45,90 0,28 315°K
white '

All of these calcu'ctions are carried out with counling to the rail, but without
loading the therma! rail with other packages. In the last column, we hove indicated the

temperafures which the OEM aftains after the 20th orbit.
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We have attempted also to describe the coup!ing of the thermal rail fo the OEM
by means of an additional conductivity term. This formulation takes into account a
temperature step due to the transition between the poskage and the rail, The alfernate
description of the zoupling yields temperatures which are higher by about 5°K, as com=
‘pared to the case where the coupling is described just by the addifional mass of the rail.
A print=out of these alternate results for the specific case of /e = 0,9/0,85 is
attached,

" where the insolation ferm

We have also treated the case of " cold orbits
drops to zero because of the attitude of the spacecraft with respect to the orbifal plane.
For the sake of convenience, we have made « =0 to eliminate this contribution, The

print=outs indicate the following temperatures at the end of the 20th orbit.

Top
Aluminum ¢ =0.85 309,6°K
: g = 0,41 316.5°K
e =0,04 322,8°K
&= 0.03 323.0°K

In this case, the low thermal emissivity of the surface is the proper approach for

maintaining moderate temperatures of the package.

C) THERMAL ENVIRONMENT CONTROLS FOR OEM

These analytical results provide useful guidelines to be adopted in the consiruction
of the OEM package and interfaces. These guidelines will be discussed now in more

detaii.

1) Specifications for Thermal Rail interface

The interface between the bottom plate of the OEM and the thermal rail provided

in the IECM is of primary importance to the thermal stability of the instrument,
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~ The quality of the interface and the contact pressure applied determine the

thermal gradient which is developed, This thermal step induces in furn o higher operating
temperature in the instrument.

We would like to maintain this gradient on the order of 1°C. We can therefore
compute the thermal contact conductance hy which is acceptable for this interface

he = G /A« AT

Where G is the thermal flow in W, A is the confact area in em? and AT is the

temperature step in °C, The contact area of the OEM bottom plate is 780 cm? and

G ~ 45 W during the power cycle. Hence,

he = 5.7 » 1072 W/ °C + em?

We have now to determine which contact pressure and surface finish is required
to achieve this thermal conductance.

Practical parameters are tynically a surface finish of better than 60 pinch and
pressure of less than 2 atm (25 psi ). This pressure entails o total force of 1380 kg, or
about 230 kg for each of the six bolts which fasten the OEM to the thermal rail. This
stress is acceptable since it corresponds to about 1/7 of the elastic limit for the 1/4~20
stainless steel bolts foreseen for use,

We require therefore a finish of the contacting plates of better than 60 uinch fo
maintain the desired thermal impedance,

These specifications are suggested for adoption and the OEM plate will be pre~
pared to satisfy this finish with a flatness of 25 pm over the total extension of the plate in

bhoth directions,

2} Specifications for Surfaces Exposed through Blankef Cpening

The choice of the surface finish of the OEM is dictated mainly by the requirement

of minimizing spacecraft energy. We have seen that a high emissivity leads to marginal

-7 -
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temperafure increments during cold orbits, This in furn may necessifate heat input from
the thermal rail. This method of increasing the temperature of the package is clearly
inefficient. Every packoge should be nearly thermaily stable on its own accounts  Tem-
perature excesses should be absorbed by the thermal rail and then disposed through the
large spacecraft area into space.

Hence, we have selected the gold=plaiing for the fronfal area of the OEM which
is exposed fo insolation, V/e deliberately avoid the use of painis in close proximity 1o
the samples because of the possibility of deferioration under the influence of UV radiafion

and subsequent deposition on the dieleciric surfaces. The gold-plated surface maintains

. aeceptable temperatures in the case of cold orbits. This finish also yields relatively

small temperature excursions during hiot orbits, The following table summarizes the reasons

for this decision:

Emissivity of Surface T { Cold Orbit ) T { Hot Orkit ) AT

¢ = 0.85 310°K 331°K 21°K
e = (.41 316°K 252K 16°K
e = 0.04 323°K 332°K 9o}

¢ = 0,03 323°K 331°K 3°K

We obtain therefore not only a minimization of the energy input from the thermal
rail, but also the best conditions in terms of temperature stability of the package. The
gold layer will be 0.00005 inch (= 1.3m ) thick and it will be applied on an inter-
med.ic:i-e nickel layer on top of the aluminum surface. For the soke of avoiding scattering
inside the chamber, the sumple holders will be black anodized and the sample wheel will
be freated similarly,

All of the side surfaces will be polished and left uncoated in order fo minimize

the emissivity of the areos under the blanket, We shall attempt to attain ¢ = 0,05, o 7

GnAL PAGE
(:11%}'““ QUATITY
-8



ADVANCED KINETIIS, NG,

better. This finish will minimize the radiative intercciion between adjacent packages.
Moreover, this approach wiil minimize radiative leckage to the blanket and through any
gops fo the spacecraft siructure.

Thése combined approaches should stabilize the temperaiure of the package. We
are planning fo embed into the CEM three temperaiure sensors to determine the temperature
fluctuation encountered during the mission at several crucial locations. The first sensor
shall monitor the ferﬁpercture of the inferface to the thermal rail. A second sensor will

be -installed in close proximity to the stepping motor and the third close to the UV lamp.

OLIGINAL PAGE 10
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Computation of Temperature Cycle for OEM Coupled to Thermal Rail
Without Solar Influx
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Computation of Temperature Cycle for OEM Coupled to Thermal Rail

Details:

Without Solar Influx

Contracted Time Scale
Computational Increments 10 s
One Printout / Orbit

e = .41

T, (OEM) = 300°K = 27°C
AT is given for 10 sec
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FIGURE 12

Computation of Temperature Cycle for OEM Coupled to Thermal Rail
Without Solar Influx

Details: Contracted Time Scale
Computational Increments 10 s .
One Printout / Orbit
e = 0,04
T, ( OEM) = 300°K = 27°C
4T is given for 10 sec
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FIGURE 13

Computation of Temperature Cycle for OEM Coupled to Thermal Rud
Without Solar Influx

Details: Contracted Time Scale
- Computational Increments 10 s
One Printout / Orbit
e = 0.03
To ( OEM ) = 300°K = 27°C
AT is given for 10 sec
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STRESS AND VIBRATICGNMAL ANALYSIS OF CEiM STRUCTURE

A)  STRESSENVIRONMENT EREGEDING RAGE mrang nop - )

A stress analysis has been carried out to determine the adeauacy of the structural

" design of the package and the integrity of individual éomponents and mounts.

The reference frame for the application of the inertial forces is translated from the

- LDEF Data Sheet, The lengitudinal axis of the experimental tray is assumed to be

parallel with the orbiter axis " X ¥, The outward nomal is aligned radially with the
" Z " axis of the vehicle. The plane defined by the experimental tray (“ L-M " )is
parallel to the X-Y plane of the vehicle Qith on offset in the Z~direction,

The dynamic environment is predicated mainly by the forces developed during the
launch and return pheses, for which the related accelerations are indicated in the
respective coordinates.

We have now assumed that the orbiter " X " axis is aiigned with the miner axis
of the optical plate of the CEM. Thus, the X~axis can be assumed to intersect the
sample wheel which is located in the X=Z plane, From this geometry we can infer the

distribution of the forces and the siresses on the varisus compenents,

- B) STRESSES OGN OEM STRUCTURE

The launch environment generates @ maximum acceleraticn of «3.3 g along the

XK=axis. In the two transverse directions, the maximum volues of the aceeleration are

Y=+ 1.0gandZ=+1.54.
We are, therefore, mainly concerned with the stress effects in the X-Z plane which

comprizes the optical plate of the OEM,
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The OEM structure is designed to'be anchored solidly fo the thermal rail by means
of six 1/4-20 stainless steel bolts, This attachment ias fwo purposes: first, we achieve
rigid c.ou;.:lin'g to the cage siructure of the IECM and, second, we obtain a fow thermal
Impedance to the base rail,

The stainless steel bolts allow a minimum permissible stress of §,000 psi. The com~
bined tensile stress tevel will be about 1,200 psi/inci-lb of torcues This will result in
ﬁn axial load in excess of 100 lbs/screw, or 600 {bs for the total package. With a projected
weight of 25 Ibs, this allows a large safety facter for dynamic stress,

The next members in the CEM structure are two " L " sections which run along the
sides of the baseplate ( Y-axis ). The legs of the " L " are 1,25 " x 1,25 " with a web
thickness of 0,25 ", Six 3~32 siainless steel bolis are used to fasten the " L " sections to
the baseplate. The holes in the baseplate are threadz<', so that no countersinking is
necessary, The tensile siress level for these screws viiil be 3400 psi/in ¢ Ib of torave., We
have examined the torsioncl deformation andshear siresses appearing at t‘hesé "L " sections,
This effect Is due to the acceleration of =3.3 g along the X-axis which couples to the
OEM frame. This effect is largely offset by the stiffrass of the optical plate. Thus, the
" L " are stressed at the holding serews, The line berveen tie two legs of the " L ¥ wiil
not be machined fo a sharp 90° corner, but to a ﬁnii&'rudius of curvature to avoid stress
risers at that point.

We have analyzed the effect of the acceleration in the plane and transverse fo
the optical plate. The leading is due to the attached metor, We find the stress level to
be only 20 psi with projected plate deflection of only 2 « 10-4 in,

Furthermere, we have analyzed the elastic stability of the opticzl plate wiren
subjected to uniform shear around all edges, This shear could arise from tha moment

generated during acceleration, The mass centroid has bean assumed of the motor. This

-
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L

situoﬁ_én will shift only slightly as all the additiona! subsystems cve located in the OEM,
The calculated limit for this instability is at 39,000 psi, which is far in excess of any
._anticipcted siress level,

We have also studied the possibility of a twisting moment of the plate under trans-
verse force in the Y~direction, In this situation, the plate is rigidized by six 8-32
stainless steel screws and in addition by an aluminum sheet of 0,0625 in thickness which
is fastened at several points to the plate. The two lateral plates act as stiffening membranes
providing ample additional rigidity.

The last point considered concerning the OEM z'ructure is the possibility of a
- bending moment under the uction of the longitudine! acceleration. |In order to avoid
stressing only the basemount, it appears advantageous to provide a retaining bar at the
top of the IECM frame against which to anchor, This feature will offer solid containment
of the OEM package after installation in the tray.

These calculations indicate that the OEM structure is basically sound when ex~

posed to the projected acceleration environment.

C)  EFFECTS DUE TO VIBRATIGNS

The stresses appearing in the OEM packege due te ascent and reentry are relatively
miner, However, the vibrational environment is beth intensz ond troublesome, The
vibrational spectral density plateaus at 0,07 92/ Hz from epproximately 80 to 350 Hz.

A cpectral integration yields the counterpart effect of approximately 5 g with random
orientation, V
The major subcomponents of interest in this connection are the optical plate, the

sample wheel with sample helders and the radiaticn source,

-3a ORIGINAL PAGE I8
OF POOR QUALITY



ADVANCED KINET!TS, INC,

ORIGTNAL PAGE IS
O PoCR QUALITY
We have first investigated the possible vibreti ons of the optical plate, The

assumption of free cantilevering is introduced ad hoc just to test the stabtl?ty. For the
first bending mode, we obtain a frequency of 75 Hz which is near the peak of the vi=-
brational spectrum. The first torsional mode {(m =2 ) is at 300 Hz, but the higher
order modes occur at progressively higher frequency, and thus can be neglected, From
this knowledge, we have increased the lateral stiffness of the optical plate by an-
choring at sequenfially uneven intervals,

The next item anolyzed is the sample wheel, Here, all the natural frequencies
appear at rather high frequencies, thus, no resonant coupling will occur to the vie
brational spectrum. The computations also indicate that the lower order modes for the
sample holders appear at frequencies arcund 2 kHz which eliminates almost oll of the
launch environment vibrational spectrum,

Concerning the radiation source, the calculciions are rather complex due to the
nature of the object. It appears far simpler to rigidize the source initially and to subject
the structure to the vibrational tests,

There are a number of individual components, such as set serews, which may be
affected by the vibrations. Clearly, all the screws will be fastened with Locktite, or
with a similar bonding agent, during assembly of the unit,

Thus, also the effects of the vibrational environment can be counteracted by proper

features of the structure.

D) STRESSES CN MISCELLANEQUS COMPOMENTS

All of the components and subsystems of the OEM are exposed to the siress field
outlined before, Calculations have been carried out to cover geometries and components
wkich are amenable to treatment. Typical of this category is the stepping motor suppori

mount and sample wheel drive system,

O
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We have attempted to provide a solid mounti:ig pad for the motor with shaft support
by means of two roller bearings, The natural frequencies of these components are main-
tained in the fall-off region of the vibrational spectrum, or beyond, In this fashion, we
minimize resonant coupling effects.

We have apélied this analytical procedure to all cases where it qp;peared fruitful
and feasible, |

The validity of the thecretical forecast shall be checked in a future series of vibra~

tional ftests,
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PRECEDING QAGBWWT-FW

SUMMARY OF WEIGHT ANALYSIS FOic OEM FLIGHT SYSTEM

SUBSYSTEM OR COMPONENT WEICHT REMARKS
OEM Enclosure 8500 gm

ARC Lomp ' 20 gm Including Leads
ARC Lomp Power Supply 775 gm

ARC Lamp Ballast Resistor 30 gm

Bulova Chopper 38 sm

Transmission Photomultiplier S, 51 gm | Potted
Scattering Photomultiplier 51 gm Potted
Transmission / Scattering Photomultiplier

Power Supply 167 gia Potted
Transmission and Reflection Photow 200 cm { Estimate )

multiplier Preamplifiers, Lock=in
Amplifiers and Scaling Amplifiers:

{includes PCB board, PCB connecter,
and all components,

Controller and Secuencer Electronics: 200 gm ( Estimate )

Includes PCB board, PCB connector,
and all components,

Stepper Moter ( Hurst TS ) 620 gm

Multifunction PCB: 200 om ( Estimate )

Includes Stepper Motor Logic, three
Temperature Bridges and Amplifiers,
and the Power-On switch, Includes
the PCB, the connector, and all
components,

g s

o s
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ﬂT””"”U PAGR I8
S CUALITY

SUMMARY OF WEIGHT ANALYSIS FOR QEiM FLIGHT SYSTEM

SUBSYSTEM OR COMPONENT

+15 VDC Power Supply

Input / Output Connector for GSE
Interface

. System Input / Cutput Connector

for Analog and Digital Cutputs

System input / Output Cable Con~

" nector for Analog and Digital Outputs

Power tnput Connector

Power Input Cable Connector

- Miscellaneous:

System Wiring
Electronic Mounting Hordware
( Nuts, Bolts, Washers, Calle
Clamps, and PCB Card Cuides
and Supports )

Potting Compound for PCB's

TOTAL ESTIMATED WEIGHT CEM:

( Continued )

WEIGHT

114 -m

L

70 gm
&~ 70 gm
= 100 gm
& 40 gm

= 135 gm

300 om
1CC gm

60 gm

11,810 gm
26 b

Potted

Does not include cable
connector.

{ Estimate )

- Estimate )

_( Estimate )

- 4

( Estimate )

( Estimate )
{ Estimate )

( Estimate )
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PRECEDING RAGE BLANK NOT FRIAED
SUMMARY OF POWER iNPUT AND HEAT ANAL YSIS FCR OEM FLIGHT SYSTEM

PCOWER POWER DC
SUBSYSTEM AND COMPONENTS INPUT DISSIPATED P, S,
UV LAMP POWER SUPPLY AND LOAD 24 W 18.7 W +28V
UV Lamp 1.3W o
Lamp Ballast Resistor 160 kohm | 4W -
RADIATION CHOPPER : 0.5W 0.5 W +28V
PHOTOMULTIPLIER POWER SUPPLY ‘ 16 W 1.6 W +28V
TRANSMISSION CHANNEL 0.5wW +15V
Preamplifier, Lock=In Amplifier, Scaling
Amplifier
. SCATTERING CHAMMEL 0.5wW +15Vv
Preamplifier, Lock-In Amplifier, Secaling
Amplifier
CONTROLLER AND SEC:UENCER
ELECTRONICS . 0.3W +15V
STEPPING MOTOR AND LIMITING RESISTCRS 8 W 8W +28V
_ 0.8 W +15V
STEPPING MOTOR LOGIC DRIVER N7 W o7 W  +28v
+ 15 VDC POWER SUPPLY 5W 2.4W +28V
POWER SWITCH ' 0.4 W 0.4 W +28V
( Controllcd by Spacecraft )
POSITION DETECTOR 0.8 W 0.8W +28V
TEMPERATURE MONITORS (3) 0.5W +15V

MAX. POWER DURING CN-CYCLE ~ 41 W =~ 41 W

AVERAGE POWER FOR 66 SEC CN EVERY
495 SECONDS ( See Power Profile Graph ) 25.6 W 25 W

-1-
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OEM FLIGHT SYSTEM ELECTRCNICS

Faunid

BLANE NOT-

A)  INTRODUCTION RECEUNG BAGE

The OEM Flight 3ystem Electronic Module is comprised of basically six subsystems:

i) The Transmission and Reflection Singnai Processing with Lock~in
Amplifiers

it) Sample Wheel Sequencer and Coniroller
ifi The Stepper Motor and Drive Electronics
iv)  The Chopper and Lamp Source

v) The DC-DC Converter Power Supplies

vi)  The Temperature Bridges for CEM Diagnostics

Each of these subsystems will be discussed in detail in this chapter.

Two photemultiplier tubes are used to detect the transmission and reflection pro~
perties of the six sample positions ( one being an open aperture ). The multipliers are
operated af different voltages, and the signals are processed via the lock~in amplifiers
to provide a 0 to +5 VDC full scale output. This signal is correlated with the sample
wheel position. In addition, a data ready level is provided to allow the analey outpuf
of the lock~in amplifier to be sirobed into the spacec -afi's processing network,

Position sensors will moniter the sample wheai fo correlate the analog signal
with the sample position, The position sensors will »¢ interfaced with the sequencer-
controtler subsystem to correctly index and keep track of the sample whee!l position, See
Figure 1 for the basic flight block diagram,

The UV Lamp Power Supply represents the major portion of the allocated input
power to the system, ( Seec the Power Analysis seciion and the Power Profile Graph for

details. ) The UV lamp end its power supply characteristics have been carefully studied,
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The most reliable power susply, although inefficient, consists of an AC power supply with
a series ballast resisters  An AC power supply is used +o insure reasonable famp lifetime.
This supply has a peak open circuit voltage sufficient to ionize the UV lamp ‘over the
eperating temperature range of 0°C to +70°C. The ballast rasistor is gauged to limit the
lamp current to 0,C05A,

The chepper will be a tuning fork type with an integral drive electronics. The
chepper will not only modulate the lamp source, but will previde the reference signal for
the lock=in amplifier. Since the chopper output signal is referenced to the +28 VDC
power ground, an isolation transformer is used to decouple the signal and power grounds.
The chopper frequency is 200 Hz with approximately 50% duty cycle,

The DC=DC converter will be of efficient design to provide the necessary power
to the lock-in amplifiers, the controller-secuencer circuiiry, the motor logic drive
electropics, and the tempc. =ture bridges for OEM cizg~osiie studies, The power to these
circuit subsystems is contrelled by the spacecrafi's Power On command signal, Refer to
the Power Analysis section and the Power Profile Graph for more details,

The controller-sequencer elzcironics performs the logical sensing and peritioning
of the sampie wheel assembly. 1t also provides the cuiput duta correlating the transmissicn
and reflection signals with each somple position. 1nz pocition cm‘.:puff: cre TTL compatible
with 1 unit lcad capability. The dwell or integrafien *ime for each sample is set by this
circuitry as well as the index time to the naxt samele position. The signal integration
time will be 10 seconds with an index fime of 1 second. Thus, the total time to complete
one complete revelution is 66 seconds, The spacecrafi's Fower Cn cermar d should be
creater than or ecual to the 66 seconds minimum to complete ciia revol-ition so that the
semple wheel that begins with the opan aperture posiiion (I, ) will also finish in the

T, pesition, This sequence will insure that the sample wheel will be in the I, position

f1

at the start of ecch power-on cycle, If for some req.n the " Iy " is not in position at

I,
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the start of the power-on cycle, the sample wheel wiil index to the ¥, pesition and stop

to wait for the next power-on cycle, [f the power-on cycle is foo short, less than the 66

seconds, the next power-en cycle will not yield valid data since the I, reset will be

Interrogated.,

.B)  SPECIFICATIONS

Transmission Lock-in Amplifier Accuracy:
Refiection Lock~in Amplifier Accuracy:
Transmission Lock-in Amplifier Stability:
Reflection Lock~in Amplifier Stability: \
Transmission Lock-in Amplifier Output:
Reflection Lock-in Amplifier Cutputs

Position Indicator Output:

System Sample ( Integration ) Time:
Index Time (To new somple pesition ):
Number of Sample Positions:

Cata Ready:

Chopping Frequency:

Chopping Frequency Stability:

+0.5%

+0.5%

+0.5%

+0.5%

0 to +5 VDC E.S,

0 to +5 VDC F.S.

BCLC; 1~2-4~8, Positive True

Parallel output TTL compatible
{1 unit loed )

O: 10s
T: 101
R: 10s
i3

Six (6)

1 - Clear Aperture
5 - Reflective Position
5 - Transmissive Positions

Positive true logic; TTL (1 unit
load ) compatible goes true when
signal integration time is com-
pleted, Pulse width > 1 ms.

200 iz

100 ppm
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Power Input ( Maximum Peak J:* +#3VEC ot 41 W
Power Input {Averags):* 423 VDC at 25,6 W
Weight of OEM: 11.3 kg (26 1bs)
Dimensions of OEM: 43 em x 28 cm x 28 em

(183inx11inx11in)

* See the Power Analysis section and Power Profite Graph.

C) CIRCUIT DESCRIPTION AND DISCUSSICN

1) Signal Proce:sing

The signal processing consists of the follewing:
i) UV Lamp and Power Supply

ii) Chopper

iii ) Photomultipliers

iv) Lock=in Amplifiers

a) UV Lomp and Power Supnly

The UV Lamp and Power Supply is to be powared continvously to avoid unstable
operation which would be encountered if it were to ¢ eycicd on and off by the IECM.
The power supply represenis the major power consumption of ihe CLiM,

The UV Lamp Power Supply is a DC to AC invertar with a saries current Timiting
resistor, This supply was found to be the most relictiz over the operating temperature
range of 0 to 70°C, This power supply, although inciiicient, provides relatively constant
current operation while allz'ving long life performance in the AC ignitien rode,

The peak open circuit voltage is gauged te relizhbly ionize the lamp over the
maximum operating exiremr os.

The DC~AC inverter is an Abbott Transister Laboratories, Inc.,, Model SID-115A

1600, This inverter is rated for @ 423 VDC input wili an ouiput of 115 VAC, 1000 Hz,

- d -
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at 10 VA, The output of the inverter drives the primary winding of a d,V, step-up trans-

former whose secondary cpen ci. cuit voltage is sufficient

to fonize the lamp at the operating

temperature extremes, The secondary winding is connected to the series combination of

the limiting resistor and the UV lamp. Below are listed some pertinent specifications of

the lamp power supply system:
laverter
Input Voltage Range:

Input Current:
Input Transient Protection:

Line Regulation:
Load Reguletion:
Waveforms:
Frequency Stability:
Leed Power Factor:

Short Circuit Protection:

Input Protection:
Voltuge Adjustment Ranges:

Temperature:

+24 VDC to +30 VDC

0.79 A at 100% Load
0.71 Aat 75% Load
0.59 A at £0% lLoad

In accerdance with MIL-STD-
704A, Figure 9, Limit 1
(80 VDC for 0.1 second )

+0,2% for 24 - 30 VDC input,
with constant locd,

+ 0,5% for load veriations of
1/2 of full load, with constant
line.

Sinusoidal, with maximum dis-
toriion into @ resistive load of

2,5%.

+0.5%

Full rated output VA from unity
to 0.7 PF lagging or leading.

Protected corinst a short circuit
condition of eay duration,

Raverze polarity protection.
12% by screwdriver adjustment,
+100”C maximum at the mount-
ing base plate using adzcuate

neat sink. ~547°C minimum at
mountiing hose,
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Temperce turn Coefficient:

Reliability:

Environment:

Isolation:

WAD Transient Recovery Time:

Output Voltage:

Cutput Current:

Weignt:
Transformer
Primary Voltage

Secondary Voliage:

e

0,02% / °C from -22°C to +71°C
bose temperature.

0.056% / °C over entire temperature
range,

This unit will meet or exceed most
of the environmantal specifications

of MIL-STD-810C,

Incoming materials inspectien per
MIL-STD-105C .

Approved in accordance with the
general reliability requirements of
MIL-1-45206A,

Failure Analysis in accordance with
MIL-HCEK-217.

Encapsulated te meet the iaviron-
mental requirements of MIL-3TD-
E10C and MIL-E-54C02, Class 2,
including altitude ( to @ vacuum ),
vibration, snock, ccceleration,
sand, dust, humidity, salt spray,
fungus, explosion, etc.

lnputs, outputs, and case are isolate:
Cutput voltage returas te regulation
limits wiitnin 5 eycles for ¢ load
cnange of no load to full load,

105 - 122 VAC (rms )

120 A Surge* Resistive Load
35 ma Continuous Kesistive Load

*50 s at 21°C base plate temperature
2 s at 100°C bos plave fenperatur

0,77 kg (1.7 1)

115 VAC (ms ) 1 £, 1500 Hz

50 VAC (rms )
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Power:
Specification:

Limiting Resistor

Value:

Pm:ver Cissipated:
P.ower Rating:
Manufacturer:

Part Type:

b) Chopper

5 VA

in aceordance with MIL-T-27C

160K n

4w

16 W

Allen Brudley

RCR42

The chopper will consist of @ Bulova tuning fork chopper with an integral driver.

The power consumption is about 500 mW. Tne chopper also provides a 5 V p~-p reference

signal for the lock-in amplifier. This signal is commen to the +28 VDC power ground,

therefore, an isolation trensformer has been used to isnlate the signal and power grounds.

The long-term stability is 100 ppm. The temperatu = coefficient is 50 ppm / °C. The

chopper is to come on with the UV lamp to prevent errors due to the slow "build-up"

time of the chopper.

Some more detailed chopper specifications ais listed below:

Input Voltage:
Input Power:
Chopping Freguency:

Frequency Accuracy:

Frequency " Build-up " Time:

Long-Tem Stabilify:

Temperature Cozfficient:

+22 to +30 VDC
<0.5W

200 Hz

+ 1%

s 20s

100 ppm

50 ppm / °C
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Operating Temperature: =55"C to 4185°C

Stoiege Temperature: ' ~65°C to +100°C

Altitude: -1000 ft to outer space vacuum
Length of Aperture: 6 mm

Maximur Aperiure Openings 4 rem

Weight: . 32 gm

Vibration: , To 20 G; Snock to 100 G
Radiation: | >2 - 10" Nvr

c) Photornulti=liers and Power Supply

The photomultipliers wili be mounted stationary within the sample wheel assembly
so that they can observe tne transmittance of the samples, the open anearture, and the re-
flective components. Tne photomultipliers ( PAT ) will be biased by an efficient H.V,
switching regulcter whose output is 1500 VLC for tre reflection PMT and -iOOO V for the
transmissicn PPAT. The output peﬂ!:«fo-éea!: ripple s less than 0.2% and a line regulaticn
of 0.75% maximum for 25 V ~ 31 YDC input variotion, Some further power specificaticens

are given below:

Input Veliage: +25 V to + 31 VDC

Input Poveer: ' 1.65 W Mox ( Depends upon load }
Output Voltage Range: ~875 V 10 «1750 VLC af 480 pA
Output Velinge Programming: Resistive { T.C, <5C) ppm

rasistor )

Output Voltage Stahility: + 1% for V, =25 VDC to 31
vig; Temp'emture veriations
betwasn -10°C to +85°C for
an 8-hour elapse tima,

Output Ripple: 2.5V {r-p ) mex for Vo =
£75 Vead £30 A
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Grounding: Input and output are isolated,
i1.V. output is wired for positive
ground operation,

Operational Temperature: =10°C to +65°C

Shock: 100 g for 11 ms

Vibration: 40 g; 20 to 3000 Hz

Altitude: Unrestricted from sea level to

outer space.

Non-cperational T zmperature: -55°C to +125°C

Weight: ' 167 gm

Volume: 88.5 ¢:m:3

Size: 5.74emx5,66emx 2.95 em
(2.26" x 2,23" x 1.16" )

Manufacturer: EMR / Schumberger

Power Supply Model: 640E-3

Each PMT output is coupled via shielded lecds to @ low noise amplifier input stage.
The PMT signals are then processed by o dual lock-in amplifier system that provides a 0 to
5 VDC analog output sign:ii,

d)  Lock-in Amslifier

The dual lock~in amplifier will process the ,-aotomultiplier signals using the chopper
signal as the reference for demedulation.

Low noise, low drift amplifiers are used taroughout the design to piovide stable
performance over the operational temperature range of 0 to +70°C. Each amplifier nos a
separate phase adjustment fo optimize the demodulation performance. The reference
signal from the Bulova chopper is decoupled from the +28 VOC power ground via an isolation
transformer. ( Refer to Drawing #4. ) The reference input is filtered nnd bandpassed to
achieve u clean fundamental chopping frequency to Lie phase shified. This processed

.
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fundamental frequency is squared up via the high ga'+ comparators whose outputs drive
the demodulater FET switches in each lock=in amplitier section,

The output is scaled from 0 V to 5 VDC to correspond to zero input and to the
maximum signal intensity expected, respectively. The outputs are averaged and buffered
to provide ;a low output source impedance for the IECM signal processer.

The leck=in amplifier specifications are given below:

Accuracy: +0.5%
Stabifity: +0.5%
Qutput: ) . 0V to+5VDC
Operating Temperature Range: 0°C to +70°C
Time Constant: 1.0 seconds
Phase Adjusiment: 0 - 180°

) Sequencer~Controller Electronics

The Sequencer-Controller performs all of the functions to properly correlate the
sample wheel position arid the signal being processed, The electronics for this functien
will be nearly all CMOS in design to conserve power.

The operation of the Sequencer-C ontroller elecironics will now be discussed,

( Refer te Drawing 72, ) Two=position detectors ( optical sensors } are used to defect
the sample positions on the wheel, The open aperfurz (I, ) pesitien is unique in that
it hos two small holes in ths sample wheel to correspend its positions All the other
positions (I] -I5 ) have cnly one hole essociated with their position. The circuit,

as designed, will reset the sample wheel to the I, position if it should not be in that
position initially when the spacecraft's Power On command signal is given. Since the
Power On command has a fixed time cycle, tentatively set at a minimum of 66 s on ( and
429 seconds off ), the sample wheel must return to the I, position before the end of the

power cycle to avoid a Reset command in the next power cycle. The output data will

- 10 -
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not be valid in the Reset made since the integration ( dwell ) time will be insufficient
for accurate signal processing. The signals from the transmission and reflection PMT's
will be valid and accuraiely correlated to the correct sample position when the sample
wheel starts initially in the I position. The position data output is updated by a counter
and its output is buffered to drive two TTL lcads. However, since the GSE interface
requires a 1 unit lead, the maximum loading allocated for the IECM will also be a 1 unit
lead when operating together,

An integrating time cycle will be initiated initially at the power-on cycle for @
duration of 10 seconds, During this time the I signal will be processed, At the end of
the 10-second integration time, a Data Ready command will be generated to signal the
IECM that the positional data and the transmission and reflection signal levels are valid.
The DataReady pulse width will be at least 1 ms wide. The Data Ready is TTL compatible
with a 2 unit load capability, Like the position 3" iavels, 1 unit load is for the GSE
and one for the [ECM. The Deta Ready pulse also initiates the command to step to the
next position (I ), The stepper motor power, as viell as the index cloeck, is thus enabled
te move the sample wheel. When the next sample position is sensed by the optical sensors,
the stepper moter clock is stopped and the pcwer is rammoved from the stepper motor itself
to save power during the iﬁtegrdﬁon time, After the 10~second integration time, the
Data Ready pulsa is generated again to allow the vaiid data to be transferred to be processed.
Again, a new index command is given to the stepper moter fo move to the next pesition,
This process is continued until the I position is again reached. At this paint the sample
wheel will wait in the I position even if the Power On command is substa=tially longer
than the 66 seconds ( minimum ) allocated, The stepper motnr will be off and the
elestronics will await the new Power On command bafore starting a new integrat ion/index
cycle over ene complete revolution incerporating all six sample positions,

The moter clock is set at about 100 Hz to alinw the motor to index to the new

-1 -
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position in 1 second. This will allow adequate spee.i=torcue characteristic to reliably

drive the sample wheel.

The GSE interface functions associated with the CEM operation will be discussed

in the GSE Interface section.

f} Power Supply

The CEM requires 15V, =15 V and the incoming +28 VCC for operation. The

+ 15 VDC will be generated by a LC=DC converter, Both the + 15 VDC outputs are

capable of supplying the rated load current which has been minimized by the CMOS logic

and low power amplifier designs,

The DC-DC converter specifications are as follows:

Input Voltage:

Ovutput Voltage:

Output Currant:

Output Ripple:

Line Regulation { V; =25 - 31 VDC );

Load Regulatien { 1/2 = Full Load ):

Temperature Regulation ( =55°C to
+100°C Case ):
’rotection:

Input Current:

Cutput Power:
Minimum Load:

Output Veltege Adjust:

-12 -

428 VDC + 3 VDC Continuous
+50 VEC for 1 s Maximum

+15 VDL and =15 VDC (MNeminal)
+ 100 mA
90 mV ( p=p )i Maximum

S0 mV Tynical
90 mV Maximum

350 raV Typical

410 mV Maximum

300 mV { Typical }

Reversz polarity protected to 56 VEC

33 mA ( Typ ) for 100 mW Load
210 mA { Typ ) for Full Load

3V
100 mVW

+ 10% Full Load
- £0% 1 Watt Load
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Isofation Test Conditions:

Polarity:

Operating Temperaiure Range:

Storage Temperature Range:
Case Rise:
Operating Frecuency:

Ripple Frequency:

KINETICS, I1NC,

nput terminals shorted to case,
Cutput terminals shorted together,
1800 VCC applied from output to
case,

Inputs ond outputs are floating
from each other,

~55°C ambient to +100°C case
=55°C to +150°C

25°C ( Full Lead )

3 kilz +20%

 kilz +20%

Weight: 114 gm fully encapsulated

Environment: Cesinned to meet the recuireme.ts
of #/1L~E-5400

Manufacturer: Technetics

Power Supply Model: 9547121

A power switch is provided to interface with the conirol signal from the [ECM,
A +3.5 to +5 VEC level will turn this switch on, thus powering the OEM electronics,

excepting the UV lamp and the Bulova choppar,

g ) Temperature ionitors for System Diiacnes:ics

Three linear temperature bridges are incorporated for system diagnestic purposes,
( Refer to Drawing 73 for the deteils. ) These three identical bridges incorporate a
stable platinum sensor in one arm of a basic Wheatstons bridge, These sensors wilf be
located near thae UV lamp, the stepper motor, and a stratesic point on the QEi housing.
The temperature range will be from 0°C to +100°C.  ac bridge amplifier curputs will
range from 0 V to 45 VEC corresponding to the 0°C <ad 100°C points, respectively, The
output sensitivity will, therefore, be 50 mV/°LC. Thz {ECM may interrogate these out=
puts at the end of each powar-on cycle to achieve some femperature profile of the CEM

system and its components,
-i3 -
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PReALINNG BA
DATA A N/-& -

The data coliected during every time cycle shall comprise the follew'ing para=

Transmitted Intensities: Tor Tye I, I3, I4, Z5
Scaitered Intensities: Sor St S, S3. S4 35
Temperatures: Tyy Too T 3

Here, I, and 5 are the transmitted and scattered intensities for the empty position

( sample holder in place without sample ). The other parameters (., and S, ) denote

the transmitied and scattered intensities with the five samples in place,

The processing of the data involves the following steps:

Normalization of T-ansmitted Intensities: /Iy eeeeds/T,
Nermalization of Scattered Intensities: Sy /Io P /Io

Computation of Statistical Deviations by 3ut.division of Data in Semple
Populations as @ Function of Exposure Time

Expansion in Time of the Scmple Populations and Determination of Statistically
Significant Deviaticns

Statistical Treatment and Correlation Testing of all Channels both in Trons-
mission and in Refiection

In additicn, the temperaturss, s collected by the three household channels

( baseplate, motor mount, light source housing ) during each eyele, will be recorded

and analyzed in combination with the data.

After recovery of the OEM, it is of basic imporiance to initiote a testing pregram

of the samples without any additional contaminations Hence, the samnles should be

recovered and encapsulated in @ clean laboratery, Subssquently, these samples should

be analyzed for transmission and scattering at severs! wavelengths, Furthermore, the
g at severd., g '
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anguler distribution of the scotterad radiation should alse be measured. These results, in
combination with electron microprobe analysis, shali yield the thickness and size distri-

bution of the contaminants as a function of time of cxposure in crbit.
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W EALE BANK NUT
TEST PROCGRAL.

A Flight Gualification Test Procedure { FGITP ) shall be generated to test the
OEM packages to the environmental conditions outlined in the MSFC specifications for
the IECM document #61M10027, The FCTP shall be submitted to MSFC by the end of
June, in line with the Time Schedule for the Program attached with this presentation.,

The FGITP shall entail the following Test Program,

A) THERMAL ENVIRONMENT TESTS

We shall cycle the components of the CEM and ‘the struciure over the required
non-operational temperaiure limits of -55°C to +1C0°C, Al the compﬁnents shall be
subjected to this cycle before incerporation into the related subsystems or PCB's, A
determination will be madz of the integrity of the component ence the operational fem-
perature limits are recstablished,

The second category inciudes thermai shocks between the required temperature
extremes of -55°C and +70°C. We would suggest to exclude frem such tests the samples
of MgFy, LiF and CaFy, since these erystalline lattices are susceptible to very abrupt
(< 1 sec ) thermal shocks, The temperature interval of 135°C could be incremented in
several gradual steps on the time scale of ssconds, This would correspond to the maxi-
mum dT/dt which could ke encountered during @ mission. All the other components
shall undergo-this specification,

The third category of tests shall cover thermal vacuum conditions. We shall test
the CEM and its components for operation under vacuum conditions and under temperature
excursion over the eperating range 0° = 70°C, We con conirol the vacuum pressure by
means of diffusics pump ead liquid nitrogen cooled taffis. However, we cannot provide

a space chamber with LN interstitial cooling, This complete test will be carried out at

“1-
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the MSFC space chamber facility.
All the temp -atures quoted here will be sensed by precision platinum thermo-
meters ca' .+ ‘ted at several basic points and computer~fitted by means of the Callendar~

Van Dusen equation,

B) EMICOMPATIBILITY TESTS

We shall carry out tests with the GEM in full operation to determine full EMI
compatibility with the IECM system, The guidelines shall be MIL STD 461A and 442,
These tests shall include detailed diagnésﬁcs in a screened room and with use

of wideband CRO and sensors,

C) HUMIDITY TEST

A humidity eycling test will be included, in line with MIL 57D 810 C. However,
we would like to exempt the optical samples from e czure to extreme situations in
moisture and temperature other than those which occur in a natural environment, The
fluoride salts are slightly hygrescopic and some surface damage may result from protracted
exposure to high moisture end high temperature condiiions,

Al other components shall be exposed to the sianderd moisture eycle.

D) CONTAMINAMT OQUTGASSING

Components and the OEM structure shall undergo vacuum testing over the oper~
ational temperature range. Change in pressure after blank~off of the diffusion pump
shall be recorded at different intervals to infer the amount of cutgassing.

Final outgassing tests shall be conducted with o quadruzale mass spectrometer at
the MSFC facilities, The vacuum=tight feadthroughs for these tests shall be provided by

ADKIN,
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Tests on the outgassing of three compenents o7 the OEM have been carried out
in March at the MSFC facilities, The first test was conducted on the stepping motor on
March 22, 1977,

Initial pressure was around 3 » 10-6 Terr and this level was probably attributable
to the outgassing due to manipulaticn of the object. The temperature of the stepping
motor was raised initially to 43°C ( 110°F ), The initial distribution of the effluents
comprised at least some ten peaks ranging from approximately 28 to 111 AMU, Overnight
pumpdown reduced the pressure level by more than an order of magnitude to 10-? Torr.
The motor temperature was increased to 52°C { 125°F )} which accelerated the final
- outgassing. After a few hours, the fina! pressure was down to 10-9 Torr with very few
mass peaks remaining between 97 and 125 AMU, 11:: seckground pressure of the space
chamber with the motor removed was only slightly better at roughly 10-10 Torr with
residual mass peaks at 97 to 119 AMU,

Thus, it appears that the stepping moter can be outgassed by cenventional baking
techniques and that the residual pressure is in the range of 107 Torr, This motor was
lubricated with low vaper pressure Octoil 5 during fabrication. Hence, it appears that
the motor can be operated in the component comparhaent without additional encapsulaticn,

The inverter power supply has been subjected {o the same cutgassing tests. The
results appear to indicate that the sume degree of pressure can be attained after an initic!

period of more copius outgassing.

E) VIBRATIONAL TESTS

The vibrational tests must be carried out by a testing laberatory equipped for
thesa measurements, Thus, the OEiM packages shall be transferred to a site where these
tests can be conducted. The parameters outlined unsr naragraph 8 of the MSFC docu-

ment shall be complied with.
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We suggest to exempt the CEM from the repe'.‘a?ed drep test of 26 times from a
height of 48 inches.

F) OTHER TESTS

The test program shall also concentrate on numerous tests related to the perfor-
mance of the package in the crbital environment, We are particularly interested in
following the performance of the instrument under variction of the operating temperature
to investigate the possibility of drifts and to determirz if the basic accuracy of each unit
is unaffected, .

Other tests include cyclic application of power and its effect on data accuracy.
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SAFETY ANALYSIC

We have analyzed the CEM package frem the viewpoint of safety and we have

covered the follewing aspects:

a)

b)

d)

)

Explosive Gases or Fumes

No gases are stored in the OEM package and no fumes can be generated
over the centemplated operational temperature range of 0°C - 70°C,

Overhe ting of Components

We have provided a current limiting sensor with automatic shut-off of the
circuitry to avoid any possible over~current mode, This sensor will be set
for a reasonable maximum current selected to satisfy the power recuire-
ments during peak lead cycle,

Disintegrating Fuses

We have eliminated completely the usc of protective fuses to avoid the
possibility of explosive disintegration.

Staliing of Motor

The stepping motor selected is designed to operate in a stalling mode in-
definitely without overheating or extensive damage. This precaution has
been incorperated to avoid the possibility of overheating in a high power
compeonent,

UV Lamp

A low pressure lamp has been selected instead of a high pressure type for
generating the UV radiation. Thus, any breckage of the lamp would

result in an implosion from sea level to an altitude of appreximotely 200,000
feet, The construction of this lamp is uxtremely solid with a double shell
design of silica glass.

The lamp is completely contained in a surrounding aluminum housing.
Hence, even in the unlikely event of bregkage, no debris is allowed

to disperse.

HV Breakdown

Two HV lines are us_d on the CEM, The first line connects the small
power suoply package to the two photomultipliers. We shall corefully
dimension the insulation te aveid any c~-ona or breakdown effects by

-1 -
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a substantial margin, This éperation entails a peak DC voltage of 15C0 V
with a eurrent of 10 :A,

The second line allows only transient anplication of a 1200 VAC ( Pzak )
to initiate breakdown of the UV glow tamp. During operation, the lamp
is running ot 350 V crest. The remaining voltage is dropped across the
ballast resistance.

We shall insulate very carefully this line and avoid completely unpotted

transitions, sharp bends or other discontinuities which could induce local
defects, :

Elimination of PVYC

All wires used in the CEM shall be cf the Teflon coated type. MNo PVC
is used in this package.

Selection of Sample Materials

All the selected samnle materials are inert over the temperature range
contemplated for operation, The materials are: crystalline auartz,
sapphire, MgFy, LiF, CaFy. The last three samples have softening
points between 400° and 600°C  and should not be subjected to rapid
thermal shocks, These twe conditions are not encountered during the
projected operation,

Thermal Safety

The package is designed in such a fashion that it witl be thermally stable
with the projected heat -input of 25 ¥/ average power. The contust
tfransitions and the radiative surfoces are engineered for efficient re-
jection of the dissipated energy.
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SAMPLES ON SEGUENCER WHEEL

Five sample materials are preinstalled on the sample wneel (S W),
In addition, there is one "Open" position. As seen from above the SW, the
direction of rotation is counterclockwise. The samples are located in the

following sequence:

Pasition lo Open Somple Holder
’I Sapphire
I, LiF
|3 | CGF2
Ly MgF,
I Crystaltine Cuortz

The samples are held in place by two thin Tefion O-rings compressed by the holding
ving pressurized by four 4 - 40 flathead screws with Nylok inserts, For sample
extraction or replacement, position the wheal by command to locate the sample
outside the GEM chamber. Release carefuliy the screws around the ring and
extract the somple without impairing its surface quality. Reverse this procedure

for the installation of a new sample material. Tighten the four screws in e

progressive sequence following a crosswise patiemn,



REPLACEMENT OF U LAMP

Replacement of the UV ‘Ic:mp require, disconnecting the line at the transition
terminals to the step-up transformer, The transformer is potted together with the
ballast resistors and including this trensition point inside an alum?wm can, This
design is required to avoid breakdown in the vacuo of the high voltage line feading
the lamp.

The lid to the enclosure should be opened after removal of the four screws,
The top layer of epoxy snould be carefully removed. The connections of the lamp
are to the case ground and to the two terminals ( white and black wire }. The wires
to all three teminals should be unsoldered after the transitions are completely clear
of the potting compound. The teflon sneatned line can then be removed carefully
all the way to the CEM top compartment and to the lemp. The lamp is fastened
by mean of a 5~32 stainless steel Nyloklscrew.

A new lamp can be inserted in place: and fastened in the some fasnien.
The power {ine is guided along the same route as before and the wires are soldered
ot the terminale. The potting compound is soli-nane 113-300 mixed with a TIPA
catalyst in a 4:3 mixture. The compound will set at rcom temperature in 12 hours,
Hardening can be nccelerted by wamning the volume witn @ gentle air flow
at 40° C from a heated air gun,

After completion, the lid is fastened in place insuring the! the compound

has the consistency of an eraser.
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CONCLUSIONS AND RECOAMENDATIONS

Tnis Final Tecnnical Report summarizes tae engineering, manufecturing
- and testing activities carried out during a period spaniing from September 1975
to June 1978, These cctivities resulted i the delivery of three space-wortny
Optical Effects Modules to the MNASA Marsnai! Jpace Flignt Center for incorpora-
tion in the 1ECM system of the Space Snuttle,

The program lasted for a total period of 22 mentns. All activities nave
been on tamet timewise, cxception made for tne delivery by the manufacturer of
the photomultipliers, an item which could not Le cbtained on schedule, The
program entailed an initial Preliminary Cesign Paose of 4 montns, a Critical
Cesign Prase of 5 montns and a remaining pericd of 13 monthas taken up by
Manufacturing, Testing and Delivery of the three fligntwerthy packages of tne
QEM.

All the initially set target figures for velume and weignt of the package
and for power cosumption nave been fully satisfied, Performance nas been
secured 1ot only for the fransmission mede as orizinally specified, but alse in a
second cnannel in the reflection rode.

The design of tae Optical Effects Mosulz required solution of @ sub-
stantial number of tecinelogical preblems. o tas forsfrent of our attenticn nas
been the source of radiation { UV lamp ) wnoss perfemance under laboratory
conditions was known only in @ superficial mayizr. Considerable time nad to be
invested in devising inhe aparopriate operating rzime for this lamp to avoid tne
catapnoretic effects induced by the application of @ L electric field and re-
sulting In reduced lifetimas, Thae nigh frequency operating mode developed for
tnis cperation nas been beneficial wita respsct to lifetims, 1 nos also resulted
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in appreciable savings of power by appropriate zsign of the inverter module and
of tha coupling transformer. Unfortunately, therc was not sufficient time during
this project to study the problems which are brougnt about by the extreme para-
meters of space operation. For instance, the cnange in the radiant cutput of the
source with temperature nas been apparent and it nas been documented, The
technique adopted in the measurements consists of taking ratios of the radiant
absorption or scattering versus an empty sample position. Thus, to first oppro~
ximation the effect of luminous radience change is compensated, However,
particularly at fow temperatures, where condensation effects of the lamp dopant

( mercury ) take place, the luminous intensity decreoses rapidly and raties of
small numbers become statistically less significant. At the otner end, in the

high temperature regime, the brignhtness increases rapidly with temperature impesing
a demand for @ wide dynomic range of the system, a fzature which is not amenable
to the limited acceptancs of the recérd?"g systam,

Initially, the system was based on the assumption of temperature
stabilization to be providad by the I[ECM thermal rail. From the viewpoint of
efficiency, thermal stabilization should nave been the task of each individual
package and it would nave been a preferable ciuice also for the OEM, Tnermal
stabilization of the lomp at some intermediate tcmperature, e.g. +30°C, would
nave entailed only a small power investment during cold orbits and a considerably
reduced change in luminous intensity during the hot orbit cases. In effect, since
tris lamp may well be the only reasonable approuch for the UV regicn for space
applications, edditienal investigations should bz devoted to develop temperature

stobilized prototypes, With elevated constant teaperature, the problem of dopant

-2



absorption against the electrode surface ( spongy molybdenum ) may well be
relieved, which would further impro\;e the lifetine. Otner types of electrodes
{ e.g. tungsten ) should be studied to determine pessible advantages in the glow
discharge regime of operation,

Substantial problems were encountered in the area of the detectors
( photomultipliers ). The fae_f that only ene sincle manufacturer exists now in
the US for space-wortny photomultipliers with seasitivity in this particular region
of the UV nas been adversely felt during this program. The procurement cycle for
the six photomultipliers required for the three OEM packages has lasted as long
as the project itself , depriving us of the opportunity of examining these sensors
more thoroughly befeore installation into the packages,

The complete circuitry for the OEM nas been designed following the
most advanced technology making use of low power CMOS devices. Selected
‘devices of MIL specifications were difficult to obtain and the delivery cycle re-
quired generally 16 weeks or longer. In the planning for eventual refurbishinent
of photomultipliers and electronic components fnese extended delivery times
should be taken into account,

In refrospect, the real difficulties encountered during the program may
be ascribed to the acquisition cycle, It becomes pregressively evident that
industry at large is avoiding the manufacturing and testing obligations for selected
small quantity components. Small business companies, sucn as BHK (UV iamps )
and Hurst Manufacturing ( stepping motors }, neve been a noticeable exception.
These outfits nove reacted with promptness fo tne special demands of the applica-

tion,



A considerakle omount of the pregram wes token up by paperwork. Some
of these activities could possibly be reduced i (e future at no detriment to the
completeness of the project ( e.g. 2 copies of tne Monthly Tecnnical Report instead
of 15 copies ). Tnis could result in substantial savings to the NASA op'eration and
to the contracter.

Finally, the constant fiaison with the NASA Technical Monitor, Mr. Roger
Linton, has proven to be the most useful element of the project. In all these nigh
technology programs requiring performance withia a very restricted time and
budgetary framework, the need for close licison between the agency and the
contractor is of paramount importance in reaching optimal decisions rapidly,
Periodic contacts with other members of the NMASA IECM teom nave been very
productive, This cooperative approach has made it possible to complete this
progmam in @ highly condensed sehedule and i, sxceeding a number of the targets
originally defined. Tre Optical Effects Viodule will serve as a real time eontam=~
ination monitor on board of the Space Shutile end should therefore beceme

useful instrument in future space programs.



