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FOREWARD

The Feces Monitoring System (FMS) is an automated system for collecting,
measuring and sampling human feces in the Shuttle Orbiter. The FMS was
developed under NASA Contract NAS-9-15159 as an extension of NASA Contract
NAS 9-11443. The FMS incorporates a micro computer coupled with a servometer
controiled slinger to provide fecal mass measurement capability; automated
fecal sampling is also provided. This report describes the FMS requirements
and the dgve]opment, fabrication and testing of the engineering model FMS

under NASA Contract NAS-9-15159.
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1.0  SUMMARY
The objective of the Feces Monitoring System (FMS) Program was
to design, fabricate, assemble and test an engineering model waste
collector system (WCS) to be used in support of 1ife science and
medical experiments related to Shuttle missions. The FMS design
was patterned closely after the Shuttle WCS, including: Interface
provisions; mounting; configuration; and operating procedures. These
similarities will make it possible to eventually substitute an FMS
for ﬁhe Shuttle WCS of Orbiter. In addition, several advanced waste
collection features, including the capability of real-time inertial
fecal separation and fecal mass measurement and sampling were incorp-

orated into the FMS design.

The engineering unit of the Feces Monitoring System (FMS) has
demonstrated the feasibility of measuring fecal mass and of obtaining
fecal samples without the time consuming and handling problems of bag
type systems. The FMS concept has been suffic%ent1y developed to overcome
most development problems; however, several refinements are required before
flight measuremeﬁt accuracy and user acceptability can be achiesved; namely:
1. The microcomputer integration with the slinger design
and the servo motor must be optimized. System signal to
noise ratio, threshold truncation of data and data manipulation
must be better understood for solid fecal mass;s and inier-
actions determined.
2. Long term users tests must be completed to assess system accept-
ability and durability.
3. Zero "g" aircraft tests with known sample sizes are needed to

calibrate to system for future spaceflight applications.,
-1 ‘



This report outlines a series of test phases which have lead to a
significant improvement in one standard deviation FMS mass measurement calibration
from +9% at the inception of testing to +7.7% presently. Further improvement
in mass measurement accuracy is expected with incorporation of an algorithm
in the microcomputer to provide for a highly accurate calibration curve for
mass calculation. Since the present system demonstrated +5% accuracy with a

normal 150 gram stool, it is expected to achieve this accuracy over the full

range and to possibly achieve +2% with the normal size defecation.

Basically, the lessons learned in the tests to date have been:

1. The microcomputer is an intricate device which requires
exact interfaces and precise application to the desired
function. For example, one of the more embarrassing
episodes in trouble-shooting the system prior to the onset
of Phase IIT testing was isolated to Toose wire connections
in the microcomputer. -

2. Seemingly minor design decisions radically impacted the system.
For example, the normal power limitation assumption resulted
in equipping the FMS with an adequate supply fﬁr normal functionss
however, it did not‘@ave the momentary resiliency necessary to
quickly re-establish slinger speed after defecation.

In summary, the FMS is a feasible concept for manﬁed spgcef1ight

apptications; however, more refinement is required prior to committing to a

flight hardware program.



2.0

BACKGROUND

Feces and urine mass and volume determination with attendant sampling
is required to support selected biomedical experiments in Shuttle.
Previous systems developed to support similar requirements in Skylab
were inefficient, in that: (1) They }equired an inordinate amount
of crew manipuiation to effect their operétion; (2) The systems

were exce551Ve1& large and heavy; and (3) They required an excess
amount of direct handling of the biowaste materials by the crewmen.

In addition, the requirement %or direct crew involvement through
Tengthy sampling procedures increased the risk of sample 1055 and/or
adulteration.

Under Contract NAS 1-11443, Development of an Advqnced Biowaste
Sampling System (ABSS), advanced concepts were developed for fecal

and urine measurement and sampling systems to support Shuttle bio-
medical experiments. The concepts were developed, and breadboard
hardware was designed and fabricated for demonstrating feces collection,
mass measurement and sampling techniques. This Contract (NAS 9-15159)
is an extension of the effort initiated under NAS-1-11443. Under

NAS 9-15159, an engineering model Feces Monitoring System (FMS) has

been designed, fabricated and tested.



3.0

FUNCTION

3.1  Functional Requirements

Céggepgua1iy,-£he ;MS is intended to satisfy requirements
developed as part of Contraét NAS 9-13747 to support Shuttle life
science and medical research and &iagnostic programs.

Based on the work statement‘design requirements, and the
general system concept, as represented by the previous contract effort,
an FMS Engineering Model performance specificaiion was prepafed
(Appendix A). This design specification defines both primary and
secondary performance requirements. Table 3.1-1 lists the major
design requirements.

Although optimization for minimum weight, power and size was
ﬁot required, the operating model was configured to provide both
a functional and attractive appearance representative of a possible
flight design and for simulation purposes, and to be compatible with
the WCS interface.

3.2 Functional Description

3.2.1 General

The Feces Monitoring System (FMS) provides for the
collection, mass measurement, sampling and storage of feces in
both a one "G" and zero "G" environment., Designed to interface
with the Shuttle Waste Collector Subsystems (WCS), the FMS is
modular in construction, with all of the principal components of

the assembly easily accessible. The commode mounting provisions



TABLE 3.1-1
FMS MAJOR DESIGN REQUIREMENTS

FECES COLLECTION
MALE/FEMALE USERS

o

o INERTIAL FECAL SEPARATION CAPABILITY
0 PNEUMATIC TRANSPORT
o MASS

500 GMS MAXIMUM PER DEFECATIONT

15 GMS MINIMUM PER DEFECATION

o RATE
0.75 DEFECATIONS PER MAN-DAY AVERAGE!

FECES MASS MEASUREMENT

o EACH DEFECATION
o REAL TIME
o ACCOMMODATE DEFECATIONS OF ALL POSSIBLE CONSISTENCIES
o ERROR, + 1 GM OR + 2%, WHICHEVER IS GREATER
FECES SAMPLING

o USER OPTION

o COLLECT COMPLETE SAMPLE

o COMPATIBLE WITH FREEZING OR LYOPHILIZATION

0 CROSS~CONTAMINATION, 0.5 GMS MAXIMUM
SYSTEM

0 SEMI-AUTOMATIC OPERATION
0 28 VDC POWER INPUT
o DATA TO TLM

FECES MASS

USER 1D

SAMPLE CONTAINER NUMBER

o CAPACITY, 210 MAN-DAYS MAXIMUM

Tgased on Skylab d§ta, Feces Data from Skylab, GE PIR TR60-74-150

-5-



are compatible with those of the WCS commode. Figure 3.2.7-1
shows the FMS engineer?ng unit, including an inertial drive
seat to assist in stool sep&ration in a zero "G" environment.
WCS design features such as vehicle interface, envelope, and
user interface have been incorporated into the FMS wherever
practical to minimize retraining of the user. The FMS does
not provide for the collection of urine, but is intended for
use in conjuﬁction with a urine collection system such as the
UMS developed under Contract NAS 15230. An Operations,
Maintenance and Handling Manual for the FMS is provided in
Appendix B. ‘

3.2.2 Collection and Storage

Patterned after the WCS, the FMS provides a collection
container or "commode" suitable for the storage of a quantity
of feces equivalent to that expected on a 30 day mission by a
crew of seven (7).

Collection is provided for by the-use of a WCS seat/slide
valve assembly. Fecal matter is deposited directly into the
commode as part of the act of defecation. The stool is conveyed
downward by gravity, or in zero "G", by a transport air stream,
until it contacts the slinger assembly. The slinger, a servomotor
driven circular flat p]aie having thirty (30) tines arranged
perpendicular to its surface at the periphery, rotates at
approximately 2,500 RPM. Upon ;ontacting the slinger tines, the

fecal matter is shredded and thrown outward into the commode.



- .

FMS _ENGINEERING UNIT

FIGURE 3.2.1-1




At the completion of the defecation process, the fecal
matter is dried, resulting in a decreased level of micro-
biological activity.

3.2.3 Mass Measurement

Mass measurement in the FMS is accomplished through
the use of a specially designed servomotor driven slinger
assembly schematically shown in Figure 3.2.3-1, and illustrated
in Figures 3.2.3-2 and 3.2.3-3. When feces admitted to the
commode contacts the slinger, it is shredded and thrown outward
toward the side of the commode. As in the WCS, the shredding
is intended to aid in drying the feces during storage. In the
FMS, however, the acceleration of the feces by the slinger
permits the determination of the mass of the material admitted
to the commode. When the fecal material contacts the slinger

and/or slinger tines, the slinger servomotor, which normally

operates at 2,500 RPM, is slowed slightly. The servomotor control

circuit senses this change in velocity and compensates for it by
increasing the current to the motor, thereby returning it to
normal 2,500 RPM speed. The FMS mass measurement concept is
based on the proportionality of the change in motor current and
the fecal mass. A microcomputer in the FMS continually monitors

the current and speed signals from the slinger. When the values

for current exceeds a preset threshold, a measurement cycle begins.

In this measurement, the area under the curve resulting from the




FECES

TRANSPORT
AIR
FLOW

A

1 b

C

|

SLINGER POWER '
PRIVE.
TO
St aR MON | TOR
| l
INTEGRATION
AND
SCALING

|—-v MASS OQUTPUT

TO DISPLAY

— INPUT POWER
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FIGURE 3.2.3-2 SERVOMOTOR DRIVEN SLINGER ASSEMBLY AND FILTER ASSEMBLY

FIGURE 3.2.3-3 INTEGRATED SERVOMOTOR DRIVEN SLINGER ASSEMBLY AND FILTER ASSEMBLY
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change in current is integrated. The resulting area is
converted to a BCD output signal which is a measure of the
mass of the fecal material admitted to the commode. The
resultant information is then printed out on the FMS printer
along with the USER ID NO., the SAMPLE CAN ID, and the
MEASURED MASS of the defecation.

3.2.4 Sampling

Provisions have been made in the FMS to permit
collection of fecal samples. Collection can be accomplished
without affecting the mass measurement capability. The
sampling system shown schematically in Figure 3.2.4-1 consists
of a set of sampling canisters, each containing a sampling
strip. When a canister is installed in the FMS, the sampling
strip is deployed to encircle the slinger wheel. As a result,
when fecal material is thrown outward by the action of the
slinger, the material impinges on the collection strip instead
of the commode. The collection strip surface is designed to
retain the material. Upon completion of the defecation, the
sampling strip can be withdrawn from around the slinger, and
the canister which now will contain the feces sample can be
removed from the commode and stored.

3.3 System Description

The FMS is designed to be compatible with the Shuttle WCS
envelope as shown in Figure 3.3-1. Figure 3.3-2 and Figure 3.3-3

show the FMS with the cover ON and the cover OFF, respectively.

=11-
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FIGURE 3.3-2 FMS WITH COVER ON

FIGURE 3.3-3 FMS WITH COVER OFF
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Figures 3.3-4 and 3.3-5 show the left and right sides of the
FMS. Figure 3.3-6 is a rear view of the strhcture support, power
supplies and muffler/filter. Modular design concepts were employed
in the design to enhance maintainability and repair. Drawings and
a parts list for the FMS can be found in Appendix C. Modules or
assemblies include:

0 Structure

0o Commode

0o Seat/Inertial Drive/Sampling

o Power Supply

o Slinger/Motor

o Electronics/Control

o Microcomputer

3.3, Structure Module

The FMS structure (Figure 3.3.1-1) is a tubular assembly
having three (3) supporting legs and incorporating commode mounting
plates and the system operating handle assembly. Provisions also
include mountings for the electronics box, the control box, the micro-
computer, the system blower and charcoal filter.

The FMS Structure is designed and arranged to be similar
to the WCS structure.

3.3.2 Commode Module

The FMS Commode (Figure 3.3.2-1) is patterned after the WCS
Commode Assembly and incorporates mounting provisions compatible

with the WCS. A recess in the top surface of the assembly contains

iy [



FIGURE 3.3-4 LEFT SIDE OF FMS

FIGURE 3.3-5 RIGHT SIDE OF FMS
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FIGURE 3.3-6 REAR VIEW OF FMS

FIGURE 3.3.2-1 FMS

COMMAND MODULE
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provisions for mounting the Seat/Inertial Drive/Sampling
module and the Power Supply module. The commode volume is
designed to provide fecal storage capability for approximately
210 man days of operation.

3.3.3 Seat/Inertial Drive and Sampling Module (Figure 3.3.3-1)

The Seat/Inertial Drive Module provides the user
interface with the FMS during system operation. The WCS type
seat is designed to position the user over the slide valve
port. The seat is attached to the Inertial Drive Assembly.

A motor driven lifting assembly is employed to slowly
elevate the FMS seat (and user) for a distance of approximately
two (2) inches. At the conclusion of this upward motion, the
seat is released and snaps downward to its original position
carrying the user with it. The resulting impact is intended to
cause separation of the stool from the user.

Sampling in the FMS is accomplished through the use
of the sampling assembly and a sample canister (Figure 3.3.3-2,
and 3.3.3-3). The sampling assembly consists of a slide valve
assembly, a sample strip deployment sprocket/gear assembly, and
a sample strip guide. The canister assembly consists of an outer
cover, a sample strip spool, a sample strip and removable handle.
The canister is designed to be suitable with fecal sample storage
methods, including freezing. Design features of the sample

canister are outlined in Table 3.3.3-1.

18
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FIGURE 3.3.3-1

SEAT/INERTIAL DRIVE AND SAMPLING MODULE WITH SAMPLING CANISTER IN PLACE

FIGURE 3.3.3-2 SAMPLE CANISTER

FIGURE 3.3.3-3
PARTIALLY ASSEMBLED SAMPLE MODULE SHOWING SAMPLE CANISTER WITH SAMPLING STRIP DEPLOYED

-19-



TABLE 3.3.3-1
SAMPLE CANISTER

DESIGN

DESIGN FEATURES

o SAMPLE STRIP DEPLOYS WITH 2 TURNS OF CANISTER
o CANISTER CANNOT BE REMOVED WITH SAMPLE SLIDE VALVE OPENED

o SAMPLE SLIDE VALVE CANNOT BE OPENED WITHOUT CANISTER IN PLACE
o OUTER CAN ENCLOSES SAMPLE TO MINIMIZE CONTAMINATION

o CANISTER IDENTIFICATION

o VOLUME - 19.4 IN3 (318 cc)

0 SAMPLE STRIP LENGTH - 26.5"

-20-
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3.3.4 Power Supply Module

The power supply module (Figure 3.3.4-1) contains
the power supplies required for operation of the FMS. Using
a 28VDC power source, this module provides the following:

VOLTAGE PURPOSE
+5VDC Digital Signal
-5VDC Digital Signal
+34.6VDC Servomotor Power
-34.6VDC Servomotor Power
+12.3VDC Sample Container ID
+15VDC Servomotor Control

FIGURE 3.3.4-1 POWER SUPPLY MODULE

-21=-



3.3.5 Slinger/Motor Module

This S1inger/Motor Module (Figure 3.3.5-1) consists of
the Slinger motor and support, the slinger and the debris/bacteria
filter. Access to the assembly is available through the top
of the FMS by removing the Seat/Inertial Drive/Sampling Module
or by removing the assembly through the bottom of the commode.

3.3.6 Electronics/Control Box Assemblies/Control Panel

The Electronics Box and the Control Box (Figure 3.3.6-1)
are located at the left front of the FMS, and are accessible by
removing the FMS cover. Figure 3.3.6-2 shows the control panel.
The Electronics Box contains the analog signal processing
electronics board for sensor motor control and mass measurement.
A second board contains the electronics necessary for sample
canister identification, signal conversion and provides the
signal conditioning required for the microcomputer interface.

FMS switching including Power, User ID, Inertial Seat
Drive and Slinger Stop are contained in the Control Box.

3.3.7 Microcomputer Module

The STinger system measures mass of fecal material while
in a one "G" or zero "G" condition by measuring the energy required
to accelerate the sample mass up to a known speed. Figure 3.3.7-1

is a block diagram of the FMS mass measurement process. Figures

3.3.7-2 and 3.3.7-3 show the microcomputer module. The acceleration

mechanism or slinger is a circular disk, along the periphery
of which 30 tines are mounted vertically. In operation, the

slinger is rotated at a speed of 2,500 RPM by a servomotor. The

by
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FIGURE 3.3.6-2 CONTROL PANEL
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FIGURE 3.3.7-2 MICROCOMPUTER MODULE
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sample mass is, upon being admitted to the system, drawn
onto the slinger tines by an air stream. As the mass hits
the tines, it is shredded and accelerated up to the speed of the
disk, thrown away from the slinger disk, and collected in the
commode which surrounds the disk. The slinger is kept at a
constant speed by a servoloop comprised of an amplifier and
a motor tachometer. When the motor is slowed by the sample, the
current to the motor is increased to maintain velocity. This
current change is sensed by a current sensing resistor which is
in series with the motor armature. This motor power signal and
the tachometer output voltage signal are introduced into the
analog to digital converter (ADC) which is the analog input to
the 8080 Microcomputer System. The Microcomputer calculates
the area under the waveform during the period of interest, converts
the resulting "counts" to "grams". At the completion of FMS use,
the microcomputer transmits "SAMPLE MASS" data along with the
"USER ID" and “SAMPLE ID" to the system printer which prints the
information on hard copy.

Characteristics of the 8080 Computer System employed in
the FMS are shown in Table 3.3.7-1.

-26-



4.0

TEST PROGRAM, INCLUDING HARDWARE MODIFICATIONS

4.1 Mass Measuhemenxﬁaqd“CaJibpation

Evaluation of the FMS pgrfonnance-wés based upon observed
performance during a series of simulated fecal mass measurement tests
In these fests, a simulated fecal material, comparable to- feces in
consistency, was mixed from "Gainsburger" dog foed and Mazola 011.
Measured weight samples were admitted to the FMS in a manner to
simulate the act of defecation.

The testing was conducted in several phases. During Phase I,
which was conducted over an extended.time period, 242 known weight
samples were injected into the FMS and measured. Sample weights
ranged f}om 25 to 400 grams. Operational limitations of the sample
injections differed (e.g., no exact control of rate of injection or
angle of injection) and the number of sampies run at a specific
weight value was not controlled.

" s a result of variability noted in the collection of Phase I
data, (e.g., intermittent data recording malfunctions, And apparent

variability resulting from the time of day and operator) additional

testing was conducted. Phase II tests consisted of injecting simulated

fecal samples over the 25 to 400 gram range. A total of 10 samples
was run for each weight (a total of 90 samples.over the weight range)
and additional care was taken to insure that the angle of injection
and rate of injection was relztively constant and similar to that

expected to occur during FMS use.

~28-



The results of Phase II testing revealed an apparent
morning)afternoon'cyc1ica1 effect on data as well as continuing
occasional intermittent failure of data processing. Although.the
procedure for- injection of samples was performed in a counter-
balanced design to delineate the possible morning/afterncon effects,
the variability and occasional reversals jin the data indicated
that statisticaTl analysis would not Ee worthwhile.

Further evaluation of the Hardware and microcomputer was.
conducted as a result of the Phase II testing. The evaluation
resulted in modification to the Power Supply and microcomputer.

During the development testing of the FMS breadboard, a
resistor in the servo-system.g1ectronics was dhanged.from 0.047 ohms
to 6.0 to limit or-reduéé the current to the slinger motor during a

load change. The reduction in current to the motor during periods of load

resulted in a "Toosening" of the slinger motor serve control system.

This loosening was characterized by a marked change in speed changes of the
slinger when a load was applied. FMS .mass measurement is based on the
premise that the mass of the material is. proportional to the energy change
in the servo Toop required to maintain the siinger at a fixed or constant
speed. While a speed change correction factor had been incorporated in
the- FMS microcomputer algorythm when. the FMS breadboard was built, it .

appeared possible that -the factor might-not adequately compensate for



the full effect. of the .speed change observed under-this reduced
current. condition.

It was decided to perform an additional series of tests with .
the, current to the servo system "unlimited.” To accomplish this, the:
aforementioned 6 ochm resistor was replaced with a 0.1 ohm resistor.

This change resulted in a "tighter" servo system;'however, as a

resylt of this change, the magnitude of the signal to the microcomputer
was also reduced. An-amplifier was constructed as shown in Figure 4.1-1
to compensate for this reduction to allow the microprocessor t& function

wWithin its normal Timits.
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FIGURE 4.1-1 FMS"AUXILIARY AMPLIFIER
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This- amplifier was used to-increase the output signaf Tevel
from‘the servo electronics.

Examination of the microcomputer revealed several loose
coﬁnections associated with jumpers that were instalied in the
microcomputer. Movement of the loose connections was observed to
-cause intermittent data Tosses. The connections were corrected.

Upon completion of the resistor change; amplifier fabrication
and test and microcomputer correction rework; a series of tests
starting with a preliminary test and then .a Phase II1 test was
conducted. The preliminary tests were conducted in morning and
afternoon time periods and used 150 gram samples. A total of 30 test
injections were conducted. Phase IIL testing was performed comparably
to Phase Il testing. Simulated fecal masses of from 25 to 400 grams
were.ﬁnjected into the FMS. Ten samples were injected at each of the
weight classes used for a total of 90 samples. Following completion
of the Phase III calibration, a series of 15 known weights were
injected into the FMS. Five weights were used at approximately 50,

150 and 350 gram weight classes. The sample values obtained by FMS
measurement were used to check FMS system accuracy by usé of the linear
regression calibration curve to predict sample mass.

4.2  Sampling

Sampling was performed as part of the mass measurement test.

In this test, a sample canister was weighed and inserted in the FMS. A -
simulated fecal sample was then weighed and inputted to the FMS. Upon

contacting the slinger, the simulated defecation was shredded and
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thrown outward in the normal manner. The simulated defecation
was retained on the sample strip. The slinger was stopped, the
sample strip was retracted and the sample canister removed and
reweighed. The weight relationship between the simulated fecal

input and the collected sampie was calculated.



5.0

RESULTS/DISCUSSIONS

5.1 Mass Measurement and Calibration

The data and methods used for analyses for performance of
mass measurement and calibration of the.FMS can be found in Appendix
D. Methods used for data analysis have -inciuded 1inear regression
curve fitting and description statistics.

5.1.1 Phase I - Extended Testing

Summaries of the results and data plots of Phase I
power limited testing for the 242 simulated fecal samples that
were introduced into the UMS can be found in Table 5.1.1-7.
Figure 5.1.1-1 shows the calculated mass values for the simulated

. fecal input weights for the Phase I testing. Figure 5.1.1-2

shows the error values (deviation from input weight) as a
function of simulated fecal input weights. '

The summayy Table 5.1.7-1 shows a standard deviation
of error scores of approximately nine percent. This deviation
score is for all sample points across the 25 to 400 gram weight range
tested. A11 data has been included, regardless of some variables
introduced by operational procedures or potential equipment
malfunction. Figure 5.1.1-1 is an illustration of the spread of
the calculated mass showing the linearity of the calculated
values versus the input weights. Figure 5.1.1-2 shows the spread
of the error scores for the input weights. Note that the error

scores are relatively large and eveniy spread throughout the data.
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TABLE 5.1.1-1 SUMMARY VALUES FOR ERROR SCORE FOR PHASE I TESTING

ARTTHMETIC PIEAN:
STAMDARD DEWIATIOM:
YARTAMNCE:

HUMEER OF %ALLEZ:

MA=IMUNM LIKELIROOD
EZTIMATEE FOR
POPULATION PRRAMETERE

~1.7400
S, 20
20, 354

fu
4
i
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5.1.2 Phase Il Testing

Summaries of the results and data plots for Phase II
power Timited tests are sbown in Table 5.1.2-T and Figures
5.1.2-1 and 5.1.2-2. Figuré 5.1.2-f shows thé EaTcuTated‘mass
values for the simulated fecal input weights for the Phase II
testing. Figure 5.1.2-2 shows the error values as a function
of simulated fﬁcaﬂ input weights.

The Summary Table 5.1.2-1 shows that for the- total
population of 90 scores in the 1imited power mode Phase II
testing, there was a standard deviation of the error score of
approximately 13.6%. This data had marked variability between
morning. and afternoon sessions: which was unexplained. Evaluation
of.the data, however, indicated that a major portion of the error
was being: caused by the 25 and 50 gram weight classes. The
lower portion of Table 5.7.2-1 shows the effect of removing the
25 and 50 gram scores from the data. The standard deviation
score was reduced to approximately‘B.Y%“ The large -errors found
at the low end of the weight classes may be due to the specific
algorythm and threshold values used in the m{crocomputer.
Figure-5.1.2-1 is an-illustration of the spread of the calculated
mass showing the linearity of the calculated weights. versus the
input weight. Figure 5.1.2-2 shows the spread of the error scores
for the input weights. Note the very wide spread of errors at low

© masses with decreasing values at higher masses.
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TABLE 5.1.2-1

SUMMARY- VALUES FOR PHASE II TESTING INCLUDING 90- AND 70 SAMPLE POPULATION.

APITHMETIC MEAN:
STANDARD DEYIATION:
YRR IAMCE !

MUMBER OF WALUES:

APITHMETIC MEAM:
TTRANDARPD DEYIATIONS

YARTAMCES
NUMBER OF “VALUES:

MRXIMUM L IKEL IHOOD
STIMATES FOR
POPLULATION PRRAMETERS

Ed|

38 THRsueH Yop GRAM

MR IMUM L IKEL IHOOD
STIMATE: FOP
FORULATIOM PRPAMETERZ

(m.
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5.1.3 Phase III Testing

Becayse of the variability found in the Phase I and 1I
testing, additional hardware and microcomputer evaluations were
performed. As indicated in Section 4:],‘modifications to. power
(pqwer Timitations to the servomotor removed) and the micro-
computer (corrections of Toose/intermittent coﬁnections) were
implemented and the test rerun in basically the same fashion as
in Phase II.

Phase III initial tests consisted of rerunning thirty
150 gram samples in morning and. afternoon sessions. Data analysis
indicated no differences. between morning and afternoon session..
The mean values of unconverted raw count scores for morning session
was 112.3,. and the .mean value of uncorrected raw count scores for
the afternoon session was 112.7. Further, the overall T standard
deviation score for the raw count data was a Tow 2.9%. This
Tow. value of variability may be in part due to the fact that in all
other testing inputs sample size was randomized whereas in this
sequence, all samples were 150 gram samples in succession with no
intervening different weight samples.

Phase III unlimited power testing was then continued.
Summaries of the results are shown in Table 5.7.3-1. The
variability of the scores, similar-to Phase II results, is shown
to be reduced significantly by removing the 25 and 50 gram samples.
The standard deviation score for the 90 sample analysis wag 8.3%

while the standard deviation for the 70 sample analysis was 6.5%.
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TABLE 5.71.3-1
‘SUMMARY VALUES' FOR PE i '

FOR PHASE ITI TESTING INCLUDING 90 AND 70 SAMPLE POPULATIONS

MHsIMUM LIKEL 1HOOD UHBIARZED
SETIMATES FOR :
PORULATION RPARAMETERS
ARITHHMETIC MEAN:
ZTEMDARD DEYIATION:

=STIMATES FOR
POFULATION FRRAMETERS
~1.3188 -1.2165
P, 2P B.3162
YRRIANLE: _ b33 5. 15%
MUMBER OF YALUEZ
25 thrugl v grame Sarmp e
MFETIUM LIKELIHBAD UMBIRGED
ESTIMHTES FOR SSTIMRIES FOR
FOFULAT ION PRRAMETERS POPULATION SARAMETERS
ARITHMETIC MEAM: ~J.B21T3 B.52173
STRNDARD DEVIATION: —_—5.5103 i.ssra
YARIAMNCE: i Fda S F2 .S
MUMBER OF “RALLES
(ﬁﬂ&m&d A

and £ gram Semple il

-42-



Figure 5.1.3-1 shows the calculated mass as a function of

input weight and illustrates the 1inearity and spread of the

data. Figure 5.1.3-1 shows. the calculated mass as a function of
input weight for the 90 samples of Phase III testing. Note

the 1inearity and spread of the-data. Figures 551.5-2 and 5.1.2-3
show the error scores versus input weight for the 90 and 70.sample
analyses, respectively. The 70 sample population has reduced
error values and variability.

After examination of the data and regression analyses,
con;ideration was. given to the possibility of using a micro-
processor on the FMS to give an "exact" %1t to the calibration
data as: opposed to the assuming that the relationship between
weight inputs and measured estimated masses was Tiﬂeﬁﬁ. To obtain an
approximation of what such a data fitting techniqhe might do to
error variability,. the data from the Phase III power unlimited
tests was blocked in groups according: to the specific weights
inputted. Nine blocks of data were available with 10 data points
for each of the weight classes which ranged from 25 to 400 grams.
Table 5.1.3-2 shows the results of the calculation for standard
deviation error scores for. the grouped by input weight-data for
Phase- III testing. The overall average standard deviation efror
value for all weight. groups is 7.77%. Elimination of the two Towest
groups (25 and 50 grams) reduces the average standard deviation

value to 6.54%. Thus, a better fitting calibration curve should
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TABLE 5.7.3-2
STANDARD DEVIATION -OF CALCULATED ERROR SCORES FOR PHASE ITI UNLIMITED. POWER DATA!

SAMPLE STANDARD DEVIATION
NEIGHT OF CALCULATED
GROUP - _ERRORS
25 14.94
50 9.20
75 6.97
100 9.00
125 : 5.37
150 6.59
200 5.79
300 © 5.06
400 7.06

pata for these analyses can be found in Appendix D.
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result in a Tower -calculated error value (incteased_accunaqy

of measurement) than the use of a linear regression approach.

Further, as was also ‘'seen in previous data analyses, the Targest

source of errgr results from the very small sample size groups.

These results suggest the incorporation of a microprocessor in

the FMS which reflects the exact shape of the calibrated curve

and concentration in reducing errors at small sample sizes.
Following completion of the Phase III calibration/error

curve testing, fifteen samples of known weight were injected

into the FMS. Five samples were injected at approximately 50,

150 and 350 weight values. The resulting FMS output data was

treated as though the weight values were unknown. The FMS

output for ééch of the “unknowns" was projected to a mésg

va]ue‘using the Tinear regression curve developed from the Phase III

calibration- data. Each resulting value was compared to the

actual input weight and a percentage accuracy score was calculated.

Figure 5.1.3-4 shows. the resulting distribution of values. At

fifty grams, the range of error was from -29% to +2%. At 150 grams,

the error range was from -6% to +4%, while at 350 grams, the error

range was.from -8% to +5%. Note that the values are nega?ive]y

skewed. With additional correction, for this shift, the accuracy

range would have been +15.5%, +5% and +6.5% for the 50, 150 and

350 gram weight classes respectively. Additional reduction in

these error scores could have been accomplished if specific

calibration curve fittings had been part of the microcomputer

rather than using a best fit Tinear regression.
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5.2  Sampling
A wide variation was observed in the samples collected.

During the sampling testing, for example, with two-hundred gram
input, the sample sizes varied from approximately 50 to 150 grap§.
However, it was observed that the collected samples were distributed
in a relatively uniform layer on the sampie strip.

The design of tﬁe sampling strip/canister/track provides that
the sample strip be formed to assure proper engagement with the
sample st}ip deployment sprocket. When properly formed in this
manner, the sample strip deployment and retraction were positive
and the operation was smooth.

5.3  Inertial Collector

Performance of the inertial collector is partially gravity
dependent. Inm a one "g" environment, the inertial seat drive motor
is required to raise the full weight of the user while compressing
the return spring. In zero "g", the motor will only drive against
the load of the return spring since the user will be weightless.

The FMS drive system is based on a compromise. To maintain a package
size compatible with the FMS design, the drive motor is designed to
raise a load of 175 pounds against the spring force. For weights in
excess of this, it is necessary for the user to assist the mechanism
by pushing himself up via the FMS handles.

Cycle time for the inertial seat drive operation is approximately

ten seconds. During this time, the seat is raised through a distance
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of approximately 2.0 inches .after which it is driven downward.
sharply -by the compression load on the return spring, and in one "g"
by the. weight. of the user, and impacts four rubber bumper pads
positioned around the inertial drive mechanism. Impact resulted in a
sharp, Toud report type sound which will require additional design
effort to reduce the noise to a more acceptable level.

Extensive testing of the inertial seat was not performed due
to. the effects of one "g" on the §ystem,,and the lack of zero "g"
effects on stool separation. Zero "g" flights are required to further

evaluate this system.
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6.0

CONCLUSIONS /RECOMMENDATIONS

6.1

Conclusions

6.1.17 Mass Measurement

This report has described a series of tests on the FMS
where significant performance improvement In actual fecal mass
measurement has been demonstrated. Initial accuracy measurements
{one standgrd deviation scores) at the outset of this. effort
were as high as +9%. Improvements in analysis methods and
hardware and microcomputer modifications have resuited in a
reduction of measurement error to +7.7% ove} the  range of
simulated fecal weights systematically tested (25 to 400 grams).
Further testing of the FMS after calibration showed actual
ranges of accuracy of +5% for nominal weight stools (150 grams).

Generally consistent throughout all testing was the
phenomena that the poorest accuracies were found at Tow
simulated stool values (25 and 50 grams); accuracy was markedly
improved by elimination of these data points from the analyses.
Examination of possible causes for this relatively large error
at low mass values included: Threshold sensitiyity of the micro-
computer which adversely affects FMS data at Tow weight vélues;
Differences in the microprocessor with respect to the number of
significant digits used for calculation:at Tow and high mass
values; and, The mathematical methods for calculating estimated

masses as performed by the microcomputer.



Operational conditions such as the angle of contact
‘of the stool with the slinger, and the rate of movement of the
stool at contact with. the slinger may also have significant
effect on accuracy of measuremeﬁy. Some aspects of these
variables might be better controiled in a zero "g" environment.
with- controlled air fiow where better control of stool movement
and position might be. achieved.

Considering all the operational paraméters impacting
the measurement of a fecal mass in the FMS, the goal of a
measurement accuracy of +2% may be difficult, but not impossible
to accomplish. Accuracy on-the order of +5% should be relatively-
easy to accompTish with further vefinement of the existing FMS.
Review of requirements for clinical and médfca] research test
data of the type anticipated for the FMS suggests that accuracy
of +5% may ber sufficient. Further consideration of the measure-
ment accuracy regquirement would be helpful in determining the
course of further FMS deve]obﬁent.

1 The FMS, with refinements, has. the feasibility of measuring
fecal mass and of obtaining fecal sampies without excessive time
consumption, handling problems and .other- inherent difficulties
of bag type systems. .

6.7.2 Sampling System and Inertial Seat

The sampling system was. demonstrated to function approx-
imately in a one "g™ environment. The inertial seat, for

fecal separatiom, functioned according to design but within the
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basic Timitations of a one "g" .demonstration-system. ~Both
the sampling system and the inertial seat require zero "g"
testing in Keplarian Flight for complete testing of their
performance.

6.2 Recomhendations

The FMS concept has been sufficiently developed to overcome
déveiopment problems; however, several refinements are required before
complete fTight measurement accuracy and user acceptability will be
fully achieved. These include:

¢ The microcomputer integration with the specific sTinger

design and the servo-motor must be optimized. System
signal to noise ratio, threshoid truncation and data
manipulation must be better understood for solid fecdl
mass estimatiépm Calibration of the FMS should be pro-
vided by a ROM in the microprocessor to provide a specific
curve for mass estimates rather than a linear regression
or constant conversion.

¢ Long term users tests must be completed to assess system

acceptability and durability.

e Zero "g" aircraft. tests with known sample sizes are needed

- to calibrate the FMS and measure the accuracy of mass
measurement in a zero "g" environment. Evaluations in
zero "g" should also assess performance of the sampling

mechanism and the inertial seat of the FMS.
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Phased refinement of the FMS is recommended starting with
the microprocessor and design improvements followed by the iorg term ground
based. testing and ending with the zero "g" tests. This approach will
provide assurance of zero "g" functional FMS which will meet the flight
crew. requirements. while satisfying the needs of medical investigators

requiring FMS capabilities.
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APPENDIX A

FMS ENGINEERING MODEL

PERFORMANCE SPECIFICATION
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3.1.1 Functional Requirements

. The Feces Monitoring System (FMS) engineering model shall be comprised of those com~

“ponénts and assemblies required for the collection, mass measurement, sampling and

storage of feces. from individual defecations.

3.1.7.1 Primary Performance Reguirements

3.1.1.7.7 "Collection
The FMS éngineering model shall collect the total quantity of feces voided by a
human subject. Specifically, the engineering model shall Rave the capability to
accommodate the following:

a. An average input of 130 grams per defecation.

b. A maximum input of 500 grams per defecation.

c. A minimum input of 15 grams per defecation.

d. An average input of 100 grams per man-day.

e. An average of (.75 defecations per man-day.

f. An avérage feces water content of 73%.

g. A feces water content range of 50 to 100%.

An individual fecal discharge exceeding the above maximum values shall not cause

failure of the FMS engineering model.

3.1.1.1.2 Mass. Measurement

The FMS engineering model shall automatically measure the total quantity of fecal
material voided at .each defecation. Each defecation shall be measured in real time
with a maximum error (one standard deviation) of + one .gram or + 2%, whichever is

greater. This error requirement shall be compatible with a mass thru-put range of
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125 to 1250 grams/second. A larger error-shall be acceptable for mass thru-put

rates outside the 125 to 1250 grams/second range.

3.1.1.1.3 Sampiing

The' FMS. engineering model shall be capable of providing, at the option of the user,.
a representative sample from each defecation for in or post. flight apalysis. Specific
requirements are as follows:
a. The minimum size of the collected sample shall be 20 grams or 20%
of the total fecal mass voided,. whichever is less.
b. Cross-contamination between defecations shall be minimized. The
design goal shall be & maximum of 0.5 grams of fecal material

carry-over between defecations.

3.71.1.1.3.1 Samp1? Container

Individual user identifiable sample containers. shall be provided. The: sample con-
tainers shall not degrade subsequent chemical or microbiological analyses or moisture
content determinations. The container shall provide positive retention of the col-

Tected. sample.

3.1.1.1.3.2 Preservation/Storage

The sample container design shall be compatible with Tow temperature storage (-20°
to 70°C) or lyophilization depending on the purpose of in or post fiight tests.

Note: Storage or- Tyophilization equipment are not part of the FMS engineering model.

3.1.7.1.4. Waste Disposal

The FMS engineering model shall provide integral controlled storage of excess fecal

material and used wipes.
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3,1,1.].5 Equipment Requirements.

The FMS engineering model shall conform to the functional block d%agram of Figure

3-1“]0

3.1.1.1.5.1 Disn1ax§

The FMS engineering model shall provide a visual indication of operational status.

3.1.1.1.5.2 Power Conditioning

The FMS engineering model shall be designed to operate on nominal 28 VDC power.

3.1.1.1.5.3__Gravity Field

The FMS. engineering model shall be.designed for gravity independent operation. How-

ever, performance shall be demonstrated for normal earth gravity conditions only.

3.1.1.1.5.4 Configuration

The FMS engiheerfng model shall be configured to provide both a functional and attrac-
tive appearance representative. of a possible flight configuration and generally con-
forming to. the space Timitations and interfaces.associaﬁed‘with the‘SHUfTLE Waste
Collection System (WCS). The engineering model shall be compatible with both male

and female users. The engineering model need not be optimized for minimum size,

weight or power input.

3.1.7.1.5.5. Operation
The: FMS engiheéring model shall be designed for & high degree of automatic oper-
ation, Defecation preparation time shall not exceed 30 seconds. Mass measurement

and waste storage control shall be automatic.
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3.1.1.1.4.6 Data Qutput

The FMS engineering model shall correlate the corresponding feces sample container
number, user ID and mass measurement data and récord this information on an external

recorder (not an integral part of the engineering model).

3.1.1.1.4.7 Maintenance -
The FMS: engineering model shall be designed to be easily maintainable including re-

placement of components.

3.1.1.4.8 Microorganism Control

The FMS engineering model shall be designed for automatic microorganism control of

stored feces. Exposure to vacuum conditions shall be used as the control mechanism.

3.1.1.4.9 MNoise

During operation, the FMS eﬁgineering model noise level shall not exceed TBD db.

3.1.1.2 Secondary Perfo%mance'Requjrements

The FMS engineering model shall conform to. the block diagram of Figure 3.1.1.2-1
and operating sequence of Fig. 3.1.1.2-2. As appropriate, thé FMS engineering model
components, configuration and operation shall be jdentical to or approximate the

SHUTTLE WCS.

3.1.71.2.1 3Configuration ’

The FMS engineering model shall be configured to fit within the envelope, shown in

Figure 3.1.7.2-3.

3.1.1.2.2 Height

The FMS engineering model shall not be weight constrained.
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1 USER seated
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3.1.1.2.3 Component Description

3.1.1.2.3.1

Seat Assembly

The seat assembly serves to align the user in a near central position with axis of

the sTide valve assembly. Specific design requirements are as follows:

a.

b.

The seat opening shall be circular and a minimum 3.5 inches in diameter.
The seat surface shall be configured to achieve a comfortablie load dis-
tribution, buttock cheek spreading and user confidence in positional
aiignment.

The seat design shall be such as to permit simuitaneous use of an
associated urine collection capability (not part of engr. model).

The seat assembly shall provide for a circumferential flow of ambient.
air over the user's anal area. The purpose of this airflow (generated
by the blower, Section 3.1.1.2.3.8) is to control odors, assist the
inertial collection mechanism (Section 3.1.1.2.3.2) in disengaging and

providing transport of the feces into the system.

3.1.1.2.3.2 Inertial Collection Mechanism

The inertial collection mechanism provides the necessary inertial force to detach

and convey voided feces into the system. Specific design requirements are as

follows:

d.

The inertial collection mechanism shall be designed for a user mass
range of 50 to 100 K& (corresponding to about the 5th percentile for
females and the 95th percentile for males.)

Activation of the inertial collection mechanism shall be controlled

by the user,
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¢. The inertial collection mechanism shall not .be capable of generating
inertial forces except as a product of the activation process.
d. The magnitude of the inertial forces generated shall not endanger the

user.

3.1.1.2.3.3 Slide Valve Assembly

The slide valve assembly acts: as. a controllable interface between the inertial col-’
Tection mechanism and the remainder of the subsystem elements. Specific design re-
quirements are as follows: ' '

a. The slide valve assemb}y shall provide a. controllable access. to the storage
contafner (Section 3.1.1.2.3.6). o

b. The slide valve assembly shail be ﬁénua13y operable: operating torque shall
not egceed 25 in.-1bs.

c. The slide valve assembly shall include a pesition detection device so that
initial valve movement will activate. subsystem operation sequances, if re-
quired.

d. 0Odors and/or microorganisms shall not be capable of migrating to ambient-
via the slide valve assembly.

-e. The slide valve:shall incorporate an- interlock to inhibit opening if the
storage container interior (Sactjon 3.1.1.2.3.6) is at vacuum conditions.

f. Leakage of ambient air to vacuum: thru the slide valve shall not exceed

TED cm3/second.

3.1.1.2.3.4 Mass Detector

The .mass detector assembly performs a number of closely related functions. The
mass detector assembly senses the mass of the incoming fecal material. The -assembly

conveys the incoming fecal material into the sample container (Section 3.7.1.2.3.5)
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and distributes the remainder abqut the inner- periphery of the storage container to

promote rapid drying. Specific design requirements are as follows:

a.

The -active element shall be a.slinger, i.e., a rotating disc approximately
5.0 inches in diameter- and with a minimum .of 30 tines located at the
periphery of and projecting at approximately 90° to the surface of the disc.
Mass sensing shall be accomplished.by integration of the incremental power
input to the slinger (during transit of fecal material thru the slinger
tines).

The siinger element shall be controlled to operate at a constant rotational
speed of 2500 rpm * 0.7%.

The slinger element shall be shaped and/or treated to minimize build-up of

. fecal solids.

The direction of rotation and orientation of slinger blades shall be com-

patible with operation of the Sampling Assembly (Section 3.1.1.2.3.4).

. A positive means of preventing tissue build-up on the slinger element shall

be provided.

3.1.1.2.3.5- Sampling Assembly

The function of the sampling assembly is to automatically collect if -desired, a

portion of each fecal discharge for later analysis. The assembly consists of a

sample container per se, a sampliing element insertion mechanism and an isolation

inlet valve. for interfacing with the storage container (Seciton 3.7.1.2.3.7).

Specific design requirements are as follows:

a.

Each sample container shall be-compatible with the requirements of
Section 3.1.1.1.3.

Each sampTe container shall be seria11y'numbered (alphanumeric and
format) with identification number compatible with an automatic read-out

device.
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c. The sampie container shail be designed for sterilization prior to use.

d. The sample container shall be capable of normal handling wﬁthout-Iéakage.

e. The sample container shall interface with the storage container via
an inlet valve. This valve shall 6n1y be operable if a sample container
is in place. ’

f. The inlet valve and sampling element insertioh mechanism shall be manually
operated.

g. Opening the inlet valve shall be inhibited if the storage container interior

is at vacuum conditions.

3.1.1.2.3.6 Storage Container

The function of the storage container is to provide aseptic storage of waste inputs.
The storage container also serves as a structural support and/or-to contain ofher
system'efemenﬁs. Specific design. requirements are.as follows:
a. The storage container shall be generally circular in shape and be sizeq
for 210 man-days- of use (7 men for 30 days)..
b. The storage container shall accemmodate used wiping tissue as well as
feces..
c. To position 'the 1iquid portion of diarrhetic discharges, an open pore

foam type element shall be located-within the storage container.

3.1.1.2.3.7 Debris/Bacteria Filter

The function of the debris/bacteria filter is to frap airborne microorganisms. (down
to virus size) prior ‘to the return of transport air to.ambient. Specific design
requirements are as foellows:

a&. The-bacterfa filter medium shall be capable of removing 98% of 0.04

micron size particles and 100% of size 0.6 micron (or larger) particles..
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b. A pre;%ilten shall be provided to minimize debris accumulation on the
surface of the bacteria filter.

¢. The pressure drop througﬁ the pre—fi]&er; bacteria fi1tér assembly shall
be less than 1.0 inch of water.

d. The combination debris/bacteria filter assembly shall be sized for 210

man-days of’operat%on.

3.1.71.2.3.8 Blower
The blower assembly provides transport air during a use cycle. Specific design
requirements are as follows:
a. A nominal transport air flow of 30 cfm (STP), including a 20 cfm recir-
culate flow, shall be provided.
b.. Acoustic insulation/tuning shall be provided as. necessary to meet the-

noise Tevel requirement of Section 3.1.1.1.4.9.

3.1.1.2.3.9 Odor/Bacteria Filter

The function of the odor/bacteria filter is to retain bacteria and adsorb noxious/
toxic odors from the transport air prior to return to ambient. A secondary function
is to act as a noise muffler for the blower. Specific design requirements are as
"~ follows:
a. The odor adsorbing media shall be activated charcoal or equal.
b The filter shall be sized for 210 man-days of operation.
c. A check valve shall be incorporated to minimize exposure to ambient
during non-operaping periods:

d. The odor adsorbing media shall be upstream of the bacteria filter element.
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e: The bacteria filter medium shall be capable of removing 98% of 0.04 micron

size particles and 100% of 0.6 micron (or larger) particles.

3.1.1.2.3.10 Programmer Assembly

The programmer assembly shall provide the nec¢essary functions for semi-automatic
operation as well as the circuitry necessary for integratio.nof the fiass. sensor
signal and for proper‘presentation of data to the external recorder (printer).
Specific design requirements shall be as follows:
a. The programmer assembly shall provide semi-automatic operation after
setting of control panel switches. and actuating the slide valve assembly.
b. .The'programmer shall integrgte and scale the output of the mass detector
(Section 3.1.1.1.2.3.4).
c. A micﬁoprocess shall be incorporated into the programmer‘to provide con-

trol and computational functions.

3.7.1.2.3.17 Power Conditioning

The function of the‘power'conditionﬁng capabilﬁﬁyfis.toeprovide specific DC voltages

from a nominal 28 VDC input for operating the electronics or other sub-system elements.

3.7.1.2.3.12 Container ID Sensors

The container ID sensors. aré used to read the sample container number. The container

number shall be a three digit. decimal .number.

3.1.7.2.3.13 Control Panel

The control panel Tayout shall conform to Figure 3.1.1.2-4.

3.1.1.2.3.13.1 Status Indicator

The operational status of the slinger (rotational velocity), and user ID selection

shall be sensed and combined to produce a ready/not ready to use indication. A
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ready/not ready for tissue use indication also shall be provided.

3.1.1.2.3.14 TLM Interface

The TLM interface shall condition the output data for simulated distribution to the

SHUTTLE telemetry system (to the -external printer for the FMS engineering mode])f

" 3.1.1.2.3.15 Structure Assembly

A structure assembly shall be provided for mounting and supporting the FMS engineer-
fng model components. Specific design requirements shall be as follows:
a. The structure assembly with other system equipments installed, shall
conform to the overall envelope dimensions of 3.1.1.2.1.
b. Specific equipments shall be located to minimize potential EMI prob]ems‘
and length of plumbing runs consistent with normal maintenance require-

ments.

¢. The structure assembly shall be designed to withstand normal laboratory

use,

. 3.1.1.2.3:}6 Restraints. .
The FMS Engineering Model shall provide mechanical restraints to assist the user in
maintaining a desired physical relationship with the system. Specific requirements
are as follows:
a. Lap restraints shall be fixed to the commode through a spring loaded
housing with a nominal travel of 1.0 inch and a maximum pull force of
10 1bs.. at each of two- attachment points.
b. Hand holds shall be provided as an alternate to a lap restraint.
c. A foot restraint shall be designed to accommodate users (wearing shoes

or barefoot) with a front guard height not exceeding 2.25 inches.

-73-


http:3.1.1.2.3.16
http:3.1.1.2.3.15
http:3.1.1.2.3.14

_3.1.1.2,4 System Operation

The FMS engineering model shall conform to the following operational sequence (Ref-

erence Figures 3.1.1.2-1, 3.1.1.2-2, and 3.1.1.2 4.

1.0
1.1

1.2

2.0
2.1

2.2

2.3
2.4

Power On

Power On/0ff circuit breaker switch placed in ON position at start
of mission.

Power from SHUTTLE applied to system.

Collection/Mass Measurement/Sampling

User manually. opens slide valve. This action appiies power to system

alements (blower, slinger motor, sensors,. control electronics) via the

slide valve interlock swiﬁch. 'S1ide valve action also isolates the stor-

age container from space vacuum and connects the- storage container to the

ambjent atmosphere.

COLL RDY Tight activated to flashing condition until satisfactory oper-

ating status check completed by programmer (2.4 below).

User positions USER ID SEL switcﬁ via reset position: —

Operating status check

2.4.1 Stlinger rpm sénsor check indicates rpm achieved and maintained
for a minimum 5 second period and therefore slinger ready for
mass monitoring. If slinger rpm outside tolerance band, COLL RDY
Tight remaing in flashing condition.

2.4.2 To minimize user ID error, the USER ID SEL switch must be returnsd

to the. RSET position before setting to user ID position. If this
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sequence is not followed, the COLL RDY Tight remains in the flash-
ing condition.

‘2.4.3 1If conditions causing the COLL RDY light flashing condition cannot
be corrected, instigate contingency operating procedures.

2.5 Baseline mass measurement calculation completed a nominal 5 seconds after

' slinger rpm sensor indicated rpm within tolerance band.

2.6 User manually installs sampie container and extends sampling element
(optional user action). MNote: Interlock provided to prevent installation
if storage container at vacuum condition.

2.7 User seated.

2.8 User defecates.

2.9 Fecal mass measured and data stored.

2.10 User actuates SEAT ACT switch. Switch actuation automatically causes two
complete cycles of the inertial collection mechanism.

2.171 User returns sampling element to sample container.

2.12 A nominal 5 seconds after SEAT ACT switch actuation, user ID, sample con-
tainer ID {if installed) an& accumulated mass measurement data automatically
sent to external recorder (printer) via the simulated telemetry interface.

2.13 A nominal 1 second after data recorded, tissue "bypass” mechanism action
initiated and TISSUE RDY 1light activated to flashing condition. Note:

If extended sampling element can interfere with the bypass mechanism
action, inhibit bypass mechanism until sampling element returned to
sample container.

2.14 When system ready to accept tissue, TISSUE RDY Tight on solid. Note:
TISSUE RDY 1ight remains in flashing condition if sampling element not

returned to sampling container.
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2.15 User wipes, depositing tissue in system via seat access.

2.16 User removes sample container (if installed)

2.17 User manually closes slide valve. This action removes power from the
system elements via the slide valve interlock switch. Slide valve action
also isolates the storage container from ambient and connects the storage
container to space vacuum. Also, interlock provided to prevent removal

of a sample container from storage container at vacuum condition.

3.1.2 Operability

3.1.2.1 Reliability

FMS engineering model reliability shall be achieved by reliance on maintenance pro-

.cedures rather than redundancy.

3.71.2.2 Maintainability

The FMS engineering model shall be designed to provide .component accessibility, re-

placeability, and serviceability consistent with the intended use.

3.1.2.3 Useful Life
The FMS engineering model shall be designed for a minimum useful laboratory Tife,

with maintenance, of 12 months.

3.1.2.4 OQperating Environment

The FMS engineering model shall be designed to operate under conditions normally

encountered in engineering or physiological test laboratories.

3.1.2.5 HumanEngineering

Human engineering factors shall be considere& in the design and layout of the FMS

engineering model.
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3.1.2.6 Safety

3.1.2.6.17 User Safety

The FMS engineering model shall be désigned'io*prevent”hazardous,cénditions ana in- -
advertent operation. Specitically, '
a. Sharp edges, corners or equal shall be e]iminated..
b AN e]ectrical‘junction points- shall be insulated or otherwise: covered: to
prevent. accidental contact. ‘
¢. A1l components shall be grounded to the structure with provisions on the

structure for connecting to an- external ground. provided.

3.1.2.6.2 Eguipment Safety

The FMS engineering model shall incorporate fail-sate features. Specifically.,.

fauﬁt isolation protection shall be provided. as required.

3.2 Interfaée'Requjrgments

3.2.1 Urine Monitoring Systém

The: FMS engineering model shalT be capable of operating with or independent of the

Urine Monitoring System..

3.2.2 Efectrical

The FMS engineering shall operate on nominal 28 fﬂ-VDc power from an external source.

3.2.3 'Mechanical

The FMS engineering model shall be self-supporting (structurally). -

3.2.4 Fluid

The FMS engineering model shall use ambient air for transport and odor control.

-77-


http:provided.as

3.2.5 Recorder Printer

The FMS engineering model shall include a remotely located {to the FMS) recorder
printer. The function of the recorder printer is to provide a permanent record
of feces mass correlated with the user ID and sample container number. Specific

requirements are as follows:

2. The printer shall have at least 4 columns.

b. The print time shall be less than 500 MS.

c. The printer shall operate on 115 VAC, 60 Hz power.

d. Tape printout format and code shall conform to Figure 3.1.2-1 and

3.1.2-2.

3.2.6 User
The FMS engineering model shall be designed for use by male and female subjects

covering the 5th to 95th percentile range.
4.0 TEST REQUIREMENTS

4.1 Quality Assurance

A minimal quality assurance program shall.be performed consistent with the design
status of the FMS engineering model. The intent of this effort shall be to provide
valid background information for subsequent program phases. Specific requirements

are as follows:
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Line 3
Line 2
Line 1

Line 3
Line 2
Line 1

Line 1

Line 2

Line 3

XXXX

XXX

XXXX
XXXX

XXX

0149
0012
0005
XXXX
XXXX
XXXX
0210
0000
0007
XXXX
XXXX
XXXX

Figure 3.1

XXX
XXXX

XXXX

User No. 5, sample
Container No. 12, 149
grams feces

User No. 7, no sample
container, 210 grams
feces

.2-1 Typical Print-0ut

User- ID {1 thru 7)

Sample container ID (1 to 999);
0000 if no sampie container
installed.

Feces mass, grams
{1 to 999)

Figure 3.1.2-2 Tape. Print-Out Code
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Perform a.preliminary FMEA, with safety emphasized.

Maintain configuration control records, i.e., provide a good record of
what. was. fabricated and tested.

Perform laboratory tests to compare actual performance with specification
reqdirements.

Fabricate in accordance with good commercial practice.

4.2 Verification

The performance of the FMS engineering model shall be determined with specific tests

(laboratory and zero g environment as appropriate) as follows:

a.
b.
c.

d.

Verify subsystem operating conditions/cycles.
Verify accuracy of mass -measurement.
Determine mass of retained sample (in sample contadiner).

Determine transport air flow rate.

5.0 DATA_LIST

Documentation pertaining to the FMS .engineering model shall bg provided as follows:

a.
b.

C.

Performance Specification

Top. Assembly Drawing

Manufacturing Drawings for Fabricated Components
Yendor Data Sheets for Purchased Components
Wiring Diagrams

Verification Test Report (may be combined with [g]

Final Program Report
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SECTION 1
SYSTEM DESCRIPTION

1.1 GENERAL. -

The Feces Monitoring System (FMS) provides for the collection, mass-
measurement and sampling of feces in both a one "g" and zero "g" environment.
The system is similar to the Shuttle Orbiter Waste Collector Subsystem (WCS)
both physically; the FMS envelope outer appearance and mounting provisions
are based upon the WCS desigm, and operationally; the FMS operation is based
upon the WCS operating handle concept. The similarity between the systems
(FMS and WCS) should minimizé training of prospective users.

The collection function of the FMS employs a WCS type seat and slide
valve assembly in conjunction with a serve controlled slinger. As fecal
matter deposited into the commode contacts the rotating slinger, it is
shredded and thrown outward against the walls of the commode. The action
of the sTinger causes a change in the power through the servo motor control
circuit which is proportional to the-mass of the fecal material. Provisions
for sampling and vacuum drying the- fecal material have also been incorporated
into the FMS design. ) :

The FMS. does.not provide for the collection of urine since it 1is
intended for use in conjunction with a separate Urine Collection System such
as the UMS developed under Contract NAS 15230.

1.2 ~ SYSTEM FUNCTION

1.2.1 Collection and Storage

The FMS is designed for the collection and storage of feces
in either-a .one "g" ora zero "g" environment. Patterned after the
WCS, the FMS provides a WCS type collection container or "commode"
suitable for the storage of a quantity of feces equivalent to that
expected on a 30 day mission by a crew of six.

1.2.2 Mass Measurement

Mass ‘measurement in the FMS is accomplished through the use of
a specially designed servo motor driven slinger assembly. 1In operation,
when feces- admitted to the commode contacts the slinger, it is shredded
and thrown outward toward the side of the commode. The mass measurement.
function is realized by monitoring the siinger motor current during the
shredding action. When the fecal-material contacts the slinger and/or
slinger tines, the slinger servo motor, which normally operates at a
constant speed of approximately 2,500 RPM is slowed slightly. The
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1.3

servo motor control circuit senses this change in velocity and
compensates for it by increasing the current to the motor to effect

its return to the normal 2,500 RPM speed. This change in motor current
and speed are proportional to the mass of the fecal material admitted
to the commode. The electrical analog signal passes to an A-D
converter and then to a microcomputer containing an algorithm which
converts the electrical signal to a digital signal equivalent to the
mass of the inputted material. This mass signal is then transmitted

to a printer which prints out the mass reading along with other data
to be described Tater.

1.2.3 Sampling

Provisions have been made in the FMS to permit collection of
fecal samples. The sampling system consists of a set of individually
identified sampling canisters, each containing a sampling strip. When
a canister is installed in the FMS, the sampling strip can be deployed
to encircle the sTinger wheel. As a result, when fecal material is
thrown outward by the action of the slinger, the material jmpinges
on the collection strip instead of the commode. The collection strip
surface is designed to retain the material. Upon completion of the
defecation, the sampling strip can be withdrawn from around the slinger
and the canister, which now contains the feces sample, can be removed
from the commode and stored.

1.2.4 Inertia1 Seat Mechanism

As an adjunct to the .collection process, an inertial seat mech-
anism has been incorperated into the FMS. The inertial seat is designed
to overcome the aggravating situation of the stool failing to separate
from the user during the act of defecation.

In operation, which is initiated by the user, the FMS seat and
user are slowly raised approximately 2.5 inches above the normal position.
When this position is reached, the seat is released and rapidly returns
to its original position. The resulting impact resulting from the -user
and seat suddenly stopping the downward trave] is intended to cause the
separation of the stool.

SYSTEM DESIGN

1.3.1 Envel ope

The design of the FMS is intended to be compatible with all
aspects of the WCS/Shuttle Orbiter interface. Special attention has
aeen paid to maintain the FMS envelope within that prescribed for the

Cs.
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The FMS is modular in design and consists basically of a:
1. Structure/Operating Handle Assembly.

2. ETlectronics/Electrical Control Assembly.

3.. Power Supply Module.

4. Microcomputer Assembly.

5. Inertial Seat Drive/Sampling Module.

6. Siinger/Motor/Filter Module.

7. Commode Assembly.

8. Printer.

1.3.2  Structure/Operating Handle Assembly

The FMS structure is a tubular assembly having three Tegs
for mounting to a simulated Orbiter interface. The legs are mounted
to. a ring containing five pads used for mounting the FMS Commode.
In addition, the structure incorporates the FMS operating handle
assembly. The operating handle consists of a series of cams and levers
with suitable linkages to the FMS valves. It is designed to operate
the valves in the segquence required for proper FMS operation. The
assembly also contains a series of 1imit switches to provide electrical
signals to the microcomputer indicating system start up, and. to reset
the- computer mass measurement circuit. Switches are also provided to
activate the relays to start. the slinger and the blower and to stop
the FMS operation.

1.3.3 Electronic/Electrical Control Assembly

This assembly consists of a control box, an electronics box
and. a relay rack. .

The control box contains the main power: switch for the FMS
as well as an indicator Tight to show system power status. The box
also houses the slinger stop switch as well as the switch to initiate
operation of the inertial seat mechanism. In addition, the USER I.D.
switch is housad in this assembly. The box, located at the front of
the FMS, just below the operating handle, is covered by an engraved
control panel.
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The Electronics Box is.located just below the Control .Box.
It houses two electronic-boards. Ore board contains the servo motor
control electronics circuit, while the other contains the circuitry
required for the samplie can I.D. signal as well as the signal conditioning
for the sample mass signal to the microcomputer.

1.3.4 Power Supply Module

Operation of the FMS requires several different voltages.
These are provided by the power supply module. Positioned behind
the- inertial seat mechanism, the module contains six (6) power supplies
as follows: ’

Supplier
1. +34.6VDC . Abbott Labs
2. -34.6VDC : Abbott Labs
3. +5VDC : Abbott Labs
4, +12VDC. ) Abbott Labs
5. -12vDC ' Abbott Labs
6. +15VDC Burr Brown

The supplies are mounted on a.3/8 inch thick aluminum plate
which serves as part of a heat sink to prevent thermal damage to the
power- supplies. The module interface with the FMS electrical circuit
is via a connector located at the rear of the FMS.

1.3.5 Microcomputer Assembly

Mass measurement and siagnal output of the FMS is made possible
by, and controlied by, the microcomputer module. The microcomputer
(seg Figure 1-1), containing an 8080 central processing unit and
peripherals as required to satisfy the FMS requirements, provides
6 kilobytes of read only memory (ROM) and 2 kilobytes of random access
memory. The FMS algorithm is contained on an- EPROM to permit convenient
updating of the FMS servo motor power integration and data conversion
methodg. Measuring 9 inches by 12 inches, the niicrocomputer circuit
board is mounted in a box positioned beneath the FMS commode. The box
is designed to protect the microcomputer cincuit board from physical
damage while maintaining reasonably convenient access to the assembly

for removal during any extensive FMS refurbishment or for reprogramming
of the system.
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1.3.6 Inertial Seat Drive/Sampling Module

The function of this module is twofold. The inertial seat
function consists of a motorized mechanism designed to impart a
rapid downward motion to the FMS user followed by a sudden stop.
The resulting shock is intended to effect stool separation from the
user. The mechanism consists of a small high torque, Tow output
speed gear motor which drives a large ring gear via a worm drive
gear. The ring gear is attached to a cam which causes the seat to
move upward on bearing followers when the motor is driven. The
cam is designed to 1ift the seat approximately 2-1/2 inches. The force
required from the gear motor is that necessary to compress a large
seat return spring and to raise the user (up to 175 pounds for the
engineering design). At the completion of the upward travel, the
seat snaps downward sharply carrying the user with it, and stops
abruptly. This action is designed to effect stool removal from the
user in a zero "g" environment.

The sample valve assembly is located forward of the inertial
seat mechanism. The sample valve is patterned after the seat slide
valve assembly. It consists of a flat plate which, when covering
the opening, provides a seal against an "0" ring and when open,
provides a Targe port permitting installation of the comparatively
large sample canister.

A latch is provided to prevent opening the slide valve before
a sample canister has been installed. A second latch is provided to
prevent removal of the sample canister from the valve body before the
valve is fully closed.

Sample canister I.D. readout is provided by a series of opto-
electric devices mounted in a modular assembly on the sample valve. The
light sensors detect the pattern of a series of reflective strips on
each canister. The strips are arranged to create a binary coded signal
equivalent to the canister number. The canister I.D. number is fed
into the microcomputer and printed out as the Sample I1.D. on the system
printer.

1.3.7 Slinger, Motor/Filter Module

The Slinger Motor/Filter Module is located on the inside of the
commode and consists of a servo type DC motor, a folding tine slinger,
a debris bacteria filter and suitable support hardware.

The module is installed in the commode via the bottom commode
flange and is accessible through the top of the commode by removing the
inertial seat drive/sampling module.

Design of the slinger is patterned after the WCS design, however,

it is reduced in size, measuring approximately five (5) inches in diameter,
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1.3.11 Printer

The printer associated with the FMS is a Texas Instruments
Silent 70, Model 745, Portable Data Terminal.
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SECTION 11
"SYSTEM OPERATION

2.1 PREPARATION -FOR START UP

. When the FMS has been placed in position for operation, the
following connections. must be made:

1. Connect the 28 VDC power cable supp?1ed with the FMS to
a suitable DC power supply, and plug the connector into the
power connector at the lower left front of the FMS.

2. Connect.a vacuum punip to the EMS vacuum fitting located at
the lower left front of the FMS. (A tube is required for this
connection.)

3. Connect. the FMS Printer cable to the connector at the rear
of the-Silent 700 terminal.

4. Connect the Silent 700 terminal and the newly connected 28 VDC
. power supply to a 110- VAC power source..

5. Assure that the FMS power-switch is "OFF" and then turn the
28 VDC power supply "ON."

6. Place the printer ON/OFF switch.in the "ON" position.
7. The system is now ready to operate.

2.2 NORMAL OPERATION (REFERENCE FIGURE 2-1)

The operating procedure for the FMS is as follows:

1. Place the main power switch in the "ON" position. This applies power
to the power supply module, the microcomputer and the "power ON" Tight
on the control panel.

2. Place the USER I.D. knob, Tocated on the control panel in the
position which identifies the intended user.

3. Raise the FMS operating hand]e located on the left of the unit
to the full upward position. This action causes valve V-1 to
shut off the vacuum T1ine and to permit air to flow into the |
commode. In addition, the slinger and blower motors start and a
signal indicating system "start up" is transmitted to the micro-
computer.
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4, After a period of approximately 10 seconds, during which time
the commode is repressurizing and the slinger is reaching
operating speed, the user should move the operating handle fully
toward the front of the FMS. This will open the slide valve
and reset the microcomputer for the subsequent use.

5. If a feces sample is to be collected, refer to Section 2.3,
"Sampling."

6. User should next position himself/herself on the FMS seaf, position
the urinal as required, and proceed with the defecation as required.
(NOTE: The urinal is not part of the FMS equipment.)

7. If it is desired to use the inertial seat, the user should.
depress the inertial seat drive switch button for approximately
2 seconds after which the button can be released and the motion
of the seat will continue as follows; the seat will rise slowly
for a distance of approximately 2-1/2 inches, at the end of this
upward motion, the seat will move sharply downward for a like
distance and stop suddenly. The inertial seat action can be repeated
as necessary.

8. Upon completion of defecation, the user should depress the
"sTinger stop" switch. This will cause the mass data to be stored

in the computer and will stop the sTinger to faciTitate waste
tissue disposal.

9. If a sample canister was used, refer to instructions for removal
in Sectiom 2.3. If sample canister was not used, proceed to
step 10.

10. Use wipes as required and deposit them in the seat valve opening.

11. Return the operating handle to the rearward position.

12. Return the operating handle to the downward position to complete
FMS shutdown. The printer will now indicate the USER NO., SAMPLE
CAN NO. (IF USED) AND MASS MEASUREMENT.

2.3 SAMPLING

2.3.1 Sampling Canister Installation

To collect a fecal sample from the FMS:

1. Perform steps 1 through 5 of the normal operating procedure.

2. Install the sample canister handle in the sampling canister
assembly by aligning the "T" slot in the handie with the

"T" section on the canister and sliding the two sections
together.
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2.3.2

9.

Align the index mark on the canister with the index
mark on the sample slide valve assembly.

Push the canister down until it stops (approximately

1/2 inch).

Open the sample slide valve by pulling the handle on the .
valve slide assembly toward the left. The canister is now
locked in the sample valve.

Push the canister downward again until canister stops
(approximately 1/4 inch)}.

Push the knob on the canister straight downward
approximately 3 inches. This will cause the sample
strip spool to move downward into the commode and engage
the sampie sprocket.

Turn the handle counter-clockwise for approximately 2-1/2
turns until it stops. (The sampling strip is now in
place around the slinger.) :

Proceed with step 6 of Section 2.2.

Sampling Canister Removal

To remove a fecal sample canister from the. FMS:

T.
2.

‘Turn the canister knob clockwise 3 turns.

Pull the canister knob upward. The sampie: strip assembly
should move upward in the canister. Continue upward motion
until canister stops (approximately 3 inches).

Close the slide valve fully by moving the siide valve
handle fully to the right. This will unlock the canister.

Remove .the sample canister and store it in an apﬁropriate
receptacle. Removal of the canister will cause the sample
slide-valve to be locked in the -closed position.

Proceed with step 10 of Section 2.2.
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SECTION III
~ MAINTENANCE

3.1 GENERAL

System maintenance has been considered in the design of the FMS as
evidenced by the modular design concept. Accessibility of the principal
components, especially the commode components, has been made convenient.

The following discussion will indicate the procadure for removal and/or
disassembly of the major components and/or modules of the FMS.

3.2 SEAT ASSEMBLY REMOVAL AND REPLACEMENT

The FMS seat has been designed to permit ready removal and re-
installation. To remove the seat:

1. Remove three (3) screws connecting the seat to the spring shield.
The screws are located -beTow the front of the seat.

2. Grasp the front of the seat and pull upward and toward the:
front of the FMS to remove the seat.

To replace the seat:

1. Engage the seat flange under the clip at the top of the rear
spring shield.

2. Push the seat front downward to-engage the seat flange behind
the front spring shield.

3. Replace. the three (3) mounting screws.

3.3 INERTIAL SEAT/SAMPLING MODULE REMOVAL

1. Proceed as in steps 1, 2 and 3 of the Inertial Seat/Sampling Module
section 3.4 of this manual. )

2. Remove five (5) mounting screws {three (3) in the front and two (2)
in the rear) from the module base plate.

3. Loosen the cable ties for the sample .I.D. cable. DO NOT remove
the strain relief holding the cable to the sample valve assembly.

4. Disconnect the Inertial Seat drive motor power cable connector.



Lift the module from the FMS. (NOTE: Some slack has been
provided in the Sample I.D. cable. If the slack is not sufficient,
remove the cable from thé electronic box assembly. Do not move

-the sampTle I.D. reading module as this module requires careful

alignment for proper operation.

3.4 - INERTIAL SEAT/SAMPLING MODULE DISASSEMBLY

The inertial seat mechanism can be disassembled while in place on
the FMS or after removal per Section 3.3. Disassembly is accomplished by
two persons as follows: }

1.
2.

ORIGINAL PAGE IS
OF POOR QUALITY

Remove the FMS seat per section 3.2 of this manual.

Remove the seat cowl section of the FMS cover by removing nine (9}
screws from the cowl and lifting it out of the cover.

Remove the slide valve assembly from the Inertial Seat Mechanism
by removing four {4) screws from the slide valve assembly. The
screws are Tocated around the transport air diffuser ring. When
the screws have been removed, raise the sTide valve carefully and
swing it to the rear of the FMS to permit removal of the Inertial
Seat components. Do not bend the valve operating rod tube.

Remove three (3) screws from each half of the upper spring seat.
Using a pair of wedge shaped spring compression tools per

Figure 3-1, below, place the tools on the portion of the spring
adjacent to the front and rear spring shields.

"—#_—________————"“"—‘-— - :5;
g

—. 25 ;
1 A
\ e
NN } f]é
e PO S~ ,5lz//
e é—.l 0 R
/"?/f."’i‘ 2’79.’3!}
A, 3 =/ SHECTIAL Sgar Ser %

Core PEFES 0 Tog _
-96-



6. Push down firmly on the spring. compressicn tools to compress the
spring a distance of approximately 2 inches. (NOTE: It is
important that the pressure on the tools be even and balanced,
and- that the tools not be permitted to sTip off of the spring.)

7. When the spring has been depressed, the second person should rotate
the spr1ng seat halves counter-clockwise to align the flange with
the opening in the spring shields. (It may be necessary to reposition
the spring compression tools to accomplish this.)

8. When the spring seats -have -been aligned with the spring shield
opening, they can be removed by tilting the seats inward and
Tifting: them out from behind the spring. NOTE: Maintain pressure

. on the spring at this point to prevent possible injury.

9. When-the spring seats have been removed, the second person shouid.
assist the first by placing his palms (fingers outward on the
spring) and guiding the spring upward until it is fully extended.
(Approximately 12 inches.)

10. Remove  the spring.

11. Lift the spring shield assembly straight up and. remove it.

T12. Remove the: four ring.gear retainers.

T3. Remove the ring gear/cam assembly.

14. Remove the Drive Motor by loosening the.set screw on the worm
end of the motor shaft coupling and removing two screws from the
motor mount base.

This completes disassembly of the Inertial Drive Mechanism.

3.5 POWER SUPPLY MODULE

RemovaT and D1sassemb]y

Removal and disassembly of the Power Supply Medule is accomp11shed as‘
follows:

1. Remove the FMS cover: per Section 3.8.

2. Disconnect the Power Supply moduie connector located at the rear
of the FMS.

3.. Remove three (3) mounting screws (two at the rear of the module,

and one. at the. front adjacent to the largest power supply). This
will free the module for removal:
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3.6 MICROCOMPUTER REMOVAL

- Removal ‘of the ficrocomputer box from the FMS is accomplished as
follaws:

1. Loosen or untie all cables leading to the microcomputer.

2. Unfasten the two Tatches (one on each side) holding the. box
to the FMS frame.

3. Lift the box out of the FMS. NOTE: Care muét be exercised
to prevent pulling or otherwise straining the microcomputer
cables.

3.7 SLINGER REMOVAL

Access to the slinger can be made through the top of the FMS commode
by removing the Inertial Seat/Sampling Module or through the bottom by
removing the STinger/Motor/Filter Module. This is discussed as part of the’
Slinger/Motor/Filter Module disassembly.

S1inger Removal (Top Access)

To remove the slinger from the top of the commode, proceed as %b]]ows:

1. Remove the Inertial Seat/Sampling Module per section 3.3 of this
manual.

2. Remove the:-screw from the center of the slinger wheel:
3. Grasp the slinger firmly and 1ift it off of the motor shaft.
3.8 COVER REMOVAL '

Removal of the FMS cover is accomplished as follows:

T. Remove-the knob from the.operating handle by lcosening the set
screw- in the knob.

2. Remove the foot support assembly pane1'from the front of the FMS
by removing the mounting screws from the top and, bottom of the
assembly.

3. Remove the FMS cover by removing mounting screws from the periphery

(rear, sides and front) of the cover, and 1ifting the cover from
the FMS.
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3.9  SLINGER MOTOR/FILTER MODULE REMOVAL

Removal of the Slinger Motor/Filter Module is accomplished as follows:
1. Cover the microcomputer-box and relays with plastic film.
2. Disconnect the motor .electrical cennector.

3. Disconnect: valve V1 from the bottom flange fitting of the -
commode assembly by removing four (4) socket head capscrews.

4. Remove screws from the module mounting flange. NOTE:  Care
should be taken prior to-loosening the final screws to hold the

module securely in place to prevent the module from falling from
the commode. -

5.. When the final screw has been removed, Tower the module. from
the commode using care to prevent damage to the filter. NOTE:
It may be desirable to withdraw the wmodule directly into a plastic
bag if a possibility of contamination exists.

3.10 COMMODE REMOVAL

Removal of the commode is required for cleaning- after extended use.
The procedure is as follows:

1. Remove the Seat and Cover, per-sections 3.2 and 3.8.
Remove' the- power supply module per section 3.5.

Disconnect the Sample Can I.D. cable Trom the electronics box.

Sow M

Remove four (4) mounting screws from the slide valve assembly and
remove the slide valve from the transport tube fiange. WNOTE:

For odor control and sanitation reasons, it may be desirable.to
place a plastic bag or.similar seal over the transport tube opening.
5. 'Disconnect. the siinger motor power connector.

" 6. Disconnect the vacuum line and the Tine to the: blower Ffrom the
FMS valve V1.

7. Remove mounting bolts from the five (5) commode mounting pads.
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10.
11.

Lift the commode from the support structure and-pTace in a
suitable facility for cleaning.

Remove the Inertial Seat/Sampling Valve Module from the coﬁmode
as described in Section 3.3.

Upon completion of step 8, turn the.commodé over.

Remove the Slinger/Motor Module as described in Se¢tion 3.9.
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APPENDIX D

DATA ANALYSIS METHODS AND DATA FOR FMS PERFORMANCE TESTING
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DATA ANALYSIS METHODS

Reduction and analysis of the FMS test data was. accomplished using
the Statistical Analysis System IT {STATII***) of the General Electric
Mark III Cumpgte}.

Data files were astablished for each test. These files contained the
mass of the sampies inputted to the FMS and the 'FMS output for' the sample
mass.

STATII*** was then invoked and the data from the test files was read
intc the system and sorted to order the data from the smallest to the Targest
sample size. Following this, a Statistical Analysis. Routine (CURV) was
employed to- determine values for the best fit linear regression formula of
the formY = A+ B * X'whére X = FMS output- for mass and Y is the CURV determined.-
estimated‘mass_(MASSEST). The MASSEST value is provided by inputting the
FMS output for mass into the regression formuia and performing the calculation
for Y values.

This value (MASSEST) was' then used in a series of calculations to
determine the difference- (DIFF) between the mass'inputted and the calculated
mass. DIFF = MASS - MASSEST.

The error between the MASSEST value and the actual mass (ERROR) was
determined for each piece of data by: ERROR = 100 * DIFF/MASS.

The mean and standard deviation data for ERROR were obtained by using
the "MANDSD® routine from STATII***, Plots were then made for ERROR versus

the sample mass to illustrate the effect of the mass on the error score.
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DATA AND ADDITIONAL ANALYSIS SUMMARY DATA
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APPENDIX D
TABLE 1
REGRESSION ANALYSIS SUMMARY TABLE FOR PHASE I TESTING

MERN- WAR TANZE TD DEW

DEP WARIABLE: MUMAIT 144,21 23432 ,3 23, TR

IMND YARIRBLE: MULATA ° 59251, D35 IBDE+10 51352,

MIUMBER' LUPYE ' INDEX A ;

1 F=R+DeX —>0, 93275 11,037 0.13%245E-02

2 Y=RPENP (Bed 0. 22725 35,733 0.120BEE-04

Ed =R NAR (1, DTS 0. FIINEE-N2 0, 22E52

3 Y=R+ (B lin . 30322% E05.13  ~0,.21741E+07

< =1 CR+Be4 . 43305 0,21002E-01 -0, 13324E- 13

= F=i (ReREED 0. B0 1. 2583TE~-02 227,45
FOR WHICH CURYE ARE DETARILT DESIRED ‘NUMBER OR DOME) —-71 ‘&

ENFECTED INTERPYAL. HOM-3 IMJLTANEDIE

COEFFICIENTS:: WRLLIE WMIDTH- w5, 30% COMFIDENMCE LIMITS

CURYME 1 Az L. nav 5. S5 S.2330 132,221

R+Rei - BT 0.19296E-02  [L53244E-04 0L 13322E<02 0. 1SS70E-02
12572.5% = F-ITATISTIC FOR A LINEAF- FIT. A 100.00% WALLE
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TABLE 2

DATA FOR REGRESSION ANALYSIS .FOR. PHASE I TESTING

[NUMASE 1 [NLIMARSEST] [DIFF 1 [EPROR B
2.3000000E+(1 2.7 3Ea93TE+01 -2, 355TITOE+D0 ~2. JAFV40LE+NO
2.5000000E+01  2.3633842E+01 -5, 3BAE224E~A1 -2, 5T458434E+00
2.5000000E+01 2.2943100E+01 2. 0S519001E+00 2, Z0VA005E+00
2.90Q0000E+01  2,7070950E+01 —2. 07Q0T457E+00 ~2. 2921 929E+00
S T000000E+01  2.TF2E041E+0] 3. 793040%E+00 ~1.1192153E+01
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APPENDIX D
TABLE 3

REGRESSION ANALYSIS SUMMARY TABLE FOR PHASE II TESTING

MEFN VAP TANCE ITD_DEY

DEF wAPIRELE: MASSS 160,33 13754, 11v. 22

IND wAPIABLE: DATAS FREIT.  0.34521E+1D S57SS.
HUMEER TURYE INDEX i -

g Y=RBe —> 0. FIETS. 2.9511 0. 1993ISE-02

z P=RSERP (Be¥) b, 25520 : j2.813  0.18311E-0g

3 P=Re 1 5B 0. 37072 D.S1013E~ 0.51787

3 =R B 0. 35553 235,40 ~0.2431EE LT

s =1 (BN 0.51554 0.22307E-01 -0, 13207E-D05

2 Y=te (ReN+ED 0. 37053 0, S3HEIE-02 TT3IS.ES

FUR WHICH CUPYE, APE DETAILZ DESIRED MUMBER OP DONE) --71

EXFECTED INTERVAL HON=S IMUL TANEOUS

COEFF ICIENTS: YALUE WIDTH 25, 00% SONFIDENCE LIMITS
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A+EeY B:  0.19335E-02  0.973SDE-04 0, L9I48E-0H2—0.20322E-02

5552.10 = F-STATLITIC FOR A LINEAP FIT. A 100.00% YALUE
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APPENDIX D
TABLE 5

REGRESSION ANALYSIS. TABLE FOR PHASE ITII TESTING
FOR 25 THROUGH 400 GRAM SAMPLES

MAETD
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GEP “ARPIRERLE:
IMD YARIREBLE:

NIIMBER CHRYE

1 T=E+Ee —— 1,20
2 T=HeEP rRBekd Oe23ez0
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+ T=H+ B X Qo400
) T=1 "rRA+EeN IR S
= =T CHeEARY 0,25001

‘FOF WHICH CURVE ARE DETAILT

EMPELTED

- COEFFICIEMTE & WRLUE

CHRPYE T A 12,220
H+Ewx, Br N.22153E-02

ITIC

MEAN
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IMDEX
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APPENDIX D
TABLE 6

REGRESSION AMALYSIS TABLE FOR PHASE TII TESTING
FOR 75 THROUGH 400 GRAM SAMPLES

MERM WRPIRANCE ZTD DEV
DEP “RARIARLE: MATI1 i¥3.32 113510, 103,21
INTL YAPIARLE: DATAL 1237, I, IVPETE+OD 13223,
MUMBER CLURYE . ) IMTES A B
1 Y=A+ReX —> 3, 33503 15,529 0. 2123SE-02
2 T=HSENP (Rei: . 1, 33329 2R, 550 0.23331E-04
3 =R e LB 0. 3839 . 19259E-01 . 22322
3 Y=R+ (B n.72122 IT2.09 -0, 2T3R0E+NT
jad =1 (R+BeN G 7vrrs O0.11925E-01 ~0.23122E-D=
) Y= s CReEERD 0. 3TESS 0.51721E-03 A, P22
FOF WHICH CURYE APE DETAILT DESIRPED {NUMBER OR DOMEY --11
EHFPECTED INTERVAL MOM—S IMUL TANEOLS
COEFFICIEMT=:: YARLUE MIDTH 35, 00% COMFIDENCE LIMITS
CURYE 1 A2 15..53% 12,425 S, VIV c1.302
H+Be Br 0.21IRTE-02 1. $35523E=03 0. TRMETE-08— 0. 33334E-02

$4473.51 = F=ITRTIZTIC FOR A LINEAR FIT. & 100.00% YALUE
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APPENDIX

D

TABLE 7

DATA FOR REGRESSION ANALYSIS FOR PHASE III TESTING

[MRSS 1
3ODHBUF+D1
AOGD0E+NL
UD“B“E+"1
Q0NNE+G1
QGOAE+D1
ANOONE+DL

J=Faln
lﬁD

1w 'L-wa:l-

OR000E+D1
J000NAE+Q1,
2.4200000E+01

iMool Mo fulfu v
mw#mmhmw&

< SeFFA0LNAE+QL

5. 0400000E+D1
T OB00000E+D]
S.4100000E+01
S. 1300000E+01
S.S100000E+01

. S.STOR0AREYD]L

N,

S.5300000E+DL
S.4000000E+0]
.wHDDDDBE+01
22 Q00NGEFD]
SA0000E+R1
SIO0A00E+G]
LSO0G000E+DL
.quDn00E+01

a a2 s a
n;l.-‘u-;c)u

bl Bl B T B B NV |

L STASSOSE+D]
..3qDﬁDﬂﬁE+01

'\.I

-u*l
u
A e
I
o
0
o
]
m
+
=
ot

1 HIDDDHGE+U°
1. E030ANGE+DE

1.a3sanang+qge -

1.0020000E+02
1.0120000E+02
1. 002Q000E+02
1. 02200Q0EFG2
SoSII0ANOE+O1
Q. ESI0009E .

QRNOQE+1,

BITESTL].
315SE+01
mTSFESDL
N1953E+01
S240E+01"
$3T3IFEH+N]
qg@“q5+n1

LI
P TU T A St ey
-u#u”bz

7

LRy

ra
i
fare
YRavEY
m
+
=
-

23448E+01

D TE=TY TR PR = - TN

1?4ﬂE+Dl
262355E+01

‘1ﬂlu1v.ﬂ4u.fil.l‘ll.ﬁl.l’ln.l'l -t-lJ-ru-.u-.q.ll'ul'ul'ul'uwruflJ

'“wmmmeWW#mﬂmmLmuwma@a
L-.u.ﬂv.'.nl'u-.tu:.-w!):l'.!-t-U!El:HJICU'D-L

LTI |
ih
=

. "o
[
m
+
=
e

11
L)
frd
-
A
—
m
+
=
—

T2IS0SG4E+]
2. 134923 0E+01
.34 D45SE+01
DRIV ISIEFG]
2, 5045 092E+01
3. 320035 0E+01
7. 1335222E+01
3, 39507 MSE+0]
A.51181L.34E+01
A, 21832 3E+NL
4ETR0E+01
TRARDE+OS
SA405E+02
=
275 IE+0E
26231 0E+02
317227E+01

O e e e e ]
A
l.‘_l-l:ho-p-‘.___.v—.l_l'll'
'.Ufl.l'.n.lﬁ."-"-‘

ul

DN

s

(=)

0

m

+

=

(y

-159-

LDIFFL ]
=2, 12319358E+00
-2, 2= FSaT1E-101
=3.3401530E+G]
-3.235240SE+0D
=-1.54S5374E+00
-1, 3BT TIE+0D
—3. R4S 13 0E+D0
=7 1233421 E+01
-7 AR VYRR IE+ON
2. 0571SN4E+00
"b.nﬂ“ 149E+01)

Sl mEss1E-01
~3, FORFVIIE+0A
-5, 21341 12E+00
LSO NIE+DN
BAT203E-01
3 NS5 I2E+00
234332 1E+0N0
‘3242222E+00 —

SERRSTETEFON

2355555E+00
SEO7EI4E~N1
1RSSSASE+00

S USEENSIE DD
~5; 3R 04E+11
~2,3104521E+00

LA

[T T e g T RN
[

-=3. 13327 00E+0D

=3, 2NSO0I24E+0D
-1, 072035 0E+01
1.563761TE+ND
A, 543292+ )
S. 2213555E+00
2. 23115602E+00
3, 35F2137E+00
-1, 0S4E425SE+A0
—1.ZD4153FE+0)

=1. 304 049E+01"

=3, TE2RSE+0(
=2, P24 0332E+A0
2. R2TIEBREFDN

[ERROFP1 2

-2, VYT 33V0ZE+00
—2.33572ATE+00
~2, ISEFTAEE+01
=1, 957527 7E+01
-5, 1262 202E+00
~+. 3N FRIZE+00
~-1.5113545E+01
=2. 50321 VE+D]
=3, 184 30FFE+NL
-3, 294351 2E+00
=1.203322SE+01
1. 1523 039E+00
=%, Q197492E+00
=~ ES2I10DEH0E
-1.013512E+01
4. 3952330E-01
2. 322 2037E+N0
1.3955374E+01
2. 37E3P4SE+ON
2.340732RE+0
=-1.537I4IIE+DD
=4. 352404 5E-10} L
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