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Executive Sumnary 

This doccment summarizes t h e  analyses and s tud ies  conducted t o  develop a 
recommended design cor~cept  f o r  a new Fecal C o l l e c t i o n  System t h a t  can be 
r e t r o f  i t e d  i n t o  t h e  Space S h u t t l e  veh i c l e  t o  r ep lace  t h e  e x i s t i n g  trbublesome 
system which has had l i m i t e d  success i n  use. The concept se lec ted  i s  a 
Ca r t r i dge  Compactor Fecal C o l l e c t i o n  Subsystem which u t i  1 i zes an a i r f l o w  
c o l l e c t i o n  mode combined w i t h  a mechanical compaction and vacuum d r y i n g  mode 
t h a t  w i l l  s a t i s f y  t h e  S h u t t l e  requirements w i t h  respec t  t o  s ize,  weight,  
i n t e r f a c e s  and crew comments. 

A f o l  low-on development program has been recommended which w i  11 r e s u l t  f n 
f l i g h t  t e s t  hardware r e t r o f i t a b l e  on a S h u t t l e  veh ic le .  Th is  w i l l  pe rm i t  t h e  
NASA t o  eva luate t h e  system which has Space S t a t i o n  a p p l i c a b i l i t y  b e i ~ r e  
commit t ing p roduc t ion  funds f o r  t h e  Shu t t l e  f l e e t  and Space S t a t i o n  
development. 
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1.0 INTRODUCTION 

F a i r c h i l d  Republic Company (FRC) has completed the th ree  month study i n  
response t o  t he  NASA Statement o f  Work, E x h i b i t  A t o  RFP9-13C72-72-4-31P 
e n t i t l e d  Space Shu t t l e  Orb i t e r  Waste CollectYon System (WCS) Study per NASA 
Contract NAS 9-17223 dated 31 August 1984. The study was conducted i n  
accordance w i t h  the  Program Plan, F igure 1-1 and FRC Proposal AE006P2100 dated 
13 August 1994. This f i n a l  r epo r t  has been prepared per t he  Data Requirements 
L i s t  Number T-1837 o f  E x h i b i t  A t o  the aforementioned RFQ and completes the 
contractual  requirements f o r  the  NASA Contract NAS 9-17223. 

This repo r t  summarizes the verbal repo r t  MS254V1002 as ou t l i ned  i n  F igure  1-2, 
presented t o  t he  NASA on 11 December 1984 a t  Johnson Space Center and approved 
by NASA l e t t e r  dated 12 December 1984. The r e p o r t  w i l l  a lso address the 
techn ica l  d i r e c t i o n  requested i n  the  aforementioned l e t t e r  w i t h  respect  t o  
i nc lud ing  a ROM (rough order o f  magnitude) est imate o f  Non FocvlLP'rrrg &;td 
Recurr ing Costs f o r  each system evaluated f o r  t h e  Shu t t l e  ~O.zc@ .D ~hu.wn i v  
Apperdix B. Also the Trade Study c r i t e r i a  and evaluat ior ,  ,+. 'Zi Sb ti&:@ 3n $0 
man-days o f  WCS use ra the r  than 210 which was the  o r i g in ;?  baoal+n! $ 9 ~  t?'e 
study. 

2.0 SCOPE 

- .*. The study ob jec t i ve  was t o  develop a design concept f o r  i%&v4,:7 5.' .. i., . k 
c o l l e c t i o n  t h a t  resolves t h e  i n f l  i g h t  usage problems encoun.tx>.kv 8 ; ;  ". iFaho 
present Space Shu t t l e  O r b i t e r  waste co l  l e c t i o n  subsystem (WCS) anu  % 2 1 ~ h  could 
be a precursor f o r  the  Space Sta t ion  WCS. The e f f o r t  completed has b.cu"ed 
i n  a recommended optimum waste co l  l e c t i o n  subsystem design concept which could 
be developed as an Orb i t e r  f l i g h t  t e s t  a r t i c l e  f o r  concept v e r i f i c a t i o n  and 
subsequent product ion o f  new f l i g h t  hardware. Appendix A o f  t h i s  document 
contains a systems requirements d e f i n i t i o n  o f  t he  recommended approach f o r  an 
optimum feca l  c o l l e c t i o n  subsystem which w i  11 prov ide the  basis f o r  f o l  low-on 
e f f o r t  t o  develop t e s t  hardware f o r  concept v e r i f i c a t i o n  on the  Shu t t l e  
Orb i t e r  vehicle.  

3.0 TASK 

Develop a design concept f o r  improved waste c o l l e c t i o n  t h a t  resolves the  i n -  
f l i g h t  usage problems encountered w i t h  the  present Space Shut t le  Orb i t e r  waste 
c o l l e c t i o n  subsystem. I n f l i g h t  use o f  the e x i s t i n g  subsystem had on l y  l i m i t e d  
success. General l y ,  the u r i n e  co l  l e c t  i o n  func t i on  has been s a t i  s fac to ry .  
However, problems have been experienced w i t h  feces c o l l e c t i o n .  

3.1 O r b i t e r  Waste Collection System (WCS) Review 

The e x i s t i n g  Space Shut t le  Orb i t e r  WCS i s  designed t o  accommodate both male 
and female crew members. A i r  f l ow  i s  used t o  separate and c o l l e c t  the  
metabol ic wastes, u r i ne  and feces. Once col lected,  t he  u r i n e  i s  t ransferred 
t o  a waste storage tank. The feces c o l l e c t i o n  assembly contains a h igh  speed 
motor which d i r e c t s  the co l l ec ted  feces against the s ide o f  the conta iner  
where t h e  feces are vacuum dr ied.  
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3.1.1 Orbiter WCS Funct-ions 

The WCS i s  an i n t e g r a t e d  mu1 t i f u n c t i o n a l  system p r i m a r i l y  u t i l  i z e d  t o  c o l  l e c t  
and process biowastes f rom male and female crew members i n  a  zero g r a v i t y  
environment. The system i s  used as a  standard e a r t h  one g f a c i l i t y ,  and 
performs t he  f o l l o w i n g  general  f unc t i ons :  

o Co;!ects, stores and d r i e s  f e c a l  wastes and assoc ia ted t i ssues .  

o  Processes urit?e, and t r a n s f e r s  i t  t o  t h e  waste water tank. 

o  P~ocest ies  Ex+rav+hicu lar  M o b i l i t y  U n i t  (EMU) condensate water f rom the 
air loc! ,  and t r ~ n s f e r s  i t  t o  t h e  waste water tank.  

o  Provides an i n t e r f a c e  f o r  ven t ing  t r a s h  con ta i ne r  gases overboard. 

o  Provides an i n t e r f a c e  f o r  dumping A i r  R e v i t a l i z a t i o n  System (ARS) 
waste water overboard i n  a  cont ingency s i t u a t i o n .  

o  For f l i g h t s  when g a l l e y  i s  f lown, processes wash water f rom the  
Personal Hygiene S t a t i o n  (PHs) and t r a n s f e r s  i t  t o  t he  waste water  
tank. 

The p r imary  WCS In te r f aces  are shown i n  F igure  3-1 and t h e  system schematic i s  
shown i n  F igure 3-2. 

3.1.2 Orb i t e r  WCS Major Components are: 

o  Commode - The commode i s  t he  storage con ta i ne r  f o r  s o l i d  waste. When - 
i n  use, t h e  commode i s  pressur ized and t r a n s p o r t  a i r f l o w  i s  p rov ided  
by the  f a n  separator .  When not i n  use, t h e  commode i s  depressur ized 
f o r  s o l i d  waste d r y i n g  and deac t fva t ion .  

*o S l i n  e r  - The s l i n g e r ,  which i s  i n s i d e  t h e  commode, i s  a  c i r c u l a r  
It r o t a t e s  a t  a  h i gh  RPM t o  p rope l  incoming s o l i d  wastes, and 

depos i ts  them on t he  inner  w a l l s  o f  t he  commode. 

o  U r i na l  - The u r i n a l ,  e s s e n t i a l l y  a  funne l  a t tached t o  a  hose, prov ides 
the  c 3 p a b i l i t y  t o  c o l l e c t  and t r a n s p o r t  l i q u i d  waste t o  t h e  waste 
water tank.  The f a n  separator prov ides t r a n s p o r t  a i r f l o w  f o r  t h e  
1  iqu id .  

o  Fan separators - The separators p rov ide  t r a n s p o r t  a i r f l o w  through t h e  
commode and u r i n a l ,  and separate t h e  waste 1 i q u i d  from the  a i r f l o w .  
The l i q u i d  i s  drawn o f f  t o  the  waste water tank, and t h e  a i r  r e t u r n s  
t o  the cab in  through t he  odor /bac te r ia  f i l t e r .  

o  Vacuum ven t  OD - The QD i s  used t o  vent l i q u i d  d i r e c t l y  overboard f rom 
equipment connected t o  t h e  OD, through t h e  vacuum vent l i n e .  

o  WCS c o n t r o l s  - The WCS has several va lves and switches which a re  used 
t o  con f i gu re  the  commode f o r  t he  d i f f e r e n t  ope ra t i ona l  mudes. F i gu re  
3-3. 

*During l a t e r  miss ions t he  S l i nge r  and Motors were removed and a re  rep laced  by 
a  l a r g e  l i n e r  bag w i t h  l i q u i d / s o l i d  f i t t e r s .  
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3.1.3 WCS Operational Moriss 

The WCS has th ree  pr imary operat ional modes and fou r  back-up f a i l u r e  type 
modes as fo l lows:  

o Urine Co l l ec t i on  

o Urine/Feces Co l l ec t i on  

o EMU/Airlock Water Co l lec t ion  

o Backup Feces Co l l ec t i on  - Fa i led  Sl inger  

o Backup Feces Co l l ec t i on  - Fa i led  Fan Separator (Backup Fan Separator 
A c t i v i t i e s )  

o Backup Feces Co l l ec t i on  - Fa i led  Fan Separators 

o Backup Urine Co l l ec t i on  - Fa i led  Close Pinch Valve 

When the  ga l l ey  i s  i n s t a l l e d  i n  the Orbi ter ,  t h e  WCS w i l l  process the waste 
water from the Personal Hygiene Sta t ion  (PHS) which i s  an i n t e g r a l  p a r t  o f  the 
gal ley.  

3.1.4 WCS Inf 1 ight Cleaning Maintenance 

WCS cleaning i s  scheduled as a d a i l y  i n f l i g h t  a c t i v i t y .  B ioc ida l  cleanser, 
disposable gloves, general purpose dry  wipes, small wet wipes and Contingency 
Sl inger  Scraper Tool (CSST) are provided f o r  c leaning the  WCS. A u r i n a l  
screen located a t  the base o f  the u r i n a l  funnel captures a i r  entrained debris 
and should be replaced a t  l e a s t  twice per day. The odor lbac ter ia  f i l t e r  can 
be removed and replaced w i t h  a spare f i l t e r  i f  excessive odors are present. 
In addi t ion,  t h e  PHs water hose should be used: 

o A t  l eas t  once per day t o  clean o r  f l u s h  areas o f  the u r i n a l  w i t h  
water. 

o To remove debris from t ransport  tube below the commode gate valve (use 
water spar ing ly )  as required. 

3.2 Orbiter WCS Inflight Problems and Corrective Actions 

Tables 3-1 are a l i s t i n g  o f  the  i n f l i g h t  problems and associated co r rec t i ve  
measures implemented by STS mission. I n  general the Urine Co l l ec t i on  System, 
Odor Control  System and improvements made i n  the body s t a b i l i z a t i o n  
( r e s t r a i n t )  designs are working we1 1 w i t h  minimal problems and co r rec t i ve  
measures required. Based on crew surveys, waste c o l l e c t i o n  i s  subject t o  many 
personal performances aqd usage performance varies among crew members. The 
f l i g h t  problems l i s t i n g s  cover f l i g h t s  STS-1 through STS-13 inc lus ive .  



TABLE 3.1 

SPACE SHUTTLE' ORBITER 

WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

STS-1 FLIGHT PROBLEMS CORRECTIVE ACTION FOR STS-2 AND SUBS 

o DEGRADATION OF AIR FLOW, DUE TO FLOODING OF FAN o STOWED SPARE OMR/BACTERIA FILTER, 
SEPARATOR AND OMIR/BACTERIA FILTER PRIOR TO CHANGED SERVICING PROCEDURES TO 

PREVENT FLOODING 

o URINE HOSE SCREEN BLOCKED WITH L I N T  AND OTHER DEBRIS o DEVELOPED AND INSTALLED URINE PREFILTER 
WHICH CAN BE CLEANED OR REPLACED 

STS-2 FLIGHT PROBLEMS CORRECTIVE ACTION FOR _STS-3 AND SUBS 

NONE REPORTED o NONE 



TABLE 3.2 

STS-3 FLIGHT PROBLEMS 

o SLINGER STALLED DUE TO'EMESIS BAG 

SPACE SHUTTLE ORBITER 

WASTE COLLECT!ON SYSTEM FLIGHT PROBLEMS 

o FECAL WASTES WEREN'T TRANSPORTED PROPERLY TO 
SLINGER DUE TO CREW MISALIGNMENT 

o "LAST DROPv URINE COLLECTION INADEQUATE 

o WIPES UNSATISFACTORY, TOO SMALL, TOO "SLICKH 
CREW USED LARGE WIPES 

o VACUUM VALVE KNOB CAHE OFF OF SHAFT 

o WCS MODE SELECT VALVE DIFF4CULT TO ROTATE 
DUE TO URINE SOLIDS BUILDUP I VALVE 

o URINE LEAK AT URINAL CONNECTION AFTER PREFILTER 
REPLACEMENT DUE TO IMPROPER SIZE GASKET 

CORRECTIVE ACTION FOR STS-4 AND SUBS 

CI STS-4 & SUBS - EMESIS BAGS WERE STOWED I N  
WET TRASH BAGS 

- REVISED SLINGER START UP 
SEQUENCE, SLINGER SPINS 
BEFORE AIR FLOW BEGINS 

Q STS-5 & SUBS - LOWER TINES WERE SWEPT BACK 
HIGHER TORQUE SLINGER MOTOR 

o STS-4 - WCS ALIGNMENT TRAINER 
DEVELOPED 

- CREW HAD ACUTAL USE TRAINING 
LONG TERM FLIGHT SIMULATION 

- TRANSPORT TUBE TEFLON-COATED 

o 5:5-5 81 SUBS - IMPROVED IJRINAL DEVELOPED TO 
COLLECT URINE 'LAST DROP" 

a STS-4 & SUBS - NEW TISSUE WIPES PROVIDED 
SIZE INCREASED FROM 4" x 5" 
TO 5" x 855". BETTER TEXTURE. 

o STS-4 & SUBS - SET SCREWS WITH ROLL PINS 
INSTALLED. 

o STS-4 & SUBS - VALVE fiX)DIFIED TO PREVENT 
SOL IDS BUII-OUP 

o STS-4 & SUBS - PROPER GASKETS PROVIDED 



TABLE 3.3 

SPACE SHUTTLE ORBITER 

WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

STS-4 FLIGHT PROBLEMS CORRECTIVE ACTION FOR STS-5 AND SUBS 

o CREW NOT PROPERLY RESTRAINED, "NOT ENOUGH HANDS TO o 3 BODY RESTRAINT DEVICES PROVIDED, CREW 
DO EVERYTHING" EVALUATED I N  FLIGHT 

o ADJUSTABLE FOOT REST WITH FOOT RESTRAINTS 
DEVELOPED 

o CREW NOT PROPERLY RESTRAINED DURING STANDUP o TOE BAR AND LEG STRAPS DEVELOPED FOR STANDIFIG 
UR I NATI ON URINATION 

o URINE LEAKED FROM UNDER URINAL CAP o URINAL CAP (FOR MALES) PROVIDED WITH SEAL TO 
PREVENT LEAKAGE AND PAINT COATING REMOVED TO 
PREVENT WETTING. 

r 
I-' 

o SLINGER SLOWED DOWN OVER COURSE OF MISSION o SLIMGER MOTOR REPLACED KITH DIRECT DRIVE 
MOTOR, 4 TIMES AS MUCH'TORQUE 

o "LAST DROPtt URINE COLLECTION INADEQUATE o URINAL DESIGN IMPROVED, HAS "LAST DROP" 
MODE 

o URINAL AIR FLOW WAS LOW AT TIMES, DUE TO PREFILTER o PREFILTER PADS WERE DEVELOPED. URINAL WkS 
CLOGGING REDESIGNED TO ALLC'i fASY CHANGEOUT OF THE 

THE NEW PREFILTER PADS. MORE PREFILTER PADS 
PROV ICED TO ALLOW DAILY REPLACEMENT 

o CREW COMMENT: "TRAINING PRIOR TO FLIGHT I S  ESSEYTIAL" 



TABLE 3d 

STS-5 FL lGHT PROBLEMS 

SPACE SHUTTLE ORBITER 

WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

o I N  GENERAL, WCS WORKED WELL, CREW DESCRIBED 
SYSTEM AS "OPERATIONAL 

o CREW EVALUATED 3 BODY RESTRAINTS, SELECTED 
THIGH BARS AS OPTIMUM 

o PROBLEMS 

- ON A FEW OCCASIONS, SMALL BITS OF FECAL 
MATTER CAME OUT OF COFll4ODE 

- SLINGER LABORED AND CYCLED I N  SPEED DURING 
LATTER MISSION DAYS 

CORRECTIVE ACTION FOR STS-6 ANDSUBS 

o WAIST BELT RESTRAINT REMOVED FROM FLIGHTS. 
THIGH STRAPS RETAINED TO HOLD STOWAGE BAG 
AND SERVE AS BACKUP TO THIGH BARS 

- CREWTOLD DURING TRAINING TO MINIMIZE 
TIME THAT SLIDE VALVE I S  OPEN. PROBLEM 
STUDIED. 

- FOR STS-8, UPPER TINES WE@: RETAINED I N  
DOWN POSITION 



TABLE 3.5 

STS-6 FLIGHT EXPERIENCE 

SPACE SHUTTLE ORBITER 
WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

o I N  GENERAL, WCS WORKED WELL 

o CHEW D I D  NOT NOTICE FECAL MATERIAL COMING 
FROM COMMODE 

o PROBLEMS 

- FAN SEPARATOR #I MADE UNUSUAL NOISE 
AND VARIED I N  SPEED, BUT D I D  NOT STOP 
WORKING. FAN SEPARATOR #2 WAS NOT USED 

- SLINGER LABORED AND CYCLED I N  SPEED 
DURING LATTER MISSION DAYS 

t.. 
w STS-7 FLIGHT EXPERIENCE 

o PROBLEMS 

- CREW REPORTED DEGRADATION OF URINAL 
A I R  FLOW AND URINE BACKUP I N  URINAL 

CORRECTIVE ACTION FOR STS-7 AND SUBS 

- FAN SEPARATOR FAILURE ANALYSIS REVEALED 
BEARING WAS WORN. FAN SEPARATOR WAS 
REPLACED 

- PROBLEM UNDER STUDY 

CORRECTIVE ACTION FOR STS-8 AND SUBS 

- LOW A I R  FLOW POSSIBLY DUE TO OWR/BACTERIA 
F ILTER FLOODING PRIOR TO LAUNCH. INVESTI-  
GATIONS D I D  NOT CONFIRM THAT T H I S  HAPPENED. 
ADDITIONAL PROCEDIIRE IMPLEMENTED AT PAD TO 
RUN WCS AND CHECK FOR WATER I N  DUCT PRIOR TO 
ODORjBACTERIA F ILTER INSTALLATION. NUMBER 
OF PREFILTER PADS STOWED WAS DOUBLED. 

- SLINGER QUIT OPERATING ON F I F T H  DAY OF MISSION, - SLINGER MICROSWITCH FAILURE CONFIRMED; SWITCH r 

CREW CONTINUED TO USE WCS I N  "OUT HOUSE" MODE WAS REPLACED. PROCEDURE DEVELOPED FOR CREW TO a, 

WITH NO SIGNIFICANT DIFFICULTIES.  JUMPER MICROSWITCH CONNECTORS I F  PROBLEM Cj  
w 

OCCURS AGAIN. 2 %  
P)N 



TABLE 3.6 

STS-7 FLIGHT EXPERIENCE 

SPACE SHUTTLE ORBITER 
WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

- DUST PARTICLES FLOATED FROM COMMODE 
POST-FLIGHT COMMODE WAS FULL OF PAPER 
AND SLIMGER FILTER WAS CLOGGED DUE TO FECAL 
AND PAPER DUST 

CORRECTIVE ACTION FOR STS-8 AND SUBS - 

- PROBLEM UNDER EVALUATION. UPPER TINES 
WERE RETAINED I N  DOWN POSITION TO 
PREVENT DUST GENERATION AND REDIJCE 
REV'ERSE AIR FLOW AND PARTICLE IMPACTS. 

- CREW CAUTIONED TO MINIMIZE NUMBER OF 
TISSUES DEPOSITED I N  COMMODE. USE WET 
WIPES AND DEPOSIT I N  WET TRASH 
COMPARTMENT 

- DURING POST-FLIGHT INVESTIGATION, DEBRIS - DESIGN CHANGE BEING EVALUATED. FILTER 
SEAL WAS FOUND LEAKING. THIS ALLOWED SILICONE COMPOUND WAS USED TO SEAL 
FECAL MATERIAL INTO FAN SEPARATORS AIR DUCTS, FILTER UNTIL IMPROVED FILTERS ARE 

C-r 
P 

RUT OOORIBACTERIA FILTER PREVENTED I T  FROM AVAILABLE. 
GETTING OUT OF SYSTEM INTO CABIN 

STS-8 FLIGHT EXPERIENCE 

o I N  GENERAL, WCS WORKED 
- URINE COLLECTION WAS SATISFACTORY, 

AIR FLOW WAS ADEQUATE 

- FECES COLLECTION WAS SATISFACTORY 

o PROBLEMS 

CORRECTIVE ACTION FOR STS-9 

- SEVERAL TIMES, FECAL MATERIAL WAS - 0  UPPER SLINGER TINES WERE REMOVED 
EJECTED FROM COMMODE WITH SLIDE VALVE 
OPEN 



TABLE 3.7 

ST5-8 FLIGHT EXPERIENCE 

SPACE SHUTTLE ORRITER 
WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

o PROBLEMS ( c o n t  I d )  

- SLINGER MADE IMPACT NOISES AND CYCLED 
I N  SPEED I N  LAST 24-36 HOURS OF MISSION 

CORRECTIVE ACTION FOR STS-9 AND SUBS 

o CREW WAS PROVIDED WITH ALTERNATIVE PROCEDURE 
TO USE LATE I N  MISSION ACCORDING TO THEIR 
OPTION: 

- USE COMMODE WITHOUT SLINGER TURNING 

- AFTER USE, CLOSE S L I M  VALVE AND OPERATE 
SL I NGER 

- COMMODE OUTLET VACUUM VALVE LEAKED, LOSING o VALVE LEAK DUE TO FAULTY LINKAGE. LINKAGE 
SOME CABIN AIR TO SPACE. CREW CLOSED MANUAL AND ALIGNMENT VERIFIED PRIOR TO STS-9. 
VACUUM VALVE AT NIGHT. ODORS D I D  NOT DEVELOP. REDESIGN I S  UNDERWAY. 

- WCS NOISE LEVEL WAS DISTURBING - CREW AVOIDED - o NOISE ATTENUATION WAS INSTALLED ON COVER OF 
USE DURING SLEEP PERIODS TO KEEP FROM WAKING COVER OF WCS. SLEEP COMPARTMENTS WERE SEALED 
OTHERS. SEALED TO PROVIDE BETTER ACOUSTIC ISOLATION. 

STS-9 FLIGHT EXPERIENCE 

o URINE COLLECTION WAS SATISFACTORY THROUGHOUT 
THE MISSION 

o EVEN WITH THE 1WO-SHIFT OPERATION, THE WCS D I D  NOT 
DISTURB SLEEP. SLEEPING COMPARTMENTS PROVIDED GOOD 
SOUND ISOLATION. 

CORRECTIVE ACTION FOR STS-I1 (41-0) 

o STARTING ON DAY 6, FECAL MATERIAL WAS EJECTED o LOWER SLINGER TINES WERE REMOVED 
FROM THE WCS. THIS WAS DUE TO F INE DUST GENERATED 
BY THE LOWER TINES BLOCKING THE SLINGER DEBRIS 
FILTER AND STOPPING AIR FLOW. 

C1 

% zc 
G V) 
Pl rU 
I ul 
k 

c= 
P* 
100 
C O O  
V I W  



TABLE 3.8 

SPACE SHUTTLE ORBITER 
WASTE COLLECTION SYSTEM FLIGHT PROBLEMS 

STS-11 (418)  FLIGHT EXPERIENCE CORRECTIVE ACTION FOR STS- (41-CB) 

o COMMODE AIR FLOW WAS GOOD FOR ENTIRE 
MISSION. THERE WAS NOT WASTE MATERIAL EJECTION. 

o ON 1ST FLIGHT DAY, FAN SEP #1 FLOODED AND WOULD o 
NOT RUN AT NORMAL SPEED. CREW USED FAN SEP #2 
FOR THE REST OF THE MISSION. DATA INDICATED 
MOMENTARY, INTERMITTENT LOSS OF POWER TO FAN SEP # l .  

0 

Q LATE I N  MISSION, SLINGER CIRCUIT BREAKER OPENED o 
DUE TO FECAL MATERIAL FREEZING FROM SLINGER TO 

I-' 
TRANSPORT TUBE. CREW USED PRY BAR TO F IX  THE PROBEM. 

m 
o CREM HAD NO PROBLEMS WITH SLINGER STOPPAGE o 

HOWEVER; STARTING ON THE FOURTH DAY, CREW HAD TO - 
USE SCRAPER TOOL TO PREVENT WASTE MATERIAL BUILDUP 
ON SLINGER HEAD. 

FLOODED FAN SEP CLEARING PROCEDURE 
DEVELOPED FOR CONTINGENCY USE ON 
ON SUBSE()UENT FL IGHTS. 

WCS MODE SWITCH WAS CHECKED IN-VEHICLE 
VERIFIED TO NAVE PROPER OVER-TRAVEL. 

TRANSPORT TUBE WAS SHORTENED 

WCS WITH BAG LINER DEVELOPED AND 
AND WILL BE PROVIDED FOR FLIGHT 41-D. 

o ON SECOND DAY, FAN SEP #1 EXHIBITED LOW AIR o 
FLOW. CREW SWITCHED TO FAN SEP #2. AIRFLOW DID  NOT 
IMPROVE. SEVERAL HOURS LATER FAN SEP #2 FAILED TO 
RUN. CREW SWETCHED BACK TO FAN SEP # 1  AND REPLACED 
ODOR/BACTERIA FILTER. AIR FLOW DID NOT IMPROVE. 
LATER I N  MISSION, CREW CYCLED DC BREAKER AND FAN 
SEP #2  RAN, BUT ONLY FOR SHORT PERIOD. CREW USED o 
FAN SEP #1 FOR T I E  REST OF THE MISSION. 

POST-FL IGHT, THE URINAL IN-L INE HOSE 
SCREEN WAS FOUND TO BE CLOGGED WITH DEBRIS. 
CHANGE WAS MADE TO WCS CUE CARD AND 
TRAINING FOR CREW TO INSPECTKLEAN SCREEN 
EACH TIME THEY REPLACE PREFILTER. 

FAN SEP #2 PROBLEM WAS DUPLICATED AND WAS DUE t. 
a> 

TO AN INTERMITTENTLY FAILING L I M I T  SWITCH. CI 

MANUAL SWITCHES WERE INSTALLED ON FRONT PANEL D 
=I 

TO BYPASS BOTH MODE SELECTOR AND FAN SEP C -3: 
rn V) 

SELECTOR SWITCHES TO BE USED FOR BACKUP. 3 N 
rc rn 

REDESIGN OF SWITCHING CONTROLS ARE UNDER STUDY. P 
Wt-' 
(00 
m o  
cnw 



TABLE 3.9 

SPACE SHUTTLE ORBITER 
WASTE COLLECTION SYSTEM FLIGHT PROBLEMS. 

STS-11 (418)  FLIGHT EXPERIENCE CORRECTIVE ACTION FOR STS- (41-CB) 

o CREW HAD NO PROBLEMS WITH SLINGER STOPPAGE o WCS WITH BAG LINER DEVELOPED AND WILL BE 
HOWEVER, STARTING ON THE FOURTH DAY, CREW. PROVIDED FOR FLIGHT 41-0. 
HAD TO USE SCRAPER TOOL TO PREVENT WASTE 
MATERIAL BUILDUP ON SLINGER HEAD. 

o ON SECOND DAY, FAN SEP #1 EXHIBITED LOW AIR 
FLOW. CREW SWITCHED TO FAN SEP #2. AIR 
FLOW DID NOT IMPROVE. SEVERAL HOURS LATER, 
FAN SEP #2 FAILE DTO RUN. CREW SWITCHED BACK 
TO FAN SEP # 1  AND REPLACED ODORIBACTERIA 
FILTER. AIR FLOW DID NOT IMPROVE. LATER I N  
MISSION, CREW CYCLED DC BREAKER AND FAN SEP #2 
RAN, BUT ONLY FOR SHORT PERIOD. CREW USED FAN 
SEPT # 1  FOR THE REST OF THE MISSION. 

o POST-FLIGHT, THE URINAL IN-LINE HOSE SCREEN 
WAS FOUND TO BE CLOGGED WITH DEBRIS. CHANGE 
CHANGE WAS MADE TO WCS CUE CARD AND TRAINING 
FOR CREW TO INSPECT/CLEAN SCREEN EACH TIME 
THEY REPLACE PREFILTER. 

o FAN SEP #2 PROBLEM WAS DUPLICATED AND WAS DUE 
11 Jb 

TO AN INTERMITTENTLY FAILING L I M I T  SWITCH. i p MANUAL SWITCHES WERE INSTALLED ON FRONT PANEL 
TO BYPASS BOTH MODE SELECTOR AND FAN SEP K O  
SELECTOR SWITCHES TO BE USED FOR BACKUP. 
REDESIGN OF SWITCHING CONTROLS ARE UNDER STUDY. 
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3.2.1 Orbiter l'mproved F i l t e r  Bag Sysbem STS-4.10 (14) 

A s i m p l i f i e d  red,esigned system was flonmj on STS-14 which consisted o f  a la rge  
f i l t e r  bag i n  the  existing housing assembly. This system, provides the 
fo l l ow ing  improvements a t  minim31 cos t  and redesign: 

o El iminates S l  inger/Motor Assembly 

o E l  i m i  nates Fecal Dust Generation 

o El iminates Mater ia l  E jec t ion  

o Reduces y@ise 

o Reduces, I n . ~ ~ g y  Use 

o Enhances Turnaround 

o Minimum Design Impact t o  Prove Concept i n  F l i g h t  

Post evaluat ion comments o f  the  system by crew members were mater ia l  
accumulated a t  the s n t r y  p o r t  under the  seat and had t o  be cleaved away p r i o r  
t o  each use. Waste mater ia l  d i d  not seem t o  adhere t o  bag but  f l o a t  i n  Zero- 
G. Sat is fac tory  f o r  short  minimal usage missions but would not meet the 210 
man-day requirement w i th  respect t o  capacity. 

3.3 . Irnroved WCS Primary Goncerns and Design Cr i t ie ra  

The informat ion contained was obtained from a document e n t i t l e d  ''Waste 
Co l l ec t i on  System* (WCS) Review questions provided by NASA, and the Rockwell 
I n te rna t i ona l  (Space D iv is ion)  Spec i f i ca t ion  e n t i t l e d  uCol lec tor  Subsystem 
W a ~ t e . ~  I n  addi t ion,  FRC has a wealth o f  experience w i t h  the Skylab p r o j e c t  
which contr ibuted s i g n i f i c a n t l y  t o  the proposed concepts. 

3.3.1 Pr imry  Concerns 

Some o f  the primary concerns per f i g u r e  3-4, lead t o  .design c r i t e r i a .  FRC was 
t o  be ab le  t o  propose concepts tha t  would e l im ina te  c e r t a i n  problems, ye t  
mainta in 8ko requirements establ  ished f o r  the shu t t l e .  These requirements 
included Storage r e s t r i c t i o n s ;  mater ia l  compati b i  1 i ty;  noise; and s h u t t l e  
inkerfaves. I n  an attempt t o  be somewhat c rea t i ve  w i t h  the  concepts ye t  t o  be 
a b k  to meet user concerns and environmental considerat ions, a set  o f  design 
c r i t e r i a  w a s  established. 

%.3..3.2 I;Ie$*tgn Criteria 

The sbudry crew was apprised o f  these concerns and c r i t e r i a  and were i ns t ruc ted  
t o  p~Bpose systems t h a t  would be i n  concert w i t h  the  design c r i t e r i a  
est.alb.l ished and shown i n  Figure 3-5. Emphasis was placed- on the c r i t e r i a  
w.h4ch d e a l t  w i th  the  physical cha rac te r i s t i cs  o f  the  e x i s t i n g  system. Some o f  
Vka Design C r i t e r i a  dea l t  spec i f  i c a l  l y  w i t h  the user requirements. These 
Snclude such items as being Unisex; as close t o  normal use as possible; 
minimal crew t ra in ing ;  and no crew contact w i th  the  waste mater ia l .  
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SHUTTLE WCS 

PRIMARY CONCERNS a DESIGN C R I T E R I A  

CONCERNS 

o COLLECTION AND RETENTION OF FECAL MASTES 
- PROBLEM: SOLIDS MID DUST MIGRATING 

o NASTE STORAGE CAPACITY 
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-I. 

- PAPER AND FECES 
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c - COMPACTION 
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W 
o MATERIAL  C O M P A T I B I L I T Y  

I + - CORROSION 
- U R I N E  SOLIDS 

o USER PFOBLEMS 
- CREW TR!,INIkG 
- P O S I T I O N I N G  
- CLEA:JUP 

o N O I S E  

o TURNAROUPID REDUCED 
- GROUND REFURBI SHMENT 

o SHUTTLE INTERFACES 
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SHUTTLE WCS 
PRIMARY CONCERNS & DESIGN CRITERIA 

DESIGN CRITERIA 

o WASTE STORAGE ISOLATION 

o SAFE ODbRLESS STORAGE OF WASTE 

o MALE/F ErIALE 

o INDIVIDUAL URINE COLLECT1 ON INTERFACE 

71 
o NORMALTOUSE/WITHINMII\JIMALTIME 

--I. 

rQ 
C 
'I 

o W IPE/FECAL CAPACITY 
CD 

G, 
I 

o MINIMAL CREW TRAINING 
V, o NO CREW CONTACT GlITH !@TE 

o CREW FECAL SEPARATION 

o CREW STABILIZATION 

o COLLECT/STORE 210 MAN DAYS OF NASTE (FECES/WIPES) 

o BACTERI A/ODOR CONTROL 

o MIkiIMIZE OPERATING NOISE 

o MINIMIZE WEIGHT, POWER a VOLUME 

o RELIABI L I  TY/REDUNDANCY (ELECTRI CAL/SEALS) 

o ORBITER RETROFITABLE 
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I n  con junc t ion  w i t h  t h e  design requirements, t he  con t rac to r  has used t h e  
Rockwell Waste Csl  l e c t i o n  Subsystem Procurement S p e c i f i c a t i o n  (Appendix C) as 
a guide. Considerat ion o f  candidate design concepts are no t  l i m i t e d  t o  t h e  
s p e c i f i e d  O r b i t e r  subsystem weight, power and volume. 

*The s tudy has used 60 man-days i n  l i e u  o f  210 man-days o f  WCS use per t h e  
r e d i r e c t i o n  a t  t he  11 December 1984 Oral Report meeting. 

3.3.3 Design Criteria Space Station Applicability 

The concerns and design c r i t e r i a  were o r i g i n a l l y  app l i cab le  t o  t h e  s h u t t l e .  
I n  t he  process o f  the  study, t he  team members were a lso  asked t o  p rov ide  
i n fo rma t i on  concerning mod i f i ca t i ons  and/or changes requ i red  t o  a1 low t h e  
s h u t t l e  proposed system t o  be app l i cab le  f o r  space s t a t i o n  use. 

P r i o r  t o  suggest ing which proposed s h u t t l e  system had appl i c a b i  1  i t y  t o  t he  
Space S ta t ion ,  t h e  s tudy team reviewed and i n i t i a t e d  c e r t a i n  assumptions pe r  
F igure 3-6. The assumptions were essen t i a l  l y  based on i n fo rma t i on  rece ived  
from NASA. I n  add i t ion ,  FRC in fo rmat ion  and exper ience w i t h  Skylab p layed a 
s i g n i f i c a n t  r o l e  i n  both understanding d i r ec ted  assumptions and the  i n i t i a t i o n  
o f  o the rs  which r e s u l t e d  i n  design c r i t e r i a  shown i n  F igure  3-7, These 
assumptions inc luded  such cons iderat ions as: Support 6 crewmen f o r  90 days; 
minimize waste volume storage; and no 1 i q u i d / s o l  i d/gas overboard dump. 

3.4 WCS Trade Study Criteria and Weighting Factors 

I n  an attempt t o  eva luate the  concepts proposed by t he  s tudy team a l i s t  o f  
c r i t e r i a  was es tab l i shed  which was e s s e n t i a l l y  based on the pr imary-concerns 
and design c r i t e r i a .  To each c r i t e r i o n  was a r b i t r a r i l y  assigned a we igh t ing  
f a c t o r .  The numbers were judged on importance t o  the  s tudy team and no t  
necessa r i l y  es tab l i shed  f o r  o ther  evaluators.  However, based on t h i s  
procedure we were ab le  t o  q u a n t i t a t i v e l y  eva luate each concept per  F igu re  3- 
15. 

The t r a d e  study c r i t e r i a  were assigned t o  s i x  (6 )  general categor ies.  The 
study team agreed t o  the assignments o f  the  c r i t e r i a  based on a "best  f i t "  
phi losophy. It i s  w e l l  t o  understand t h a t  the  c r i t e r i a  may f i t  other  
categor ies o r  more than one o r  no t  be accepted by t he  reader.  I n  any case, we 
proceeded w i t h  a  bas is  f o r  a  q u a n t i t a t i v e  ana lys is  o f  the concepts. The 
general categor ies are shown i n  F igure 3-8. 

The weight ing guides were developed as shown i n  Figures 3-9 through 3-14 
i n c l u s i v e  f o r  each o f  the  categor ies.  Each team member r a t e d  each system and 
the severa l  i t e r a t i o n s  o f  the  r a t i n g s  were d iscs ised  du r i ng  team meetings. I n  
add i t ion ,  non-team members knowledgeable i n  the areas o f  engineer ing and waste 
management were asked t o  o b j e c t i v e l y  r a t e  the concepts. The reasons f o r  
several  i t e r a t i o n s  were due i n  p a r t  t o  t he  b ias  on t he  p a r t  o f  t he  designer t o  
r a t e  h i s  system. The i t e r a t i o n s  r e s u l t e d  i n  minimum b ias  and maximum 
o b j e c t i v i t y  and were tabu la ted  f o r  se lec t i on  per  F igure 3-15. 

3.4.1 Safety 

Crew contaminat ion i s  o f  paramount importance. Exposure t o  unt reated waste o r  
contaminat ion excluded the  concept from cons iderat ion.  Re1 i a b i  1  i t y  requ i red  
t h a t  t he  system cont inue t o  operate even i n  a  degraded mode. It would be 
considered t o t a l l y  u n r e l i a b l e  i f  the  system became inoperable and a backup 
system were requ i red .  (F igure  3-9) 

21 



RCS SPACE STAT I OH !~SSUMPT I ONS 

o SUPPORT 6 CREWMEN FOR 90 DAYS ( 5 4 0  MAN DAYS) 

o ON ORBIT MAINTENANCE 

o ON ORBIT RESUPPLY (90 DAY CYCLES) 

o M I N I M I Z E  GIASTE VOLUMF STORAGE 

o SELECTIVE BIO-MEDICAL SAMPLING 

o RECYCLl NG SYSTEMS (LIQU ID/SOLIDS) 

o NO L IQU ID/SOLID/GAS OVERBOARD DUMP 

o SHUTTLE FLIGHT TESTABLE 
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DESIGN CRITERIA 

o WASTE STORAGE ISOLATION ' 
o SAFE ODORLESS STORAGE OF WASTE 
o MALE/FEMALE 
9 INDIVIDUAL URINE COLLECTION INTERFACE 
o NORMALTOUSE/WITHINMINIMALTIME 
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o W I PE/FECAL CAPACITY 

C 
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o MINIMALCREWTRAINING 
W 
I 

o ti9 CREW CONTACT WITH WASTE 
q o CREW FECAL SEPARATION 

* 
o CREW STAB I LIZATI ON 
o COLLECT/STORE (6 MAN CREW X 90 DAY RESUPPLY) 540 MAN DAYS 
o BACTERI A/ODOR CONTROL 
o MINIMIZE OPERATING NOISE 

I 

L 
o MINIMIZE WEIGHT, POWER &VOLUME 

* 
o RELI AB I LITY/REDUNDANCY (ELECTRI CAL/SEALS) 

* 
o ON ORB I T  MAE NTENANCE/RESUPPLY 

* 
o NO LIQUID/SOLID/GAS OVERBOARD PUMP 
o SELECTIVE B J 0-NED1 CAL SAMPLING 
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NCS 
TRADE STUDY CRITERIA 

A, SAFETY 
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B,  DISCOMFORT 
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C. ANNOYANCE 
03 

D, VERSATILITY 

E, NON-FUNCTIONAL 

F, SPACE STATION 

SOURCE OF CRITERIA 
RFQ SHUTTLE ORBITER WCS STUDY CONTRACT 
NASA SUPPLIED DATA 
FRC EXPERIENCE WITH PREVIOUS NASA HABITABILITY CONTRACTS 
FRC EXPERIENCE WITH NASA SKYLAB WMS CONTRACT 
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3.4.2 Discomfor t  

I f  crew waste separat ion r equ i r ed  ass is tance i t  was considered unacceptable. 
Dur ing t h e  dey: b*-led modes o f  operat ion,  i f  a back-up system were r e q u i r e d  i t 
was no t  c o n s i d ~ r e d  acceptable. The system would be designed t o  meet t he  
minimum requirements f o r  60 man-days. I f  i t  exceeded t h i s  requirement,  i t  was 
a plus. A l l  systems must meet the  minimum requirement f o r  use i f  i t were t o  
be acceptable. (F igure  3-10) 

3.4.3 Annoyance 

Male/female common use was a p r imary  cons idera t ion .  I f  a system requ i r ed  a 
replacement o f  some p o r t i o n  o f  t he  system so as t o  be used by any crewmember, 
t h e  system rece ived a l esse r  r a t i n g .  It was however, acceptable.  The t ime  
requ i r ed  f o r  use inc luded prep and clean-up t ime. A t i m e - l i n e  was prepared 
and es tab l i shed  a 12 minute requirement fo r  use o f  t h e  system i n c l u d i n g  
d i s rob ing  and rerob ing.  Th is  t ime was found t o  be s a t i s f a c t o r y  by  t he  users  
and served LG a p r a c t i c a l  t ime  f o r  eva lua t i ng  t h i s  c r i t e r i o n .  Noise was an 
environmental c r i t e r i o n  t h a t  rece ived  s i g n i f i c a n t  cons idera t ion .  The s tudy  
team es tab l i shed  an acceptable eva lua t i on  o f  t he  concept i f  t he  no ise  
generated d i d  no t  exceed t h e  no ise l e v e l  generated by  t h e  c u r r e n t  system. I n  
add i t i on ,  t he  a i r  f l o w  requirements which a re  e s s e n t i a l  f o r  t h e  f u n c t i o n a l  
opera t ion  o f  any o f  these systems be maintained, and do no t  r e q u i r e  a i r  f l o w s  
i n  excess o f  the e x i s t i n g  requirements estab l ished.  F i n a l l y ,  t h e  system, i f  
poss ib le  should be a "hands-of fu operat ion.  The c l ose r  we s a t i s f i e d  t h i s  
requirement, the  more acceptable t he  system. Any hand l ing  o f  an unsealed 
con ta iner  would r e v e r t  t o  t h e  s a f e t y  c r i t e r i a  t o  be s a t i s f i e d  and .be 
e l  i m l  nated from cons idera t ion .  (F igure  3-11) 

3.4.4 V e r s a t i l i t y  

The t r a i n i n g  requ i r ed  f o r  use dur ing  zero g must be kept  t o  a minimum. Th i s  
t ime f a c t o r  was t he  c r i t e r i o n  t h a t  had t o  be s a t i s f i e d  f o r  a proposed system 
t o  be acceptable f o r  cons idera t ion .  M a t e r i a l  c o m p a t i b i l i t y  was based on space 
a l l o c a t i o n  and s h e l f  l i f e .  Cer ta in  ma te r i a l s  which were no t  t e s t e d  would be 
s c r u t i n i z e d  based on outgassing cons iderat ions.  (F igure  3-12) 

3.4.5 Non-Functional ( I n t e r f a c e )  

Th is  category  concerns i t s e l f  w i t h  t h e  phys ica l  environment and cost .  The 
veh i c l e  has been designed, a system has been designed t o  f u n c t i o n  w i t h i n  t h e  
conf ines of t h i s  design. E l e c t r i c  power, weight,  volume and cos t  have a l ready  
been a l l o c a t e d  t o  a s i g n i f i c a n t  degree. The purpose of t h i s  category  f o r  
eva lua t i on  was t o  consider any proposed concept w i t h i n  t he  design 1 i m i t a t i o n s  
of the c u r r e n t  system. I f  a system were accepted from those proposed i t  would 
be r e t r o f i t a b l e .  These c r i t e r i a  and t h e  r a t i n g s  t he reo f  are o f  extreme 
importance. (F igure  3-13) 

3.4.6 Space S t a t i o n  

The system proposed must meet the  man-day requirements t o  be acceptable. 
There i s  t o  be no overboard dump (based on a NASA i n p u t )  and r e q u i r e s  minimal 
on board se rv ic ing .  S t a t i o n  i n t e r f a c e s  and v e r s a t i l i t y  a re  o f  secondary 
importance, once t h e  system i s  considered c o n d i t i o n a l l y  acceptable f o r  space 
s t a t i o n  use. (F igure  3-14) 
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4.0 IMPROVED WASTE COLLECTION SYSTEM ( WCS) DESIGN CONCEPTS 

The f o l l o w i n g  design concepts have been developed t o  e l im ina te  problems and 
improve performance o f  t h e  o r i g i n a l  WCS s l  i nger  design and modi f  i c a t i a n s  
i n s t a l  l e d  on STS missions shown i n  paragraph 3.2. Based on these problems FRC 
developed the  design c r i t e r i a  and we-ighting f a c t o r s  shown i n  paragraph 3.4 f o r  
eva lua t i ng  and s e l e c t i n g  the  recommended optimum concept f o r  p o t e n t i a l  f o l  low- 
on development and t e s t i n g  on f u t u r e  S h u t t l e  O r b i t e r  missions. 

4.1 Shuttle WCS Design Concepts 

The conceptual s tud ies were accomplished i n  two phases, Phase one was t o  
es tab l  i sh design concepts t h a t  are usable on and s a t i s f y  Shu t t l e  requirements, 
F igure  4-1, and are adaptable t o  the Space S ta t ion .  The second phase was t o  
adapt t h e  S h u t t l e  design concepts w i t h  respect  t o  meeting Space S t a t i o n  
requirements. 

4.1.1 Fecal Col lect ion Bag Vacuum/Heat Drying Processes 

The Fecal  c o l l e c t i o n  bag Vacuum/Heat Dry ing  concept shown schemat ica l l y  i n  
F igure 4-2 incorporates f o u r  processes; c o l  l ec t i on ,  containment, deac t i va t i on  
and storage. The concept i s  based on t he  waste c o l l e c t i o n  syste,m t h a t  was 
designed f o r  and f lown on Skylab (Fig. 4-3). The new system w i l l  automate 
c l o s i n g  and sea l i ng  o f  t h e  Fecal c o l l e c t i o n  bag. 

4.1.1.1 Bag Collection System 

The system fea tu res  are summarized i n  F igure  4-4 and i t s  i n t e r f aces  f o r  
s h u t t l e  waste c o l l e c t i o n  func t ions  are shown i n  F igure  4-5. The system i s  
designed t o  u t i l i z e  and i n t e r f a c e  w i t h  the  e x i s t i n g  Shu t t l e  u r i n a l  system, f a n  
separators f o r  a i r f l o w  and odor con t ro l  system. 

The f e c a l  bag c o l l e c t i o n  design u t i l i z e s  d i r e c t i o n a l  a i r f l o w  as a g r a v i t y  
s u b s t i t u t e  as shown i n  F igure  4-6 t o  accomplish separat ion and entrainment o f  
feces. The seat o f  the  c o l l e c t o r  u n i t  conta ins a i r f l o w  j e t s  which d i r e c t  the  
a i r  f rom the  f a n  separator causing a d i r e c t i o n a l  f o r c e  t o  separate and c a r r y  
the bo lus i n t o  the bag. 

4.1.1.2 Collection Bag 

The bag i s  the  pr imary c o n t r o l  device f o r  waste containment as shown i n  F igure 
4-7. P r i o r  t o  each use, a bag w i l l  be placed i n  the  c o l l e c t i o n  u n i t .  The bag 
i s  designed t o  be he ld  i n  the c o l l e c t o r  a t  i t s  hinges by hinge p ins.  The 
hinge p ins  w i l l  ho ld  t he  bag i n  t he  open pos i t i on ,  and upon re lease  c lose  the  
bag. The open and closed shape o f  the bag i s  ass is ted  by a f i b e r g l a s s  spr ing  
c u f f .  Dur ing use, the  bag i s  maintained i n  t h e  plenum by  the  hinge p ins  and 
a i r f l o w  being drawn i n t o  the  bag. 

A f t e r  de feca t ion  and wiping, and i n s e r t i n g  t he  wipes i n  the bag, t h e  user w i l l  
ac tuate (by opening t he  seat door) the  c l o s i n g  and heat sea l i ng  o f  t he  bag f o r  
waste containinent as shown i n  F igure  4-8. To heat seal ,  t h e  system uses 
impulse heat sea l i ng  which heats and cools t he  heat jaws qu ick ly ,  p rec lud ing  
any temperature/heat p rob l  ems. 
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4.1.1.3 Vacuum Drying 
Once sea l i ng  i s  completed, the  bag can be manual ly taken from the c o l l e c t i o n  
u n i t  and placed i n  the vacuum/heat d r y i ng  chamber (F igure  4-9) f o r  
deac t i va t ion .  The chamber i s  vented t o  vacuum f o r  f reeze  d ry i ng  and heated t o  
increase the c a p a b i l i t y  t o  process o r  d r y  a the r  ma te r i a l s  such as vomitus, wet 
wipes, desicants,  e tc .  

The heat  i s  app l i ed  by a h o t  p la te .  It d r i e s  the waste by evaporat ion o f  the  
mois ture and vents the vapors through t he  bag i n t o  a discharge l i n e  and ou t  
i n t o  space. The t o t a l  processing t ime  requ i red  depends upon the. d r y i ng  
temperature used as p l o t t e d  i n  F igure 4-10. A t  each temperature, t h e  d r y i ng  
t ime i s  based upon the i n p u t  power requ i red  which accounts f o r  the  heat loss  
through the  chamber wa l l s  t o  a 700F cabin and t h e  l a t e n t  heat o f  vapo r i za t i on  
o f  t he  moisture.  The power l e v e l s  range f rom 70 t o  180 wat ts  and d r y i n g  
temperatures f rom 100 t o  1600F. With adequate i n s u l a t i o n  on the  chamber 
e x t e r i o r ,  no touch temperature problems would r e s u l t  du r i ng  processing. 
However, i f  the  processing temperature i s  h igher  than t he  human burn t h resho ld  
o f  1130F, the bag must be al lowed t o  cool  be fo re  removal from the chamber 
a f t e r  processing. From F igure  4-10, t he  opt imal  power/temperature/drying t ime 
combination can be determined t o  bes t  s a t i s f y  t h e  requirements o f  the  system. 

Once t h e  ma te r i a l  i s  deact ivated i t  i s  safe t o  handle and s t o r e  i n  a passive 
con ta iner  f o r  l ong  per iods o f  time. 

S h u t t l e  refurbishment w i  11 cons i s t  o f  emptying t he  used bags, supply ing unused 
bags and c lean ing  the u n i t  w i t h  a b ioc ide.  No veh i c l e  i n t e r f a c e  disconnects 
are necessary. 

4.1.1.4 System Use 

Figure 4-11 dep i c t s  an average t ime l i n e  f o r  crewman defecat ion. The 
f o l l o w i n g  are t h e  steps f o r  a cy lce:  

Prepare System f o r  Usage 
Prepare S e l f  f o r  Usage 
Switch on system blower 
Defecate, m i c tu ra te  
Dismount 
Open seat door - Actuates c l o s i n g  bag, blower shut down and bag 
seal i n g  . 
Remove bag and p lace i n  processor. 
Switch processor on. 
Place c lean  bag i n  c o l l e c t o r .  
Close seat  door 
Later,  remove processed bag from processov and place i n  passive 
storage. 

Each mechanism wi 11 have a separate ove r r i de  switch. The switches w i  11 o n l y  
be used f o r  t e s t  and i n  case o f  f a i l u r e .  
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During processing, t h e  microwave hea t ing  evaporates t h e  mo is tu re  i n  the  bag 
which then vents through t he  bag i n t o  a  discharge 1 i n e  and ou t  i n t o  space. 
The bag must be pos i t i oned  and secured p r o p e r l y  i n s i d e  t he  chamber For 
e f f e c t i v e  usage o f  DWP i n  zero g r a v i t y .  No touch temperature problems would 
be encountered on t h e  e x t e r i o r  o f  t h e  chamber du r i ng  processing. An i nsu la ted  
glove o r  a  w a i t - u n t i l - c o o l  approach must be used f o r  bag removal a f t e r  
processing. 

4.1.3 Cartridge Archidean Screw Fecal Collection, Vacuum Drying 

I n  t h i s  concept, F igure  4-14 t h e  w e l l  known p r i n c i p l e  o f  t h e  Archimedean screw 
i s  app l ied  t o  t r a n s p o r t  a i r  en t ra ined  f e c a l  waste t o  a  s p e c i f i c  s torage reg ion  
o f  t h e  c o l l e c t o r ,  compressing i t  t o  some ex ten t ,  and i n h i b i t i n g  i t s  back 
m ig ra t ion .  A motor d r i ven  screw i s  located below t he  seat opening w i t h  t he  
ax is  o f  t h e  screw a l igned  w i t h  t h e  ooening. A pe r fo ra ted  cy1 i n d r i c a l  she1 1 
surrounds t he  screw, and t h e  bottom 3 f  the screw i s  open t o  a  s torage reg ion.  
As t h e  screw ro ta tes ,  wastes are e i t h e r  squeezed through t h e  s h e l l  
p e r f o r a t i o n s  o r  a re  fo rced  t o  the  bottom storage reg ion.  An ou te r  c y l i n d r i c a l  
f i 1 t e r  permi ts  low pressure-drop a i r  f l o w  f o r  c o l l e c t i o n .  The components 
i n s i d e  the  pressure she l l ,  i n c l u d i n g  the  screw, p e r f o r a t e d  cy l inder ,  and 
f i l t e r  assembly, form a removal c a r t r i d g e  f o r  se rv ic ing .  The f ea tu res  o f  t h e  
system are shown i n  F igure  4-15 and the design concept i s  shown i n  F igure  4- 
16. 

4.1.3.1 Screw 

A view o f  the  i s o l a t e d  screw i s  shown i n  F i gu re  4-17. A s i n g l e  screw i s  
shown, b u t  i t  cou ld  be designed t o  have a double screw w i t h  t he  second screw 
o f f s e t  by 180 degrees. The screw i s  mod i f ied  by hav'ing t he  c e n t r a l  p o r t i o n  
hollowed-out a t  t h e  top.  Th is  opening i s  equal t o  t h e  seat opening a t  t he  
r e c e i v i n g  end and tapers  t o  a  s o l i d  screw toward t he  bottom. Th is  opening 
prov ides a d d i t i o n a l  pathways f o r  l ess  obs t ruc ted  a i r  f l ow,  and a lso  creates a  
longer  unobst ructed reg ion  f o r  t he  en te r i ng  f e c a l  bo lus w i thou t  bottoming. 
The screw i s  made o f  a  r e s i l i e n t  hydrophobic p l a t i c  t h a t  can t o l e r a t e  some 
deformat ion and r e s i s t  we t t ing .  Ro ta t ion  o f  t he  screw propels  the waste 
downward and outward. Dur ing c o l l e c t i o n  t h e  screw could  r o t a t e  s lowly ,  (20-30 
rpm). Inasmuch as the c e n t r a l  opening i s  l a rge  enough t o  ho ld  a  normal 
c o l l e c t i o n ,  t h e  screw cou ld  remain mot ion less du r i ng  c o l l e c t i o n  i f  t h e  
r o t a t i n g  screw cou ld  i n  any way be considered threaten ing.  Fol  l ow ing  
c o l l e c t i o n ,  and a f t e r  t h e  s l i d e  va lve a t  t h e  seat  i s  c losed, a  h i gh  speed 
r o t a t i o n  s a f e l y  c l e a r s  the  screw o f  waste. The screw i s  connected t o  the  
d r i v i n g  motor by  a s l i p - f i t  s p l i n e  connect ion which a l lows  t h e  c a r t r i d g e  t o  be 
removed l eav i ng  t h e  motor behind. 

4.1.3.2 Storage Region 

The s torage reg ion  cons is ts  of the space between t he  pe r f o ra ted  s h e l l  and t h e  
f i l t e r  assembly, and t h e  space below t he  screw. The screw and s h e l l  form a 
b a r r i e r  aga ins t  m ig ra t i on  o f  wastes from t h i s  reg ion.  Some waste w i l l  con tac t  
the f i l t e r ,  bu t  t h e  l a r g e  f i l t e r  area w i l l  p revent  degradat ion o f  a i r  f low.  
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4.1.3.3 F i l t e r  Assembly 

The f i l t e r  assembly consists o f  a c y l i n d r i c a l  bac te r i a  f i l t e r  suported by a 
porous foam backing, and s t r u c t u r a l  supports. The f i l t e r  assembly i s  the  on l y  
expendable i tem i n  the  co l l ec to r .  There i s  a space between the c o l l e c t o r  
pressure s h e l l  and t h e  f i l t e r  forming a plenum f o r  f l ow  t o  the  a i r  l i n e .  

4.1.3.4 Cartridge 

The ca r t r i dge  comprises the screw, per forated she1 1, the  f i l t e r  assembly, and 
support s t ruc tu re  as shown i n  Figure 4-17.1. It i s  intended t h a t  refurbishment 
between missions consis ts  o f  an exchange o f  car t r idges,  general clean-up, and 
t e s t .  When removed from the c o l l e c t o r  and capped a t  the entrance opening, the 
wastes are sealed and vented through the bac ter ia  f i l t e r .  The ca r t r i dge  i s  
t h e  only  component removed from the  Shutt le.  A f te r  clean-up and f i l t e r  
assembly rep1 acement, i t  i s  ready f o r  re-use. 

4.1.3.5 Operation 

Co l lec tor  operation, s t a r t i n g  from the col  l e c t o r  i n  the vacuum processing mode 
i s  as fo l lows.  User contro ls  c lose  the a i r  l i n e  t o  vacuum and pressur ize the 
c o l l e c t o r .  A f te r  the  blower i s  s ta r ted  and the s l i d e  valve a t  the seat i s  
opened, the c o l l e c t o r  i s  ready f o r  use. A f t e r  use, the s l i d e  valve i s  closed 
and the blower i s  shut down. The screw i s  now ro ta ted  a t  high speed t o  c lea r  
t h e  cent ra l  c o l l e c t i o n  region and t rans fer  the wastes t o  the  storage region. 
The c o l l e c t o r  i s  then reconnected t o  vacuum. 

4.1.3.6 Refurbishment 

Refurbishment i s  accomplished wi thout  major disassembly and wi thout  breaking 
any l ines .  Serv ic ing consists o f  loosening the band clamp hold ing the upper 
p o r t i o n  o f  t he  c o l l e c t o r  the f i x e d  lower po r t i on  and rep lac ing  the car t r idge.  
No other on-Shuttle tasks are requ i red  other than t e s t s  t o  assure proper 
reassembly o f  the c o l l e c t o r  upper port ion. Clean-up and refurbishment o f  the 
ca r t r i dge  are accompl ished o f f -Shut t le .  

4.1.4 Bladder Displacement Fecal Collect ion, Vacuum Dry ing 

The concept o f  the bladder displacement f e c a l  c o l l e c t o r  Figure 4-18 was 
proposed f o r  the o r i g i n a l  Shut t le  procurement and i s  presented now because i t  
i s  an approach f o r  deal ing w i th  the  problem o f  waste volume now evident  i n  
Shut t le .  The features o f  the system are shown i n  F igure 4-19. The major 
component i s  a elastomeric bladder which, w i t h  d i f f e r e n t i a l  a i r  yessu re ,  
p o s i t i v e l y  displaces and compresses wastes i n  the c o l l e c t o r  t o  2 torage 
region.  One-G tes ts  w i t h  prototype hardware (Figure 4-20) v e r i f i e d  the  
concept. 

Dur ing co l l ec t i on ,  a i r  entrained wastes enter the c o l l e c t o r  w i t h  the bladder 
i n  i t s  n a t u r a l l y  re t rac ted  state. A f te r  co l l ec t i on ,  the storage area i s  open 
t o  vacuum f o r  dry ing o f  feces, and the bladder, which has one atmosphere 
pressure on t h e  other s ide expands i n t o  the c o l l e c t o r  d isp lac ing  a l l  waste 
mat te r  against a course screen. (Figure 4-21) The pressure i s  s u f f i c i e n t  t o  
fo rce  the feces through the wipes and screen i n t o  a storage region. Wipes 
remain p r i m a r i l y  on the screen. On ac t i va t i on  o f  the system, the  c o l l e c t o r  i s  
brought up .to cabin pressure and the  bladder re t rac ts .  These steps are 
i l l u s t r a t e d  i n  Figure 4-22. 
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4.1.4.1 Bladder and Screen 

The bladder shape i s  hemispherical  F igure  4-23 when expanded against  t he  
hsmispherical  screen. I t  i s  heavy enough t o  r e s i s t  deformat ion a t  t h e  screen 
pores whi l e  accommodating i r r e g u l a r l y  shaped wastes throughout the c ~ l  l e c t o r .  
Re t rac t i on  from the  vacuum-frozen waste has no t  been a problem. The bladder 
i s  i n i t i a l l y  expanded by t he  small d i f f e r e n t i a l  pressure created by t he  fan-  
separator when t h e  seat va lve  i s  closed. Thus when the  system i s  opened t o  
vacuum, the  o n l y  a i r  l o s t  i s  t h a t  between t he  screen and ou te r  pressure she1 1. 

4.1.4.2 Filter Assembly 

The f i l t e r  assembly i s  a l so  hemispherical. I t  i s  loca ted  j u s t  i n s i d e  the  
pressure s h e l l  forming a shal low a i r  plenum w:ween t h e  s h e l l  and f i l t e r ,  and 
a deeper waste storage r e g i o n  between the  f i l t e r  and the  screen. The f i l t e r  
area i s  l a rge  enough t o  t o l e r a t e  l a rge  areas o f  obs t ruc t ion .  

A t  m iss ion  end t he  WCS i s  removed f rom Shu t t l e  and rep laced by a c lean u n i t .  
The WCS i s  r e fu rb i shed  by f l u s h i n g  and c lean ing  t he  components o ther  than t he  
f i l t e r  assembly, which i s  replaced. 

4.1.5 Cartridge Compactor Fecal Collection, Varuurn 3rying 

  he c a r t r i d g e  compactor f e c a l  c o l l e c t o r  F igur  fl ddresses two l i m i t a t i o n s  
o f  the bladder system: i t  rep laces t he  bladder, h i c h  might be a source o f  
f a i l u r e ,  w i t h  a meta l -be l lohs sealed piston; and i t  provides a removable 
c a r t r i d g e  con ta in ing  t he  sealed wastes and a l l  contaminated p a r t s  so t h a t  
System refurbishment can be performed rapid1.y on-Shutt le.  The fea tu res  o f  the 
system a re  shown i n  F igure  4-25. 

F igure 4-26 dep ic ts  the system design concept. Wastes are t ranspor ted  by a i r  
f l ow  i r r t o  the c o l l e c t o r .  A f t e r  use the  seat opening i s  valved o f f ,  and t he  
co l lec i ,o r  i s  open t o  vacuum. The p i s t o n  which i s  open on one s ide  t o  cabin 
a i r  i s  f o r ced  by d i f f e r e n t i a l  pressure i n t o  the c y l i n d r i c a l  c o l l e c t o r  basket. 
The wastes are f o r ced  e i t h e r  down o r  through the  per fo ra ted  s ides o f  the 
basket. Most wipes would c o l l e c t  i n  the  bottom o f  the  basket. The feces 
would c o l l e c t  i n  the basket bottom o r  i n  the t o r o i d a l  storage reg ion  between 
the basket and t h e  f i l t e r  assembly. The p i s t o n  assembly, c o l l e c t o r  basket, 
a i r  f i l t e r  and support s h e l l  together form the  rep laceable c a r t r i d g e  F igure  4- 
27 and 4-28. Th is  system w i l l  accommodate a l a rge  v a r i e t y  o f  wastes w i thou t  
d i f f i c u l t y .  
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4.1.5.1 Bel lows/Pis ton Assembly 

The s tee l  bel lows i s  a  standard o f f - t he -she l f  i tem which i s  at tached t o  the  
r e a r  face  o f  the  p i s ton .  The p i s t o n  has a  face area o f  90 square inches 
which, when the c o l l e c t o r  i s  evacuated, exe r t s  a  n e t  f o r c e  o f  over 1000 pounds 
as the p i s t o n  i s  d r i ven  i n t o  t he  basket. The face  o f  the  p i s t o n  i s  t e f l o n  
coated t o  minimize problems of f r eez ing  i n  the  extended pos i t i on .  If t e s t s  
show t h a t  freeze-up may occur, placement o f  a  hea t ing  element on t he  back face  
o f  the p i s t o n  w i l l  me l t  the i c e  a t  the i n t e r f a c e  o f  the waste and p i s ton .  The 
heater would r e q u i r e  a  low power l e v e l  and would no t  have t o  be on 
cont inuously ,  The heater would au tomat ica l l y  t u r n  on when the  c o l l e c t o r  i s  
re -p ressur ized  f o r  t h e  next use. The p i s t o n  face  shape i s  s l i g h t l y  convex t o  
d i r e c t  wastes r a d i a l l y  as the p i s t o n  i s  ac t i va ted .  Three r e t r a c t i o n  spr ings 
attached t o  the  be l lows face r e t u r n  the  bel lows and p i s t o n  w i t h  a  f o r c e  o f  300 
pounds when the c o l l e c t o r  i s  pressur ized. I n  t he  r e t r a c t e d  pos i t i on ,  a  l a rge  
open volume i s  created f o r  waste c o l l e c t i o n .  As wastes b u i l d  up i n  t he  
basket, t h e  p i s ton  s t roke  decreases. 

4.1.5.2 Collector Basket 

The c o l l e c t o r  basket F igure 4-29 forms the bottom o f  the c a r t r i d g e  and has a  
s o l i d  bottom. The t h i n  per fo ra ted  sides w i l l  deform1 t o  accommodate t h e  moving 
p is ton .  The a v a i l a b l e  c o l l e c t i o n  volume i n  t he  basket i s  about one cubic  
f o o t .  Th i s  i s  equ iva len t  t o  t h e  undr ied compressed volume o f  a  210 man-day 
mission. An equiva lent  volume i s  ava i l ab le  i n  the  storage reg ion  between the 
basket and a i r  f i l t e r .  If the  storage tequirement were decreased, say t o  60 
man-days, t h e  c o l l e c t o r  basket and ca r t r i dge  cou ld  be decreased i n  leng th  and 
diameter. Note t h a t  the volume reduc t ion  would be p r o p o r t i o n a l l y  l ess  than 
t he  capac i t y  reduc t ion  because o f  the nea r l y  constant  non-storage volume. On 
t h e  other hand the capac i ty  could be scaled upwards w i t h  smal ler p ropo r t i ona l  
change i n  volume. 

4.1.5.3 F i l t e r  Assembly 

The c y l i n d r i c a l  f i l t e r  i s  supported by a  porous p l a s t i c  foam and a  r i g i d  
per fo ra ted  s h e l l  and forms t h e  ou te r  w a l l  o f  t he  t o r o i d a l  storage reg ion.  The 
f i l t e r  area i s  f o u r  square f e e t ,  and so can t o l e r a t e  l a rge  q u a n t i t i e s  o f  waste 
i n  contact w i t h  i t  wi thou t  s i g n i f i c a n t  a i r  f l ow  degradation. The space 
between t h e  f i l t e r  and c a r t r i d g e  s h e l l  forms an a i r  plenum and a i r  f l ows  ou t  
through openings i n  the  bottom c a r t r i d g e  p la te .  The f i l t e r  i s  t he  o n l y  
expendable p a r t  o f  the  ca r t r i dge .  A f t e r  clean-up o f f  - shu t t l e ,  t he  c a r t r i d g e  
i s  r e fu rb i shed  w i t h  a  new f i l t e r .  
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4.1.5.4 Operation 

With t h e  system i n  the vacuum processing mode, user operated con t ro l s  swi tch 
the c o l l e c t o r  exhaust l i n e  from vacuum t o  cabin a i r  and the c o l l e c t o r  i s  
repressurized. The piston, which was i n  the  extended pos i t ion ,  now re turns  t o  
i t s  compressed pos i t i on  by the ac t i on  on the  r e t r a c t o r  springs. The blower i s  
s ta r ted  and the seat s l i d e  valve opened and the c o l l e c t o r  i s  ready fo r  use. 
Afrer  use, operator contro ls  close the  seat opening valve, shut o f f  the 
blower, and connect the c o l l e c t o r  t o  vacuum. The p i s ton  now extends and 
compacts waste i n  the  storage region, where i t remains dur ing the processing. 
A manually operated screw attached t o  the back o f  the p i s ton  face and passing 
through the  i n t e r i o r  o f  the bellows t o  the f r o n t  o f  the c o l l e c t o r  could be 
used t o  r e t r a c t  o r  extend the p is ton  i n  the event o f  an obstruct ion.  

4.1.5.5 Refurbishment 

Refurbishment i s  accomplished qu ick ly  on-shutt l e  wi thout  major disassembly o r  
breaking o f  l ines .  It i s  o n l y  necessary t o  replace the used ca r t r i dge  w i t h  a 
clean one, conduct a super f i c i a l  clean-up, and t e s t  the system. A11 waste and 
contaminated surfa.ces are contained and sealed (by the bac ter ia  f i l t e r )  i n  the  
car t r idge.  

The ca r t r i dge  change procedure i s  as fo l lows:  

Loosen the band clamp hold ing the ca r t r i dge  i n  the c o l l e c t o r  vacuum she l l .  

The t ranspor t  tube connecting the seat t o  the c o l l e c t o r  f i t s  i n t o  an opening 
i n  the car t r idge.  Raise the  seat and remove the  t ranspor t  tube from the 
opening f r e e i n g  the  car t r idge.  I nse r t  a snap-on cap i n  the ca r t r i dge  opening 
t o  complete the sea l ing  o f  the car t r idge.  

Rep1 ace the car t r idge.  
Close band clamp. 

4.2 Space Sta t ion  WCS Design Concepts 

This second phase o f  the studies was t o  adapt the Shut t le  design concepts t o  
Space S t a t i o n  Design Concepts, by addressing requirements which would not be 
the same. Figure 4-30 i s  a 1 i s t  o f  design concepts developed dur ing the study 
which would s a t i s f y  p re l im inary  space s t a t i o n  requirements shown and discussed 
i n  paragraph 3.4.6. Figure 4-31 depicts  the WCS in ter faces f o r  Space Sta t ion  
waste co1 l e c t i o n .  

4.2.1 Fecal Co l lec t i on  Bag/Micronave S t e r i l i z a t i o n  

The Microwave S t e r i l i z a t i o n  System i s  s i m i l a r  t o  the  Microwave 
S t e r i  1 i za t i on lD ry ing  System described i n  paragraph 4.1.2 except i n a c t i v a t i o n  
i s  accomplished by s t e r i l i z a t i o n  w i th  microwave heat ing i n  l i e u  o f  vacuum 
dry ing  u t i  1 i zing microwave heat ing and vent ing overboard. The system features 
are summarized i n  F igure 4-32 and a system schematic i s  shown i n  Figure 4- 
32.1. 
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4.2.1.1 Micr:~~wave Sterilization/Collection Bag 

The microwave system concept f o r  the  space s h u t t l e  i s  appl icable t o  a space 
s ta t fon  w i th  the  exception t h a t  the vapors produced dur ing processing cannot 
be discharged overboard. The gases and vapors must be retained. e i t h e r  i n  the 
bag o r  i n  the cabin a i r .  Using a vented bag as i n  the s h u t t l e  concept, the 
gases released dur ing processing must be deodorized and a l l  vapors removed 
before being vented i n t o  the cabi r~ a i r .  This requi res the add i t i on  o f  an odor 
f i l t e r  and a dehumidifier/condenser t o  the system as shown f n  F igure 4-33. 
Another approach would be t o  use a non-vented bag whereby a l l  the gases 
produced dur ing s t e r i l i z a t i o n  are he ld  i n  the bag. The bag must then be 
designed t o  a l low f o r  expansion and the processing chamber and storage area 
must be sized t o  al low f o r  the increased-size bags. During s t e r i l i z a t i o n ,  the 
non-vented bag w i l l  increase i n  volume as the vapors and gases are produced. 
As the bag cools a f t e r  processing, the  vapors w i l l  reach t h e i r  dew p o i n t  and 
recondense, decreasing the volume somewhat, bu t  no t  back t o  i t s  o r i g i n a l  
volume a t  pre-processing. No vapor/odor cont ro ls  i s  needed dur ing processing 
w i th  a non-vented bag. Power requirements fo r  the microwave processing system 
do not  change f o r  the space s t a t i o n  system and remain a t  1100 watts. 

4.2.2 Fecal Col l e c t i a n  Bag/Convection Oven S t e r i l i z a t i o n  System 

The Convection Oven S t e r i l i z a t i o n  System i s  s i m i l a r  t o  the Microwave System 
described i n  paragraph 4.2.1 except f o r  u t i l i z a t i o n  o f  a ccnvection oven i n  
1 ieu o f  a Microwave oven f o r  s t s r i l  i za t ion .  The systen f ia tures are shown i n  
Figure 4 ~ 3 4  and a system schematic i s  shown i n  Figure 4-35. 

4.2.2.1 Convection Oven Sterilization/Collection Bag 

Cc~u+?ct ion ovens use a blower t o  c i r c u l a t e  hot a i r  i n  the chamber and t o  apply 
uniform heat d i s t r i b u t i o n .  The forced convective heat t rans fe r  i s  a desi rable 
fea ture  f o r  heat ing i n  zero g r a v i t y  operat ion. Commercial a i r l i n e s  as we l l  as 
the space s h u t t l e  a t  present use convection ovens f o r  food preparat ion. For 
space s t a t i o n  app l i ca t i on  w i t h  no overboard dump, the c i r cu la ted  a i r  i n  the 
oven and gases vented from the bag must be deodorized and dehumidif ied before 
c i r c u l a t i n g  i n t o  the cabin as shown i n  Figure 4-36.. 

Desired temperatures f o r  s t e r i l i z a t i o n  are 2500F and above w i t h  a hold ing t ime 
of ten minutes ( r e f  1 ) .  Power requirements and hold ing time can be traded o f f  
as shown i n  F igure 4-37 f o r  a temperature o f  2500F. The power demand accounts 
f o r  the heat absorbed b j  the  evaporating moisture i n  the bag p lus  the  heat 
loss t o  a 700F cabin through the oven wal ls.  Pre-heat t ime t o  ob ta in  2500F 
w i l l  be 5 t o  10 minutes depending upon the power leve l .  This ranges from 500 
t o  1200 watts f o r  hold ing times o f  20 t o  5 minutes, respect ive ly .  The optimal 
temperature/power/time combination should be selected t o  best s a t i s f y  t he  
requirements o f  the system. 
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4.2.3 Freezer Processing/Col lection Bag System 

The Freezer Processing System f o r  c o l l e c t i o n  bags i s  s i m i l a r  t o  t he  Fecal 
C o l l e c t i o n  Bag Vaccum/Heat Dry ing Process System descr ibed i n  paragraph 4.1.1 
except i t  u t i l i z e s  f r e e z i n g  f o r  bac te r i a l / odo r  d e a c t i v a t i o n  i n  l i e u  o f  
vacuum/heat d ry ing .  The c o l  l e c t i o n  bag and a i r f l o w  c o l  l e c t i o n  system are  
i d e n t i c a l  as descr ibed i n  paragraph 4.1.1.1. F igure  4-38 summarizes the  
fea tu res  o f  t he  system, F i gu re  4-39 dep ic ts  t h e  system i n t e r f a c e s  f o r  Space 
S t a t i o n  Waste c o l l e c t i o n  and a system schematic i s  shown i n  F i gu re  4-40. 

4.2.3.1 Freezer Processor/Col lection Bag 

Power requ i rements f o r  a c o l  1  e c t  i on bag/freezer processor va ry  accord ing t o  
t h e  man-day s i z i n g  requirement f o r  f reezer  storage. F igure  4-41 shows t h e  
e l e c t r i c a l  power f o r  a  cryogenic  r e f r i g e r a t i o n  c y c l e  f o r  var ious man-day 
requirements.  The 50 t o  540 man-day requirements show an 80 t o  150 wa t t s  
power demand, r espec t i ve l y .  These are based on a f r eeze r  temperature o f  OoF 
a t  which t h e  r e t a r d a t i o n  o f  t he  b i o l o g i c a l  a c t i v i t y  i s  maximum (Ref 1).  The 
power requirements are based on t he  con t inua l  r e j e c t i o n  o f  the heat 
t r a n s f e r r e d  through t h e  f r eeze r  w a l l s  f rom a 700F cabin  and a t r a n s i e n t  heat  
l oad  t o  coo l  and f r eeze  one bag f rom each o f  6 crew members per day f rom 
98.60F. As t h e  f r eeze r  must operate cont inuous ly ,  t h e  dominat ing f a c t o r  i n  
t h e  power demand i s  the  heat t r a n s f e r r e d  from the  cab in  through the  chamber 
wa l l s .  Opt ions t o  reduce t he  cabin  heat load, such as evacuated super- 
i n s u l a t o r  panels, should be i nves t i ga ted  t o  reduce t he  power demand. 

References 

1) ' SAE Aerospace Appl i e d  Thermodynamics Manual, 2nd ed., Soc ie ty  o f  
Automotive Engineers, pub., NY, 1969. 

4.2.4 Cartridge Archimedean Screw Fecal Collection, Refrigeration/Freezer 
Storage 

S ing le  c o i  l e c t i o n  systems such as bag c o l  l e c t o r s  do not, i n  general ,  have 
temporary ho ld i ng  requirements be fo re  permanent t reatment.  With m u l t i p l e  
c o l l e c t i o n  systems such as t h i s ,  t h e  waste must be s t a b i l i z e d  i n  some way t o  
prevent  undes i rab le  b a c t e r i a l  growth and odor generat ion which may over load 
t h e  odor c o n t r o l  f i l t e r .  I t may be t h a t  i f  the mo is tu re  content  were no t  
g rea t  t h a t  b a c t e r i a l  growth w i l l  be s e l f - 1  im i  t i n g .  However, i t  seems prudent  
t o  prov ide some i n h i b i t i o n .  Low c o l l e c t o r  temperature seems the  most 
p r a c t i c a l  approach. 

Temperature r educ t i on  be1 ow f r e e z i n g  w i t hou t  d r y i n g  was deemed inadv isab le  
because o f  t h e  p o s s i b i l i t y  o f  a  screw freeze-up. Hold ing t h e  temperature 
above f r e e z i n g  however may p rov ide  o n l y  a  l i m i t e d  ho ld i ng  t ime. An est imated 
sa fe  ho ld i ng  t ime o f  one week a t  35-40 degrees F was made by a m i c r o b i o l o g i c a l  
consu l tan t .  A t  t he  end o f  t h i s  t ime  t he  c a r t r i d g e  would be removed and p laced 
i n  a  f r eeze r  f o r  s torage u n t i l  re tu rned  t o  Ear th  by a  re -supp ly  sh ip .  C l e a r l y  
t h e  safe h o l d i n g  t ime  must be i nves t i ga ted  because o f  the  impact on s e r v i c i n g  
t imes and c a r t r i d g e  inven to ry .  I n  the  d iscuss ion  which fo l lows ,  one week 
replacement o f  the c a r t r i d g e  was assumed. I f  one week ho ld i ng  proves t oo  
conservat ive,  m u l t i p l e  c o l l e c t i o n  u n i t s  become more a t t r a c t i v e .  
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The c o l l e c t o r  system i s  b a s i c a l l y  the same as t h a t  described prev ious ly  i n  
sect ion 4.1.3 w i th  the exception o f  the cool ing p rov i s ion  and re-s iz ing .  Only 
these d i f ferences are discussed here. Figure 4-42 summari zes the features of 
t h i s  system. 

Power requirements f o r  use on a  space s t a t i o n  design are f o r ,  

1) Re f r i ge ra t i ng  the c o l l e c t o r  t o  40OF t o  ho ld  the current  c o l l e c t i o n  
ca r t r i dge  up t o  one week when a  empty ca r t r i dge  i s  inserted. The 
c h i  11 i ng  e f fec t  slows down bac te r i a l  growth. 

2 )  Freezing the used ca r t r i dge  i n  a  OoF f reezer  f o r  f i n a l  processing. 

4.2.4.1 Cool ing requirements 

Cooling can be provided e i t h e r  by the Space S ta t i on  cool ing loop o r  a 
dedicated r e f r i g e r a t i o n  system and requires approximately 50 watts power. The 
cool ing c o i l s  would i n  e i t h e r  case be wrapped around the outside surface o f  
t h e  f i xed  p a r t  of the c o l l e c t o r  vessel. I nsu la t i on  around the c o i l s  would be 
provided. Heat t rans fer  from the waste t o  the c o l l e c t o r  wa l l  would occur by 
r a d i a t i o n  and conduction. 

Re f r i ge ra t i on  power requirements f o r  the c o l l e c t o r  are on the order o f  50 
wat ts  based on a  cryogenic r e f r i g e r a t i o n  cyc le  t o  hold the c o l l e c t o r  ca r t r i dge  
a t  400F. However, due t o  the low cool ing requirements t o  mainta in 400F the 
c o l l e c t o r  may be t i e d  i n t o  the space vehic le coo l ing  load and e l im ina te  t h e  
need f o r  a  separate cool ing system. The peak coo l ing  load on the co1 l e c t o r  
occurs dur ing  c o l l e c t i o n  when warm 700F cabin a i r  passes through the u n i t  t o  
a i d  i n  c o l l e c t i o n  and f resh  waste mater ia l  i s  added a t  body temperature 
(98.60F). A dehumidif ier i s  requ i red  f o r  the cabin a i r  enter ing c o l l e c t o r  so 
t h a t  no water condenses i n  the cool co l l ec to r .  A dehumidif ier and odor 
con t ro l  are requi red f o r  a i r  being rec i r cu la ted  from the c o l l e c t a r  back t o  the 
cab in  f o r  water picked up i n  the c o l l e c t o r  and odorous gases, respect ive ly .  

4.2.4.2 Cartridge Size 

Based on a  s i x  man crew and a  one week replacement cycle, the  ca r t r i dge  was 
s ized f o r  50 man-days. This r e s u l t s  i n  a reduct ion o f  the ca r t r i dge  diameter 
f rom 18 inches t o  13 inches. 

4.2.4.3 Freezer Storage 

The freezer F igure 4-43, processor which i s  sized t o  hold a  maximum o f  12 
car t r idges,  requi res 300 watts peak power t o  mainta in a  OoF processing 
temperature. Due t o  higher coo l ing  requirements than the r e f r i g e r a t o r  system, 
a  separate cryogenic system must be used f o r  cool ing. The peak power i s  based 
on the r e j e c t i o n  o f  heat obtained through the f reezer  wa l ls  from a  700F cabin 
and the t rans ien t  heat load t o  cool and freeze a  f i l l e d  ca r t r i dge  ( w i t h  60 
man-days o f  waste) from 400F t o  OOF. Inasmuch as the ca r t r i dge  seals the 
w3ste contents, i t  may be feas ib le  t o  consider sharing a  f reezer  w i t h  
expendable suppl ies which are consumed a t  a  r a t e  equal t o  or  greater than the 
ca r t r i dge  accumul at ion. 
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4.2.4.4 Electrical Power 

According t o  r e f s  2) and 3), t h e  present  opera t iona l  power l e v e l  o f  t he  space 
s t a t i o n  as p r s j ec ted  f o r  design i s  65KW b u t  f u t u r e  requirements may push t h a t  
t o  1bQ-300 KW. Thus f o r  t he  present  fo recas t ,  t h e  WMS systems as proposed f o r  
the  space s t a t i o n  ( w i t h  power demand rang ing  f rom 80 t o  1200 wa t t s )  would t ap  
under 2  percent  o f  the  t o t a l  power t o  operate. If s t a t i o n  power increase, 
t h i s  cou ld  drop t o  under 1 percent.  Therefore, t he  power l e v e l s  as proposed 
are w i t h i n  reasonable l i m i t s  of a c c e p t a b i l i t y .  

Reference : 
2) C a r l i s l e ,  Richard F., "Space s t a t i o n :  tehnology development8', 

Aerospace America (September 1984), pp 60-66. 

3) Baer , Tony "Space S ta t  i o n  Thermal Cont ro l  " Mechanical Eng ineer ing  
(December 1984) pp. 22-33. 

4.2.5 Cartridge Compactor Fecal Col lect ion, Refrigerat ionlFreeter Storage 

The c a r t r i d g e  compactor c o l l e c t o r  proposed f o r  S h u t t l e  use i n  sec t i on  4.1.5 
can be mod i f i ed  f o r  Space S t a t i o n  i n  an ar~alogous way t o  the Archimedean screw 
m o d i f i c a t i o n  i n  sec t i on  4.2.4, w i t h  t h e  same c o o l i n g  power requirements. 
There i s ,  however, t h e  a d d i t i o n a l  requirement t o  supply a d r i v i n g  f o r c e  f o r  
the p i s t o n  since t h e  d i f f e r e n t i a l  pressure created by ven t ing  t he  c o l l e c t o r  t o  
space i s  no t  now ava i l ab l e .  Th is  can be done e i t h e r  by a  smal l  mechanical 
pump evacuat ing t h e  c o l l e c t o r  t o  t he  cab in  through t h e  odor c o n t r o l  f i l t e r  and 
c r e a t i n g  almost an equ iva len t  d i f f e r e n t i a l  pressure, o r  by t h e  a d d i t i o n  o f  an 
e l e c t r i c  motor screw d r i ve .  F igure  4-44 summarizes t he  f ea tu re  o f  t h e  system. 

The r e s i z e d  compactor c a r t r i d g e  i s  reduced from 21.5 inches i n  diameter t o  
13.5 inches. The s torage f reezer ,  F i gu re  4-45 has a 29 cub ic  f o o t  c a p a c i t y  
f o r  the  resupp ly  c y c l e  storage. 

4.2.6 Fecal Collection, Biological Inactivation and Storage 

There a re  e x i s t i n g  commercial ly a v a i l a b l e  t o i l e t  systems f o r  spec ia l  
circumstances such as r e c r e a t i o n a l  veh ic les ,  where, because e i t h e r  water i s  
scarce o r  dumping i s  no t  f e a s i b l e ,  the systems a re  s e l f  contained and a  smal l  
water supp ly  i s  r e c i r c u l a t e d .  These systems operate  f o r  extended per iods  
wi thout  problems. Th is  i s  accomplished by t h e  i n a c t i v a t i o n  and d i g e s t i o n  o f  
t he  wastes i n  a  water mediuni by added bacber ia  and enzymes. The aerob ic  
d i ges t i on  conver ts  most o f  t h e  wastes t o  water and carbon d i ox i de  w i t hou t  
great odor generat ion and w i t hou t  a  s i g n i f i c a n t  pathogen popula t ion.  There ,is 
a very smal l  s o l i d  res idue.  Such a  system can operate almost i n d e f i n i t e l y  
w i t h  p e r i o d i c  removal o f  excess f l u i d .  
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The adap ta t ion  o f  t he  b i o l o g i c a l  t o i l e t  t o  Space S t a t i o n  i s  a t t r a c t i v e  f o r  t h e  
f o l l o w i n g  reasons: 

Few expendable resources are requi red.  

It accepts o the r  organic  wastes which m igh t  c rea te  odors. 

A i r  f l o w  cannot be degraded by f i l t e r  load ing.  

Large storage volumes a re  no t  requ i red .  

Waste storage does no t  r e q u i r e  power. 

It has the p o t e n t i a l  f o r  r ecyc l i ng .  

To adapt the b i o l o g i c a l  t o i l e t  f o r  zero-G Space S t a t i o n  use, i t  i s  necessary 
t o  handle the two-phase system t o  permi t  a i r  f l o w  through t h e  system, and t o  
prov ide f o r  vent ing.  If Space S t a t i o n  were t o  operate  a t  a r t i f i c i a l  g r a v i t y ,  
such a system would be a l ead ing  candidate. F i gu re  4-46 summarizes t he  
fea tu res  o f  the system and F igure  4-47 dep ic ts  the  WCS i n t e r f aces .  

The separat ion o f  t h e  waste s l u r r y  f rom a i r  i s  done c e n t r i f u g a l l y .  F igure  4- 
48 shows a system schematic i n  which a set  o f  paddles i n  t he  c o l l e c t o r  s h e l l  
are s l ow l y  r o t a t e d  and sweep t he  c o l l e c t o r  volume f o r c i n g  t h e  f l u i d  t o  t h e  
c o l l e c t o r  wa l l .  When f l u i d  f l o w  i s  estab l ished,  va lves a t  t he  seat  opening 
and a t  t h e  a i r  e x i t  l i n e  a re  opened and a i r  f o r  feces c o l l e c t i o n  can f l o w  
through t h e  c e n t r a l  a i r  space o f  t h e  c o l l e c t o r .  A f t e r  co l ' l ec t ion ,  t h e  valves 
are c losed, the  r o t a t i o n  o f  t he  paddles i s  stopped, and t h e  l i q u i d  i s  f r e e  t o  
m ig ra te  throughout the  c o l l e c t o r  p resen t ing  a  l a r g e  sur face  area f o r  aerob ic  
d iges t ion .  

4.2.6.1 System Description 

The WCS seat i s  mounted on-axis over a  c y l i n d r i c a l  c o l l e c t o r  she1 1. A s l i d e  
valve j u s t  below t h e  seat, and a va lve  near t h e  center  o f  the  bottom face  a t  
the  exhaust pipe i s o l a t e  t he  contents o f  the c o l l e c t o r .  I n i t i a l l y  the  
c o l l e c t o r  conta ins a  small charge o f  water. Dur ing c o l l e c t i o n s  a  s l u r r y  o f  
feces wipes, and o the r  organic  wastes i s  formed. Weekly add i t i ons  o f  a  packet 
o f  f reeze-d r ied  m i x tu re  o f  b a c t e r i a  and enzymes a re  made by the  crew. The 
paddle assembly i s  d r i ven  by a  motor mounted below t h e  c o l l e c t o r  bottom face. 
The exhaust a i r  goes t o  t h e  u r i n e  fan-separator,  through an odor -con t ro l  
f i l t e r ,  and back t o  the cabin.  Excess f l u i d  can be b l ed  o f f  through a 1  i n e  a t  
the cen te r  o f  the  c o l l e c t o r  c y l i n d e r  wh i l e  t h e  paddles are operat ing.  

4.2.6.2 Paddle Assembly 

The paddle assembly i n  F i gu re  4-48 i s  shown w i t h  t h r e e  blades. Th is  m igh t  i n  
f a c t  be f o u r  o r  more blades. Each b lade extends r a d i a l l y  c lose  t o  t h e  
c y l i n d e r  wa l l .  The lower p o r t i o n  i s  continuous t o  t h e  c e n t r a l  a x i s  and wipes 
the  bottom face c l e a r  so t h a t  no m a t e r i a l  remains near t h e  exhaust valve. The 
upper p o r t i o n  o f  t he  blades i s  hollowed a t  t h e  cen te r  t o  c rea te  an 
unobstructed c o l  l e c t i o n  r eg ion .  
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Air entra ined waste f lows through the cent ra l  reg ion  o f  the paddle assembly. 
A b a f f l e  i s  requi red t o  prevent anything but a i r  passing through the  e x i t .  
Conical b a f f l e s  are shown. The b a f f l e  would e i t h e r  d i r e c t  waste t o  the 
c o l l e c t o r  wa l l  or  hold i t  dur ing co l lec t ion .  Subsequent random f l u i d  
i n t e r a c t i o n  when paddl ing ceases w i l l  f l u i d i z e  the  waste which then eventua l ly  
jo ins  the f l u i d  volume. To guarantee l i q u i d - s o l i d  and a i r  separation, small 
radius continuous cones can a l te rna te  w i th  cones which extend t o  the  water 
layer  but  have a cent ra l  opening, 

4.2.6.3 Operation 

To prepare the c o l l e c t o r  use, the paddles are s lowly ro ta ted  t o  impart 
s u f f i c i e n t  momentum t o  the f l u i d  i n  t h e i r  path t o  maintain a c i r c u l a r  f l ow  
around the  wa l ls  wi thout  breaking up che f l u i d  mass. A hollow core i s  soon 
formed and t!te valves may be spened f o r  a i r  f l ow  and c o l l e c t o r  use. Fol lowing 
co l l ec t i on ,  the c o l l e c t o r  i s  valved o f f  and the a i r  f l ow  stopped. 

During the  d iges t ion  process gas i s  generated and the pressure bu i ldup must be 
re1  ieved. Again i t  i s  necessary t o  separate the s l u r r y  by use o f  the paddles 
so tha t  excess gas can be b led  o f f  from the cent ra l  region. I n  t h i s  case i t  
i s  not necessary t o  ac t i va te  t?e fan. This vent ing w i l l  be performed 
automatical 1 y as required. 

The concept o f  a 1 i q u i d  WCS w i l l  requ i re  experimental v e r i f i c a t i o n  t o  
demonstrate tha t  two phase systems can be adequately handled. Such experience 
however would probably prove o f  value t o  other systems t h a t  may be proposed 
f o r  Space Stat ion. 



1 

I ISZ~~:V~OCZ 
11 DECEMBER 1984 

m 
FAtRCHILD 

I I C P V ~ L , ~ -  r ' o r * ~ a ~ v  

SPACE STAT1 Oil 
CARTRIDGE COMPACTOR FECAL COLLECT I ON SYSTEM 

REFRIGERATIONIFREEZER STORAGE 

o I NTERFACE WITH SUBSYSTEMS o SPACE EFFICIENT 

- URINAL o SHORT TERM REFRIGERATION HOLDING 

Z 
- FAN/SEPARATORS - ELECTRICAL POWER 50 WATTS 

cP 
c - BLOWER a 4ooF 
7 m 
P 
t - ODOR CONTROL o FREEZER LONG TERM STORAGE 
-P 
P o AIRFLOW FOR SEPARATION AND TRANSPORT - ELECTRICAL POWER 300 WATTS 

o LARGE FILTER AREA 
a OOF 

o PISTON COMPACTION 
o STATION SERVI CAELE 

o ACCEPTS VARIETY OF IjASTES 
- CARTRIDGE REPLACEMENT 

- WET WIPES 
- SPUTTLE RESUPPLY/DISPOSAL. 

i 

WASTE MANAGEMENT SYSTEM 



SPACE STATION 
CARTRIDGE COMPACTOR FECAL COLLECTION SYSTEM 

I m 
FAIRCHILD 

m n r a m t  r e -  r - e u u u l r r  

FREEZER STORAGE REQUIREMENTS 

CART. 50 MID REFRIG. 
(FREEZER STORAGE) 

WASTE MANAGEMENT SYSTEM MS254V 1002 
11 DECEMBER 1984 I 



m 
FAIRCHILO 

P I E C ~ I ~ I  I*- <-CIL.I"ANV 

SPACE STATIOFJ 
BIOLOGICAL TREATMENT AND STOFAGE SYSTEM 

o INTERFACE MITH SUBSYSTEIIS 

URINAL 

FAN/SEPARATOR 

2 
cn 

ODOR CONTROL 
E: 
3 
0 o A1 RFLOW SEPARATION AND TRANSPORT 
f 
P 
cn 

o ACCEPTS WIPES AND OTHER ORGAIIIC k!ASTE 

o HASTE DIGESTION I N  A LIQUID SYSTEFI 

o NASTE CONVERTED TO k!F1TIW $9s 
o PERIODIC ADDITIOV E!iTi;r"tES Ntii BACTERIA 

'In=- " o CONTINUOUS; INEEF ';i'. ~ . t m X + f f t 3 &  -- . 
"'-- - *b 'C  qqAj;$C@$ o CENTRIFUGAL Li'.-~dilD-f~:* ~ i p < & ,  ,,,. 

o STATION SERVICI?$G 

PUMPING EXCESS f Lb kg f3 HOLDING TANKS 

GAS ABSORBER INTEkiACE WITH ECLSS 

- 

a 

WASTE MANAGEMENT SYSTEM f ~S~~L:VIOO~ 
11 DECEMBER 1984 



ris2srlvi002 
11 DECEMBER 1984 

m 
FA RRCHjLD 

"LL,,", 4- COUP.,".' 

CHEW HEMt3ER 

s ~ o u ~ s ~ t - s  

L I Q U I D  

WET TRASt! 

I 15VAC 
28VDC EPS 

-r1 
a. STATION ORBITER ELECTRICAL 
a POWER 
c 
1 
m r 

P 
I 
P 

WASTE 4 v 
u COLLECTION 

SOLID WASf€ 
SYSTEM PROCESSI~JG 

WASTE WATER 
CONTROL 

TREATMENT SYSTEM 

SYSTEM 

SHUTTI-E 
WCS INTERFACES 

(BlOLOGICAL PROCESSING) 

WASTE MANAGEMENT SYSTEM 



MS 254V 1002 
11 DECEMBER 1984 

m 
FAIRCHILD 

mm*ama , a -  , , . U M " V  

SPACE STATION 
WCS LIQUID BIOLOGICAL SYSTEM 

2 
r=l 
c 
3 
cD 

P 
I 
-s 
c 3  

OUTER TOP VIEW 
SHELL 

v 
FLUID TANK 

- -I 

WASTE MANAGEMENT SYSTEM 



MS254V1003 
January 18, 1985 

5.0 WCS DESIGN CONCEPTS SUMMARY 

Ten (10)  systems were c a r r i e d  through the  eva lua t i on  ma t r i x ,  and a re  
summarized i n  F igu re  5-1, It was determined t h a t  o n l y  one concept, Microwave 
Oven S t e r i  1 i z a t i o n ,  had p o t e n t i a l  appl i c a t i o n  t o  both S h u t t l e  and Space 
Stat ion.  The S t a t i o n  requirement f o r  no overboard ven t ing  o f  gas, l i q u i d s  
and/or s o l  ids  imposes severe system penal t i e s  o f  weight, power and complexi ty,  
as v#epresrqted by  the  need f o r  waste processing by heat o r  c o l d  s t e r i l i z a t i o n  
-a-;her than {tacuum d ry i ng  . A1 1 t he  S t a t i  on-or i  ented sys tems incorpora te  one 
uf these methods wh i le  t h e  s impler  Shu t t l e  concepts u t i l i z e  vacuum d ry i ng  as a 
oasel ine. l r !co**poration o f  an on-board f r eeze r  o r  s t e r i  1 i z a t i o n  oven would 
inipose r~ndu?  ;?enaltmies on t h e  Shut t le .  It was f e l t  however t h a t  a r e l a t i v e l y  
sn~af * otie--cham1-ler rrticrowave oven t h a t  could s t e r i  1 i z e  feces w i t h i n  a 10 minute 
tirrie- l ine ,  wi l l ,  a  p o s s i b i l i t y  t o  be considered du r i ng  t h e  Shu t t l e  systems 
evalukcion. 

An advanced concept f o r  p o t e n t i a l  long term f u t u r e  Space S t a t i o n  use was a lso  
developed, based on b i o l o g i c a l  i n a c t i v a t i o n  and storage. This t ype  o f  system 
i s  not  envisaged f o r  i n i t i a l  S t a t i o n  app l i ca t i on ,  bu t  would more app rop r i a te l y  
be considered i f  ur ine / feces  water rec lamat ion requirements were necessary f o r  
a long du ra t i on  mission. 

5.1 WCS Trade Study 

5.1.1 Space Shuttle 

Results o f  the t r ade  s tudy eva lua t i on  f o r  the  Space S h u t t l e  design concepts 
are shown i n  t h e  Ma t r i x  Summary, Table 5-2. Numerical r a t i n g s  are based on 
the weights guide shown i n  Figures 3-9 through 3-14 i nc l us i ve .  

5.1.1.1 Safety 

5.1.1.1.1 Crew Contamination from Stored Waste. Each o f  the  f i v e  ( 5 )  systems 
were evaluated on how w e l l  they  met t he  s p e c i f i c  o v e r r i d i n g  c h a r a c t e r i s t i c  
w i t h i n  each o f  t he  categor ies assessed. For example, t h e  f i r s t  category -Crew 
Contamination f rom Stored Waste - i s  concerned w i t h  the  degree o f  exposure t o  
unprocessed/processed waste a crewmember i s  subjected t o  on a sequent ia l  use 
o f  the  system. Systems 1 and 2, which are based on use o f  a new, c lean bag f o r  
eaci; use, would have no exposure t o  the  prev ious defecat ion, which would have 
been c o l l e c t e d  i n  i t s  own bag and placed i n  a separate processing u n i t  apar t  
from the  c o l l e c t o r .  These systems the re fo re  have zero exposure and score 
maximum (10) .  

System 3 provides a l i m i t e d  volume opening w i t h i n  the  Archimedean Screw f o r  
c o l l e c t i o n  and subsequent t r anspo r t  through t h e  system. Although r o t a t i o n  o f  
the Screw w i l l  move feces i n t o  the storage area, i t  i s  l i k e l y  t h a t  an 
immediate next use w i l l  r e s u l t  i n  unprocessed feces be ing " i n - t r a n s i t "  and 
poss ib le  c lose cont:.:t w i t h  the crewmember. Although t he  bu lk  o f  the previous 
uses w i l l  have b e e i ~  t ranspor ted  and processed, some mix o f  unprocessed and 
processed feces may be captured w i t h i n  the  screw, t h e r e f o r e  t h i s  system scored 
a th ree  ( 3 )  r a t i n g .  

Systems 4 and 5 p rov ide  a l ong  c l e a r  opening f o r  de feca t ion  w i t h  waste 
ma te r i a l  d i r ec ted  by a i r f l o w  t o  t h e  f i l t e r  surfaces w i t h i n  the  c o l l e c t o r s .  
Although a sequent ia l  use would r e s u l t  i n  unprocessed feces w i t h i n  the  
c o l l e c t o r ,  the feces should be d i r ec ted  away f rom the  opening, m in im iz ing  
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I * DRY I NG SYSTEM 
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SYSTEM 
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contact  p o t e n t i a l .  These systems scored s i x  ( 6 )  r a t h e r  than seven (7 ) ,  due t o  
t h i s  p o t e n t i a l  f o r  unprocessed waste i n  the c o l l e c t o r  bu t  no t  i n  con tac t  w i t h  
the crewember. 

5.1.1.1.2 Crew Contamination During Use 

The p r imary  cons idera t ion  w i t h i n  t h i s  category i s  the  degree t h a t  the  system 
l i m i t s  the f e c a l  c o l l e c t i o n  path, thereby c r e a t i n g  obstac les dur ing  t h e  
c o l l e c t i o n  process. Systems 1 and 2 are based on the  use o f  f i n i t e  shaped 
con i ca l  bags f o r  f eca l  c o l l e c t i o n .  There i s  a p o t e n t i a l  f o r  f e c a l  bo lus 
impact on the bag sides and/or bottom dur ing  use, which could r e s u l t  i n  both 
system and crewmember con tac t  w i t h  the  feces, r e q u i r i n g  cleanup. These 
systems t h e r e f o r e  scored f i v e  (5 ) .  

Systems 3, 4 and 5 prov ide  l a r g e r  openings du r i ng  use, m in im iz ing  need f op  
p o t e n t i a l  cleanup. System 3 however, provides a f i n i t e  opening t h a t  i s  l z r g e r  
than t h e  bags o f  Systems 1 and 2 ,  b u t  smal ler  than Systems 4 and 5, and 
consequently was scored as a seven (7 ) ,  wh i l e  Systems 4 and 5 scored e i g h t  
(8) .  Nei ther  o f  these systems could be scored f o r  no cleanup p o t e n t i a l  ( l o ) ,  
s ince t h e  sho r t  t r anspo r t  c o l l a r  under t he  seat  could be impacted. 

5.1.1.1.3 Reliability 

The degree o f  complex i ty  o f  each o f  the systems and poss ib l e  f a i l u r e  modes are 
assessed i n  t h i s  category. 

The h ighes t  scored system (8)  was the s implest  Skylab proven concept, System 
1, mod i f ied  however t o  incorpora te  an automatic heat sea l i ng  bag c l osu re  
mechanism. Although the heat sea l i ng  system w i l l  r e q u i r e  development, i t  was 
not considered a h igh r i s k  item. Also, i n  t he  event o f  a mechanism f a i l c r e ,  
the bag w i l l  be capable o f  manual sea l ing  thereby p e r m i t t i n g  the  system t o  
operate i n  a degraded mode. 

System 3 rece ived  the lowest rank ing (0)  due t o  t he  i n o p e r a b i l i t y  o f  the 
system i n  the event  o f  a motor f a i l u r e  which would i n a c t i v a t e  t he  screw 
mechanism. A back-up system would be requ i red  t o  support  t h i s  concept. 

Systems 2 and 4 were considered more complex designs bu t  would meet t he  
c r i t e r i a  f o r  f a i l  safe opera t ion  i n  the  event o f  a system component f a i l u r e .  
Bladder System No. 4, i s  designed so t h a t  the  bladder f a i l s  t o  an open o r  
c o l l e c t  pos i t i on .  The Microwave Oven however, would r e q u i r e  6 back-up i n  the  
event t h e  magnetron f a i l e d  o r  more 1 i k e l y  bags would s imply  be s to red  i n  wet 
t rash.  

The Compactor Car t r idge  System 5, incorporates a mechanical over r ide  t o  d r i v e  
and r e t r a c t  the  p i s t o n  i n  t he  event o f  a freeze-up o f  t he  compactor du r i ng  
operat ion.  The system would be capable o f  opera t ing  i n  a degraded mode 
u t i l i z i n g  mechanical compaction r a t h e r  than d i f f e r e n t i  a1 pressure. 
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5.1.1.1.4 Development Risk 

The degree, amount and complex i t y  o f  t e s t i n g  r e q u i r e d  t o  prove the  concept a re  
assessed i n  t h i s  category.  . 
The h i ghes t  ranked system i s  the  Skylab proven system u t i l i z i n g  s i m i l a r  
a i r f l o w  c o l l e c t i o n  and vacuum/heat d r y i n g  f o r  f e c a l  bag processing. Two areas 
o f  t e s t  a re  r equ i r ed  however t o  demonstrate t h e  system - development o f  the  
heat s e a l i n g  dev ice and u t i l i z a t i o n  o f  a double vacuum chamber w i t h  a common 
hea t ing  p l a te .  Since these t e s t s  can be performed i n  a 1-g environment t o  
v e r i f y  t h e  design, development r i s k  i s  min imi  zed. 

System 3 i s  scored t he  lowest  (h ighes t  r i s k )  due p r i m a r i l y f o r  t he  need of 
ex tens ive  0-g t e s t i n g  t o  v e r i f y  the  bas ic  concept. 

System 4 r equ i r es  extens ive c y c l i n g  t e s t s  t o  prove i n t e g r i t y  o f  the bladder 
i n s t r u c t i o n  and random displacement o f  t h e  feces and wipes throughout t h e  
screen. Th is  may r e q u i r e  0-9 t e s t i n g  if quest ions e x i s t  a f t e r  1-g t e s t s  a t  
var ious c o l l e c t o r  p o s i t i o n s  t o  s imulate  a random c o l l e c t i o n  pa t te rn .  

Systems 2 and 5 a re  considered moderate r i s k  concepts i n  t h a t  the  microwave 
oven i s  an adap ta t ion  o f  a convent iona l  1-g proven design and the  compactor 
c a r t r i d g e  system i s  b a s i c a l l y  an a7 1 mecllanical system us ing  a standard 
s t a i n l e s s  s t e e l  be1 lows and negator- type r e t r a c t i o n  sp r ing .  Mechanical 
c y c l  i n g  can be demonstrated i n  1-g and quest ions concerning p o t e n t i  a1 system 
freeze-up can be t e s t e d  i n  a co l d  chamber. It i s  no t  a n t i c i p a t e d  t h a t  0-g 
t e s t i n g  would be mandatory t o  prove these concepts. 

5.1.1.2 Discomfort 

5.1.1.2.1 CrewUaste Separation 

This  category  cons iders  the  e f f ec t i veness  o f  the a i r f l o w  t o  separate t he  f e c a l  
bolus f rom the crewmember. 

The two bag concepts, Systems 1 and 2, u t i  1 i z e  a new c o l l e c t o r  bag f o r  each 
de feca t ion  thereby p rov i d i ng  a p red ic tab le ,  known a i r f l o w  through t h e  f i 1 t e r  
area w i t h  each c o l l e c t i o n .  These systems a re  b a s i c a l l y  load independent as 
compared t o  a l l  t h e  o ther  systems where i t  i s  p o s s i k l e  t o  have a i r f l o w  
degradat ion as t he  c o l l e c t o r  load  b u i l d s  up w i t h  t ime.  

Systems 1 and 2 were ranked h ighes t  w i t h  separa t ion  approaching 1-g, whereas 
a l l  the  o ther  systems were ranked s l i g h t l y  lower due t o  the  p o s s i b i l i t y  o f  
s l i g h t l y  reduced a i r f l o w  w i t h  t ime. 

5.1.1.2.2 Degraded Collection Mode 

Systems a re  r a t e d  i n  t h i s  category  as t o  how we1 1 t h e y  perform i n  t h e  event o f  
a f a i l u r e  o f  t he  a i r f l o w  system t o  produce f u l l  volume o f  c o l l e c t i o n  a i r .  

The bag c o l l e c t i o n  systems 1 and 2, employ i n d i v i d u a l ,  new bags w i t h  every  
use. A r educ t i on  i n  a i r f l o w  would permi t  c o l l e c t i o n  i n  a degraded mode s ince  
t h e  f u l l  f i l t e r  area i s  unblocked f rom a prev ious use as i n  non-bag systems. 
I n  t he  event o f  a t o t a l  a i r f l o w  f a i l u r e ,  c o l l e c t i o n  would be s i m i l a r  t o  t h e  
Apo l lo  back-up concept o f  d i r e c t  de feca t ion  i n t o  an i n d i v i d u a l  bag. 
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Systems 4 and 5 have l a rge  i n t e r n a l  volumes and would operate  as a  I1honey 
bucketu i n  the event a i r f l o w  degrades. 

5.1.1.2.3 210 Man-Days Operation 

A l l  systems were s i zed  t o  accommodate t he  maximize p o t e n t i a l  m iss ion  o f  7 men 
f o r  30 days. Wi th  t h e  requirement changed t o  60 man-days based on d iscuss ions 
a t  NASA/JSC du r i ng  t he  f 4nal o r a l  p resen ta t ion ,  i t  i s  a n t i c i p a t e d  t h a t  a l l  
concepts w i l l  be s a t i s f a c t o r y  as i s .  I t  i s  a l s o  poss ib l e  t h a t  some down- 
s i z i n g  would improve r a t i n g s  i n  the area o f  volume, weight,  power and cost.  

5.1.1.2.4 Odor Control 

The c r i t e r i a  f o r  measuremenC i n  t h i s  category  i s  how we1 1  the concept performs 
versus t h e  e x i s t i n g  Shu t t l e  system. 

System 1, u t i l i z i n g  r e l a t i v e l y  small i n d i v i d u a l  c o l l e c t o r  bags imposes the 
l eas t  l oad  on an odor c o n t r o l  f i l t e r  and over t h e  miss ion l eng th  should 
produce l ess  t o t a l  load than t h e  e x i s t i n g  system. 

Systems 3, 4 and 5 should be comparable t o  t h e  e x i s t i n g  system. System 2 adds 
a  small l oad  t o  t h e  e x i s t i n g  odor c o n t r o l  f i l t e r  due t o  a  poss ib le  gas vent 
requirement from t h e  microwave oven. 

5.1.1.3.1 Male/Female Use 

A l l  systems are fu1 l y  compat ib le f o r  bo th  male and female use. There are no 
i n t e r f a c e s  p e c u l i a r  t o  one sex. 

5.1.1.3.2 Urine Collection 

A l l  systems are f u l l y  compat ib le w i t h  t he  e x i s t i n g  S h u t t l e  u r i n e  c o l l e c t i o n  
system. There a re  no i n t e r f a c e s  p e c u l i a r  t o  one system. 

5.1.1.3.3 Time Required For Use 

This  category  i s  d i v i ded  i n t o  p repara t ion  t ime  and c lean up t ime  t o  r e f l e c t  
t h e  importance a t t r i b u t e d  t o  crewmember t ime and involvement w i t h  t h e  waste 
c o l l e c t i o n  system. 

Systems 1 and 2 r e q u i r e  manual i n s e r t i o n  and subsequent removal a f t e r  heat 
sea l ing,  o f  each c o f l e c t o r  bag. These systems a re  est imated t o  r e q u i r e  
between 4 t o  8 minutes o f  crew time, r e s u l t i n g  i n  t o t a l  scores o f  6 each. 

Systems 3, 4, and 5 a re  f u l l y  automated and r e q u i r e  o n l y  s e t t i n g  o f  t he  
opera t iona l  con t ro l s  equ iva len t  t o  the cu r ren t  S h u t t l e  system. To ta l  
p repara t ion  and cleanup t ime i s  est imated a t  under 4 minutes, r e s u l t i n g  i n  
maximum scores o f  12 each. 
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5.1.1.3.4 On b a r d  Servicing 

Scor ing  i n  t h i s  category  i s  dependent on t he  on-board c a p a b i l i t y  f o r  system 
s e r v i c i n g  o r  r e p a i r  t o  keep t h e  WCS opera t iona l .  

System 1, u t i l i z e s  an automated heat seal i n g  mechanism t o  c lose  and seal  the  
f e c a l  c o l l e c t o r  bag. Actuators  f o r  d r i v i n g  the  heat sea le r  and access ib le  f o r  
replacement i n  the event o f  f a i l u r e .  The bags a re  designed so t h a t  c losure  
and sea l ing  can be performed manual ly as an a d d i t i o n a l  o v e r r i d e  fea tu re .  AT1 
o t h e r  pa r t s  o f  t h i s  system tire mechanical and a re  no t  l i k e l y  t o  be sub jec t  t o  
on-board s e r v i c i n g  needs. 

System 3 u t i l i z e s  a  s i n g l e  motor t o  d r i v e  t he  Archimedean screw, and i s  
l oca ted  e x t e r n a l  t o  t h e  c o l l e c t o r  s h e l l  t o  f a c i l i t a t e  replacement on -o rb i t .  
There are no a d d i t i o n a l  components r e q u i r i n g  se r v i c i ng .  

The lowest scored system i s  t h e  Bladder C o l l e c t i o n  design (System 4 )  which has 
t h e  i n t e r n a l  expandable b ladder  mechanism t o  compact feces. Th is  design 
prec ludes on -o rb i t  s e r v i c i n g  o f  the  bladder, bu t  i n  the  event o f  a  b ladder  
f a i l u r e ,  t h e  system would be operable i n  a  "honey-bucket" mode. 

System 2 would r e q u i r e  a  backup mode f o r  process ing feces i n  the  event o f  a  
magnetron f a i l u r e ,  which would no t  be serv iceab le  on -o rb i t .  The system would 
be operable i n  t h i s  cond i t i on ,  bu t  i n  a  deg;.:r!sd mode. 

System 5 p rov ides  a manual backup f o r  expanding and r e t r a c t i n g  the  bel lows. 
The system would be operable however'no on-board s e r v i c i n g  i s  l i k e l y .  

5.1.1.3.5 Noise 

A l l  systems are r a t e d  aga ins t  the  e x i s t i n g  S h u t t l e  WCS no ise  l e v e l .  

Systems 2 and 3 r e q u i r e  one a d d i t i o n a l  motor t o  operate over and above t he  
c u r r e n t  S h u t t l e  system, and a re  penal ized f o r  adding noise.  

Systems 1, 4 and 5 do no t  add o r  sub t rac t  any a d d i t i o n a l  noise producing 
components and are assumed t o  be equ iva len t  t o  t h e  cu r ren t  system. 

5.1.1.3.6 A i r f l o w  

A l l  systems w i l l  s uccess fu l l y  c o l l e c t  feces u t i l i z i n g  t he  e x i s t i n g  Shu t t l e  
a i r f l o w  requirements, and a re  r a t e d  equal i n  t h i s  category.  

5.1.1.3.7 Manual Operations 

T h i s  category assesses the degree o f  complex i ty  i n  opera t ing  t he  system, o the r  
t h a n  the normal c o n t r o l  operat ions t o  se t  t h e  bas ic  system. 

Systems 1 and 2 rece ived  t he  lowest  scores due t o  t h e  requirement f o r  manual ly 
hand l i ng  a  c o l l e c t o r  bag. Each bag must be r e t r i e v e d  from c lean storage, 
i n s e r t e d  i n t o  the  c o l l e c t o r  u n i t ,  and a f t e r  de feca t ion  and automated seal ing,  
manual ly  removed from the  c o l l e c t o r  and placed i n t o  the  vacuum processor 
chamber o r  microwave oven. The f e c a l  bag must then be manual ly removed f rom 
t h e  processing device and p laced i n t o  t h e  s torage recep tac le ,  
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Systems 3, 4 and 5 are b a s i c a l l y  automated systems w i t h  respec t  t o  c o n t r o l  
operat ions.  No spec ia l  hand1 i n g  o r  a d d i t i o n a l  c o n t r o l  s e t t i n g  i s  r equ i r ed  
over and above t h e  e x i s t i n g  system. These systems a1 1  rece ived  maximum 
scores. 

5.1.1.4 Versatility 

5.1.1.4.1 Training 

Systems 1 and 2 a re  pena l i zed  f o r  t he  a d d i t i o n a l  t ime  requ i r ed  t o  f a m i l i a r i z e  
the cremembers w i t h  the  bag handl ing procedures c u r r e n t l y  no t  p a r t  o f  t h e  
e x i s t i n g  system rou t i ne .  

Systems 3, 4 and 5 should n o t  r e q u i r e  any more t r a i n i n g  t ime  than t he  e x i s t i n g  
Shu t t l e  system and a l l  scored e q u a l l y  as w e l i .  

5.1.1.4.2 Wipe Limited 

Systems 1 and 2 a re  1  i m i t e d  i n  wipe capac i t y  due t o  the  c o n t r o l l e d  s i z e  o f  the  
c o l l e c t o r  bag. 

Systems, 3, 4 and 5 a re  a1 1 v a r i a t i o n s  o f  a  compaction design approach and 
have more t o l e rance  t o  t h e  number and types o f  wipes co l l ec ted .  These systems 
t he re fo re  score h igher  i n  t h i s  category.  

5.1.1.4.3 Mission Refurbishment 

This category, assesses turnaround t ime  as a f u n c t i o n  o f  system refurb ishment  
requirements e i t h e r  on t h e  O r b i t e r  w i t h i n  a  g iven  t ime per iod,  o r  whether t h e  
system must be removed and rep laced as w i t h  t h e  cu r ren t  WCS system. 

Systems 1 and 2 score t he  h i ghes t  i n  t h i s  category  s ince o n l y  s to red  used bags 
must be removed from the O r b i t e r  and new c lean bags i n s t a l l e d  f o r  t he  nex t  
mission. The bas ic  system does no t  r e q u i r e  any re furb ishment  o r  s e r v i c i n g  
between mi ssions o ther  than normal planned maintenance. 

Systems 3 and 5 r e q u i r e  re furb ishment  o f  t he  c a r t r i d g e s  i n  t h e  system. F i l l e d  
c a r t r i d g e s  are removed f rom storage and rep1 aced w i t h  f r e s h  ca r t r i dges .  These 
are l a r g e r  i n  s i z e  than t he  bags i n  Systems 1 and 2 ,  and w i l l  r e q u i r e  more 
care i n  hand l ing  and consequent ly s l i g h t l y  more t ime, r e s u l t i n g  i n  a  lower 
score. However, t h e  bas ic  system does no t  r e q u i r e  s e r v i c i n g  o the r  than normal 
p l  anned ma,i ntenance. 

System 4 rece ived  the  lowest  score due t o  t h e  need f o r  separa t ing  t he  
c o l l e c t o r  s h e l l  on t h e  O r b i t e r  w i t h  t o o l s  and hand l ing  a  l a rge r ,  heav ier  
replacement s h e l l .  

5.1.1.4.4 Material Compatibility 

Systems 1, 2 and 4 have s h e l f  l i f e  l i m i t a t i o n s  due t o  the use of bags, f i l t e r s  
and the  rubber ized,  coated bladder.  Each o f  these ma te r i a l s  w i  11 r e q u i r e  
estab l ishment  o f  use fu l  l i f e  data and p o t e n t i a l  cos t  impact o f  "per l o t u  
procurement, consequently were low ra ted .  

Systems 3 and 5 have no s h e l f  l i f e  l i m i t e d  m a t e r i a l s  i n  t h e i r  cons t ruc t i on  and 
rece ived maximum scores. 
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5.1.1.5 Non Functional 

5.1.1.5.1 Electrical Power 

The c r i t e r i a  f o r  measurement i n  t h i s  category i s  based on the proposed concept 
requirement w i t h  respect t o  t he  e x i s t i n g  system power. 

Systems 1 and 2 requ i re  add i t iona l  power over the current  design due t o  the 
need f o r  heat seal ing o f  the bags. 

Systems 4 and 5 are mechanical systems requ i r i ng  no add i t iona l  power and 
System 3 requ i res  the use o f  a motor t o  d r i ve  the screw mechanism. 

5.1.1.5.2 Weight 

P r e l  iminary weight analys is  ind ica tes  System 5 can be designed and fab r i ca ted  
t o  weigh under 100 pounds, and consequently scores the highest.  

A l l  other systems are estimated t o  be coflparable t o  the current  Shu t t l e  
design, i n  t he  100-150 pound range. 

5.1.1.5.3 Cost 

Th is  category on ly  considers the cost o f  development (non-recurr ing) ra the r  
than the recu r r i ng  costs per system which are addressed separately i n  t h i s  
r e p o r t .  

System 1 w i l l  requ i re  the l e a s t  amount of development t e s t i n g  since i t  i s  
based on the  Skylab proven design f o r  c o l l e c t i o n  and processing. The 
requirement f o r  heat seal ing the co l l ec to r  bag can be demonstrated through 1-g 
t e s t s  ra the r  than more cos t l y  0-g t e s t i n g  on the  Shutt le.  

Systems 2 and 3 receive minimum scores due t o  the developmental nature o f  
these concepts. Both w i l l  r equ i re  1-g and 0-g demonstration tes ts  t o  v e r i f y  
t h e  concept. 

Systems 4 and 5 can be demonstrated through random pos i t i on ing  o f  the 
c o l l e c t o r  i n  1-g t o  simulate 0-g operation. The c r i t i c a l  technologies - 
bladder c y c l i n g  i n  System 4 and possib le freeze-up i n  System 5 - can be tested 
a t  1-g i n  a temperature con t ro l l ed  environment. These systems could be 
downrated if excessive 1-g t e s t i n g  i s  required t o  demonstrate the  concept. 

5.1.1.5.4 Onboard Volume 

Each system i s  measured against the current volume requirsment on the Orb i te r .  

Systems 3, 4 and 5 would e n t a i l  no increase i n  e x i s t i n g  Orb i te r  volume w i t h  
p re l im ina ry  s tudies i n d i c a t i n g  a possible volume reduct ion f o r  System 5. 
System 4 may requ i re  a s l i g h t  increase i n  volume a f t e r  the bladder chamber i s  
f i n a l l y  sized. 

Systems 1 and 2 requ i re  storage o f  bags, imposing add i t iona l  volumetr ic 
pena l t ies  on the  Orb i te r .  
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5.1.1.5.5 Retrof i t a b l e  

A l l  systems are b a s i c a l l y  r e t r o f  i t a b l e  w i t h i n  t he  Orb i t e r ,  however Systems 1 
and 2 r e q u i r e  a m o d i f i c a t i o n  t o  t he  WCS compartment t o  accommodate s torage f o r  
c o l l e c t o r  bags, and a re  penal i zed  f o r  t h i s  a d d i t i o n a l  requirement. 

5.1.2 Space Station 

Results o f  the t r ade  s tudy eva lua t ion  f o r  Space S t a t i o n  design concepts are 
shown i n  the  M a t r j x  Summary, Table 5-3. Numerical r a t i n g s  are based on t he  
weight ing guide shown i n  F igures 3-9 through 3-14 i n c l u s i v e .  

System concepts developed f o r  Space S ta t i on  are p r i m a r i l y  d r i ven  by t h e  
requirement f o r  no overboard ven t ing  o f  gas, 1 i q u i d s  and so l  i ds .  Th is  
requirment precludes those systems t h a t  are based on vacuum ven t ing  o f  
c o l l e c t e d  feces t o  process and i n a c t i v a t e  t he  waste. Those concepts presented 
i n  Table 5-3 r e f l e c t  mod i f i ca t i ons  o f  t h e  system concepts discussed f o r  Space 
Shu t t l e  t o  incorpora te  on-board waste i n a c t i v a t i o n  techniques. 

Systems 1, 2 and 3 are v a r i a t i o n s  o f  the  c o l l e c t o r  bag method used on Skylab, 
w i t h  t h r e e  a l t e r n a t e  s t e r i l i z a t i o n  methods - convect ion oven, microwave oven, 
and f r e e z e r  - used f o r  processing t he  c o l l e c t e d  feces. 

Systems 4 and 5 a re  s i m i l a r  t o  t h e i r  S h u t t l e  counterpar ts  w i t h  a new 
requirement f o r  ho ld i ng  waste w i t h i n  the  c a r t r i d g e  f o r  a given c y c l e  t ime a t  
r e f r i g e r a t i o n  temperature p r i o r  t o  rep1 acement and subsequent used c a r t r i d g e  
storage a t  f r eez ing  temperature. 

System 6 i s  a new concept s p e c i f i c a l l y  considered f o r  a long  term S t a t i o n  
mission where p a r t i  a1 water recovery may be requ i red  f o r  poss ib le  use as wash 
water r a t h e r  than po tab le  water. 

Ratings o f  a l l  systems w i t h i n  the f i r s t  f i v e  ca tegor ies  o f  Safety,  Discomfort, 
Annoyance, V e r s a t i l i t y  and Nonfunct ional ,  are b a s i c a l l y  s i m i l a r  i n  r a t i o n a l e  
t o  the S h u t t l e  scor ing.  The add i t i ona l  complex i ty  o f  on-board waste treatment 
by e i t h e r  heat o r  f r e e z i n g / r e f r i g e r a t i o n  provides t h e  pr imary impact on system 
scor ing, gene ra l l y  r e s u l t i n g  i n  pena l t ies  f o r  weight, volume, r e l i a b i l i t y ,  
complexity, development r i s k ,  power, etc., and consequently lower comparative 
scores than the S h u t t l e  systems. 

Table 5.1.2-1 adds an add i t i ona l  evaluated category s p e c i f i c a l l y  dedicated t o  
Space S ta t ion ,  aqd t h i s  category w i l l  be discussed i n  more d e t a i l ,  as fo l lows.  

5.1.2.1 Space S t a t i o n  Category 

5.1.2.1.1 540 Man-Days 

A l l  systems are s i zed  t o  a t  l e a s t  meet t he  bas ic  requirement f o r  a 540 man-day 
cyc le  p r i o r  t o  resupply.  System 6 has t he  inheren t  c a p a b i l i t y  t o  exceed t h i s  
requirement w i t h  minor s e r v i c i n g  i n v o l v i n g  drawing o f f  excess f l u i d .  
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5.1.2.1.2 No Overboard Dump 

Systems 1 and 2 r e q u i r e  an on-board gas vent o f  the  s t e r i  1  i z a t i o n  chamber t o  
accommodate the gas expansion w i t h i n  the  c o l l e c t o r  bag du r i ng  heat processing. 
The bags could be designed t o  expand and con ta in  the  gas b u i l d  up, b u t  a  
s i g n i f i c a n t  s torage pena l t y  accrues w i t h  t h i s  op t ion .  

Systems 3, 4 and 5 a re  based on p lac i ng  the  c o l l e c t o r  bag and ca r t r i dges  i n t o  
f reezer  storage. With these methods, no ven t ing  i s  requi red.  

System 6 requ i res  a  1  i q u i d  vent on-board t o  keep t h e  system opera t iona l  by 
pumping excess f l u i d  t o  ho ld i ng  tanks. 

5.1.2.1.3 On Board Servicing 

Systems 1, 2 and 3 are s ized  t o  meet a  normal 90 day resupply  c y c l e  by 
r ep lac ing  used c o l l e c t o r  bags w i t h  a  f r e s h  supply  o f  unused bags. No 
a d d i t i o n a l  system s e r v i c i n g  o r  maintenance i s  r equ i red  t o  keep t he  system 
opera t iona l .  

Systems 4 and 5 a r e  designed w i t h  rep laceable c a r t r i d g e  elements he ld  a t  
r e f r i g e r a t i o n  temperature. I n i t i a l  ana lys is  i nd i ca tes  a  one-week c y c l e  i s  
approximately optimum f o r  s i z i n g  t he  system, thereby r e s u l t i n g  i n  a  lower 
score f o r  t h i s  category.  

System 6 requ i res  removal o f  excess f l u i d  and t he  a d d i t i o n  o f  enzymes i n  
approximately a  30 day cyc le ,  consequently t h i s  system scores lower than t h e  
90 day resupp ly  m iss ion  requirement. 

5.1.2.1.4 BiaMedical Sampling 

This i s  an an t i c i pa ted  requirement f o r  Space S t a t i o n  t o  be p a r t  o f  the Heal th  
Maintenance F a c i l i t y .  Although i t  i s  no t  expected t h a t  t h i s  requirement w i l l  
d r i v e  a  WCS design, the  c a p a b i l i t y  o f  adapt ing a  concept t o  meet t h i s  poss ib le  
need i s  considered i n  t h i s  category.  

The bag c o l l e c t i o n  methods o f  Systems 1, 2 and 3 a re  i n h e r e n t l y  capable o f  
p rov id i ng  a  s p e c i f i c  f e c a l  c o l l e c t i o n  and i s o l a t i n g  i t  from the  balance o f  
feces . 
Systems 4 and 6 a re  b a s i c a l l y  bu lk  c o l l e c t i o n  methods not  adaptable t o  
i n d i v i d u a l  i s o l a t i o n  o f  a  f e c a l  c o l l e c t i o n .  A separate c o l l e c t o r  u t i l i z i n g  a  
sample bag would be requ i red  w i t h  these concepts. 

System 5 could accept i n s e r t i o n  o f  a  f e c a l  c o l l e c t i o n  sample bag w i t h i n  t he  
c o l e l c t o r  u t i l i z i n g  the  bas ic  system a i r f l o w  f o r  actua l  c o l l e c t i o n ,  and 
t he re fo re  i s  adaptable t o  t h e  sampling requirement. 
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5.1.2.1.5 Station Interfaces 

Systems 1, 2, 3 and 6 have minimum in ter faces  w i t h  the Space Stat ion, 
r e q u i r i n g  only  e l e c t r i c a l  power t o  d r i v e  the system, 

Systems 4 and 5 a l so  requ i re  an e l e c t r i c a l  i n te r face  w i t h  the Sta t ion  but are 
penal i zed f o r  the add i t i ona l  in ter face w i th  the  thermal /cool ing loop f o r  
mainta in ing the car t r idges  a t  r e f r i g e r a t i o n  temperature p r i o r  t o  f reezer  
storage. 

5.1.2.1.6 Versatility 

This i s  uca tch-a l lN  category t o  provide bene f i t  f o r  a  system tha t  would 
i nhe ren t l y  add fea tures  f o r  other  funct ions, such as accepting c e r t a i n  wastes 
from a  medical f a c i l i t y  D r  animal experiments. 

Systems 1, 2, 3  and 5 b a s i c a l l y  can be used f o r  processing and storage o f  
wastes other than human feces, since the i nd i v idua l  c o l l e c t o r  bags and 
compactor system are not feces l im i ted .  Systems 1 and 2 u t i l i z i n g  
s t e r i l i z a t i o n  ra the r  than f reez ing  as i n  Systems 3 and 5, have s l i g h t l y  more 
v e r s a t i l i t y .  Systems 4 and 6 are d i r e c t l y  sens i t i ve  t o  the types o f  waste 
tha t  can be handl ed and are no t  recommended f o r  accept i ng m i  scel 1 aneous 
mater ia ls .  

5.2 Shuttle WCS Reconmended Concept 

Based on the scor ing  c r i t e r i a  and the analyses described, Fa i rch i  l d  recommends 
the h ighest  scored system, the  Compactor Cartridge/Vacuum Drying concept f o r  
po ten t i a l  Shut t le  appl i ca t i on .  

The system ranks h igh  i n  r e l i a b i l i t y ,  minimum development r i s k ,  minimum 
operat ional time t o  use, a d a p t a b i l i t y  f o r  manual overr ide, a b i l i t y  t o  accept 
la rger  quan t i t i es  o f  wipes, low weight and volume, and ease o f  r e t r o f i t  i n  the 
Orbi ter .  The p o s i t i v e  and simple compaction fea ture  assures f u l l  mission use 
even t o  a  maximum 210 man-day mission. The system i s  simple t o  re fu rb i sh  on 
the ground r e q u i r i n g  on ly  a  car t r idge change ra the r  than serv ic ing  a  complete 
system. It i s  an t ic ipa ted  t h a t  the system can be proven i n  a  1-g environment 
w i th  the  most d i f f i c u l t  technical  concern o f  system freeze-up dur ing vacuum 
processing demonstrated i n  a  low temperature chamber. 

5.3 Space Station WCS Recarmended Conckpt 

Based on the scor ing  c r i t e r i a  and the analyses described, Fa i rch i  l d  recommends 
the second highest scored system, the  Compactor Cart r idge Freezer/ 
/Ref r igera t ion  Storage concept f o r  po ten t i a l  Space Sta t ion  appl icat ion.  

F a i r c h i l d  has discarded the highest scored system, the  Co l lec t ion  Bag w i t h  
Freezer Storage, p r i m a r i l y  due t o  meetings w i t h  NASA personnel and a  Shut t le  
f 1  i g h t  crewmember where c lear  preferences were expressed f o r  non-bag systems. 
Fa i rch i  1  d  recognizes the st rong aversion t o  handl i n g  feca l  bags and concurs 
tha t  f o r  a  long term Sta t ion  mission a  more ear th - l i ke  system i s  desi rable.  
This s i g n i f i c a n t  sub jec t ive  i npu t  i s  s u f f i c i e n t  t o  a l t e r  the ra t ings ,  and a  
system s i m i l a r  t o  t h a t  proposed f o r  Space Shut t le  which scored second i n  the 
evaluat ion, i s  the recommended system. 
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The pr imary techn ica l  problem i s  the  optimum s i z i n g  o f  the system w i t h  respect 
t o  n f i l l i n g "  the ca r t r i dge  w i t h  compacted waste. I n  the analyses performed by 
Fa i r ch i l d ,  i t  appeared t h a t  approximately a  50 man-day requirement or  about a  
one week cycle, would r e s u l t  i n  a  llreasonablen se rv i c ing  per iod and storage 
volume over the 540 man-day mission. The r e s u l t i n g  system was approximately 
the same s ize as tha t  generated f o r  the Shutt le,  and pena l t ies  were assessed 
accordingly.  

This system d i f f e r s  from the Shut t le  technique i n  t h a t  compacted waste i s  he ld  
a t  r e f r i g e r a t i o n  temperature (400F) f o r  the one week cyc le p r i o r  t o  ca r t r i dge  
removal and i n s e r t i o n  i n t o  separate long term f reezer  storage a t  OOF. The 
technical  concern o f  freeze-up i n  the  Shut t le  system i s  there fore  no t  a  
problem f o r  the Sta t ion  design, which does not see temperatures below 400F. 
The add i t i on  o f  a f reezer  f o r  used car t r idge storage does not  add techn ica l  
r i s k  bu t  does r e s u l t  i n  pena l t ies  f o r  cost, volume, power and on-board 
se rv i c ing  f o r  approximately weekly car t r idge changes. 

Overal l ,  the automated c o l l e c t i o n  features, simp1 i c i t y  o f  contro ls ,  safety, 
and the  major advantages o f  a  p o s i t i v e  compaction design capable o f  hand1 i n g  a  
va r ie t y  o f  wastes, r e s u l t s  i n  an a t t r a c t i v e  system f o r  Space Sta t ion  
appl icat ion.  

6.0 Recomnended Fol 'low-On E f  f arts 

6.1 Cartridge Compactor Fecal Collection System Developnent 

F a i r c h i l d  recommends tha t  a  fol low-on e f f o r t  t o  t h i s  study be i n i t i a t e d  by the  
NASA t o  develop t h e  Cart r idge Compactor feca l  c o l l e c t i o n  design f o r  Shut t le  
and Space Sta t ion  appl i ca t ion .  

A phased development e f f o r t  could be implemented as fo l lows:  

Phase 1 - Prelim.inary spec i f i ca t ions ,  design requirements, and compactor 
design, 

Phase 2A - Implement Shut t le  pecu l ia r  design requirements, s i z i n g  vacuum 
dry ing  impact, prototype design and fabr ica t ion  ground tes ts ,  
and Shut t le  f l i g h t  tes ts .  

Phase 2B - Implement Space S ta t i on  pecul iar  design requirements, s iz ing ,  
on-orb i t  serv ic ing,  r e f r i g e r a t i o n  impact, prototype design and 
f a b r i c a t i o n  ground tests,  and Shut t le  f 1  i g h t  tes ts .  

The Phase 1 e f f o r t  involves development o f  a  basic design f o r  the main 
elements o f  the ca r t r i dge  compactor f eca l  c o l l e c t i o n  system. This p o r t i o n  o f  
the  study would be concerned w i th  the cornfiguration o f  the  st ructure,  s i z i n g  
i n te rna l  mechanisms such as the bellows and r e t u r n  springs, overr ide or  
mechanical operat ion, a i r f l o w  requirements, c o l l e c t i o n  seat conf igurat ion,  and 
cont ro ls  operation. Approximately a  5-6 month design study e f f o r t  i s  
ant ic ipated.  
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If t h i s  design were t o  be considered f o r  both Shut t le  and Space Stat ion,  then 
Phase 2A and Phase 2B would be recommended f o r  sequential  implementation. If 
t h e  i n ten t  were t o  u t i l i z e  t h i s  concept f o r  S ta t ion  on ly  then P5ase 28 would 
f o l l o w  Phase 1. 

Phase 2A and/or Phase 2B involves development o f  the design generated i n  Phase 
1 f o r  s p e c i f i c  app l ica t ion  t o  Shut t le  and/or Space Stat ion. These e f f o r t s  
would be concerned w i t h  the s p e c i f i c  processing method involved (vacuum dry ing  
m d / o r  r e f  r i g e r a t i o n ) ,  replacement and serv ic ing,  appropriate contro ls ,  design 
and f a b r i c a t i o n  of t e s t  hardware, 1-g ground tests,  and f l i g h t  t e s t  of a 
protot& u n i t .  Approximately a 12-14 month e f f o r t  i s  an t ic ipa ted  t o  
irnple e i t h e r  Phase 2A or Phase 28. I f  both phases were t o  be implemented, 
taka1 @lapsed time would be approximately 18 months. 
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APPENDIX A 

SYSTEM REQUIREMENTS 

Fecal Waste Collection Cartridge Compactor 
Subsystem Requirements Specification 

3. REQUIREMENTS 

3.1 Fecal Waste Collector Subsystem (FCS) Definition. The FCS will be used 
for collecting, storing, and drying fecal wastes and associated toilet paper. 

The FCS will accommodate both male and female occupants in zero gravity and in 
one g with vehicle in the horizontal position. Fecal waste will not be 
handled by the crew. Fecal waste will be dried by exposure to space ambient. 
Air flow will be used for directional control of the fecal waste. There will 
be no water flush in the fecal waste subsystem. 

3.1.1 Item Diagram 

Figure 1 and 2 is a schematic of the FCS. 

3.1.2 Interface Definition 

3.1.2.1 Electrical Power Characteristjcs. The electrical power 
characteristics at the FCS interface shall be in accordance with Rockwell 
Specification MF0004-002. 

3.1.2.2 Instrumentation. Operational instrumentation (01) and development 
flight instrumentation (DFI) interfaces shall be in accordance with Rockwell 
Specification MF0004-006. 

3.1.2.3 Power Characteristics. The FCS shall perform as specified herein 
with input power meeting the requirements of Rockwell Specification MF0004-002 
for main dc power (28 vdc) and for inverter ac power (400 Hz, 15 vac, 3 
phase). 

3.1.2.4 Electrical Connectors. The seller shall define the appl icable 
connectors and submit to buyer for approval. - 

3.1.2.5 Urine Collection Subsystem. The fecal collection subsystem shall 
provide a mounting interface for the Urinal Receptacle. 

3.1.2.6 Fan Separator Airflow. Directional control of fecal waste shall 
utilize the airflow provided by the Fan Separator. 

3.1.2.7 Vacuum Port. The pressure chamber of the fecal collection unit shall 
uti 1 ize a Femal Dynatube Fitting, Part Number ME273-0126-1628 for interface 
with the vacuum vent system. The locations shall be coordinated with the 
buyer. 
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3.1.3 Item and Major Components Identification. The i d e n t i f i c a t i o n  o f  t he  
FCS i tems and i t s  major components s h a l l  be TBD. 

3.1.4 Buyer Furnished Property. The f o l l o w i n g  items w i l l  be suppl ied by t h e  
buyer and s h a l l  be incorporated i n  the  FCS. (TBDJ 

3.2 Characteristics. 

3.2.1 Performance . 
3.2.1.1 L i f e  Performance. The FCS s h a l l  be designed t o  p rov ide  the  most cos t  
e f f e c t i v e  1 i f e  capabi 1  i t y ,  cons ider ing minimum maintenance and refurb ishment  
as we1 1 as s ta te -o f  - the-a r t  hardware design. Upon complet ion o f  t r a d e o f f s  by 
the s e l l e r  t o  e s t a b l i s h  the  optimum r e 1  a t i onsh ip  between hardware 1 i f e  
capabi 1  i t y ,  maintenance, and refurbishment,  t h e  f o l l o w i n g  1 i f e  o b j e c t i v e  w i  11 
be changed t o  requirements. 

3.2.1.2 Useful Life.  As a design ob jec t i ve ,  t he  FCS s h a l l  have a minimum 
use fu l  l i f e  o f  20,000 hours, which are equ iva len t  t o  100 o r b i t a l  missions i n  a  
10 year per iod  f rom date of de l i ve r y .  The average o r b i t a l  miss ion w i l l  be 7 
days; however, t h e  design s h q l l  no t  preclude the  c a p a b i l i t y  t o  extend t he  
o r b i t a l  s tayt ime up t o  30 days. Prevent ive maintenance, se rv ic ing ,  r e p a i r ,  
and replacement o f  p a r t s  s h a l l  be cons is ten t  w i t h  t h e  S e l l e r ' s  t r a d e o f f  
r e s u l t s  as agreed t o  by t h e  buyer. 

3.2.1.1.3 Shelf Life.  As a design ob jec t i ve ,  the  FCS s h a l l  he capable o f  
opera t ing  i n  accordance w i t h  t he  requirements s p e c i f i e d  here in  any t ime w i t h  a  
per iod  o f  10 years from date of de l  i v e r y  when exposed t o  the  environment o f  
3.2.5. 

3.2.1.2 Collector Assembly. The co l  l e c t o r  assembly s h a l l  accommodate both 
male and female crew and s h a l l  con ta in  t he  f e c a l  waste c o l l e c t o r ,  c o n t r o l  
va lv ing,  ins t rumentat ion,  in te rconnec t ing  plumbing, and mounting framework. 
':he waste c o l l e c t o r  s h a l l  have a storage capac i t y  equ iva len t  t o  60 man-days of 
vacuum d r i e d  feces and t o i l e t  t i ssue .  Each man-day usage r e s u l t s  i n  0.27 
pounds o f  f e c a l  and paper waste which inc ludes 0.2 pounds o f  moisture.  The 
assembly s h a l l  accommodate a t  l e a s t  f o u r  usages per hour, and s h a l l  no t  
r e q u i r e  feca l  waste handl ing. A l l  po r t i ons  o f  the  assembly exposed t o  space 
vacuum s h a l l  w i thstand a t  l e a s t  16.0 p s i a  cabin pressure w i thou t  damage. 
Prov is ions  s h a l l  be made t o  prevent p a r t i c u l a t e  waste carry-over du r i ng  vacuum 
dry ing.  The assembly s h a l l  remove bacter ia ,  and f e c a l  odors, sk in ,  h a i r  and 
other  body p a r t i c l e s  f rom the  entrainment a i r  through t he  e x i s t i n g  f i l t e r  
system before r e t u r n i n g  i t  t o  the  cabin. 

3.2.1.4 Leakage/Venting. The average cabin a i r  l oss  through an empty 
c o l l e c t o r  due t o  ven t ing  and leakage s h a l l  no t  exceed 1.3 l b  per day. Nomina? 
defecat ion frequency w i l l  be one defecat ion per  man per day f o r  s i x  men. 
Pressure l i nes ,  va lves and f i t t i n g s  leakage s h a l l  no t  exceed 10-4 sccs hel ium 
a t  14.9 psid.  
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3.2.1.4 Co l lec tor  Assembly Configuration. Foot and body r e s t r a i n t s  which 
f a c i l i t a t e  usage of the assembly wh i le  the o r b i t e r  i s  performing space 
operations sha l l  be provided. The f o o t  support s h a l l  inc lude f o o t  r e s t r a i n t s  
and s h a l l  be adjustable. Toe r e s t r a i n t s  s h a l l  be provided. The body 
r e s t r a i n t  s y s t m  s h a l l  r e t a i n  the crew person i n  the proper l oca t i on  and 
pos i t ion .  The waste c o l l e c t o r  assembly s h a l l  inc lude a p i s ton  compactor 
operated by d t f f e r e n t i a l  a i r  pressure t o  compact waste i n  a storage area o f  
the c o l l e ~ . t o r .  The t ransport  tube inner surfaces s h a l l  be designed t o  
minimize feca l  re ten t ion .  The b a l l a s t  a,-ir f low and comnode repressur iza t ion  
i n l e t s  s h a l l  be routed t o  the f r c n t  ccver o f  the c o l l e c t o r  assembly. 
Arrangement o f  manually con t ro l l ed  ~ ? ? v e s  and devices and nomenclature s h a l l  
f a c i l i t a t e  operat ion o f  the assembly. I n te r l ocks  s h a l l  be provided which 
prevent vacutr\ vent ing (d ry ing)  p r i o r  t o  closure and seal ing o f  the waste 
co l  l e c t o r  a c ~ e s s  . 
3.2.1.5 Odor/Bacterial F i l t e r .  The c o l l e c t i o n  a i r f l o w  s h a l l  i n te r face  w i t h  
the e x i s t i n g  odor lbac ter ia l  f i l t e r  which meets t h e  f o l  lowing requirements: 

a. The f i l t e r  s h a l l  be capable o f  f i l t r a t i o n  o f  contaminated a i r  from the 
FCS a t  a f low r a t e  o f  38 scfm. 

b. The f i l t e r  s h a l l  be capable ~f operat ing i n  a maximum pressure o f  16 
psia. 

c. The f i l t e r  s h a l l  be capable o f  operat ion a t  an a i r  f l ow  r a t e  o f  38 
scfm. 

d. The pressure drop across the f i l t e r  shal: not exceed 2.35 inches o f  
water a t  a 38 scfm a i r  f low ra te .  

e. The f i l t e r  s h a l l  be capable o f  removing 99.999 percent o f  a l l  
p a r t i c l e s  0.45 microns o r  1 arger. 

f. The f i l t e r  s h a l l  be capable o f  support ing a minimum d i f f e r e n t i a l  
pressure o f  1.0 ps i .  

g. The t o t a l  weight o f  the f i l t e r  s h a l l  not exceed 7.5 pounds. 

3.2.2 Physical Character is t ics.  

3.2.2.1 Envelope. The envelope n f  the WCS s h a l l  no t  exceed the dimensions 
shown i n  Figure 3. 

3.2.2.2 Mounting. The sel l e r  sha l l  determine the  requi red mounting 
prov is ions and s h a l l  submit t o  buyer f o r  approval. 

3.2.2.3 Weight. The weight o f  the Fecal Co l l ec t i on  Un i t  s h a l l  not exceed 76 
pounds. This weight does no t  include expendables. 

3.2.2.4 CG and Manents o f  I ne r t i a .  The center o f  g r a v i t y  (CG) o f  the FCS 
sha l l  be determined i n  three axes from a def ined referenced datum. 
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3.2.2.5 Factors o f  Safety. The f a c t o r s  o f  s a f e t y  s p e c i f i e d  below are minimum 
and s h a l l  be used f o r  the  FCS components. 

Components *Proof 

Tanks, Valves 1.5 

Pressur ized 1 ines and f i t t i n g s  2.0 
less than 1.5 i nch  diameter 

1.5 inch  diameter o r  greater  1.5 

*Note: Factors t imes maximum operat ing pressure 

3.2.2.6 Pressure Vessels. The use o f  pressure vessels i s  discouraged bu t  i f  
used, pressure vessel s h a l l  be designed t o  the  requirements o f  MC999-0097. 

3.2.2.7 Monitoring Devices. Analog and d i s c r e t e  s i gna l s  prov ided t o  the  
buyer mon i to r ing  devices s h a l l  be i n  accordance w i t h  3.1.2.2. The FCS s h a l l  
have as a minimum the f o l l o w i n g  mon i to r ing  devices: 

Absolute Presure Transducer 0.0 t o  2.0 ps ia ;  output t o  buyer s h a l l  be 
0.0. t o  5.O.volt analog. 

S t a r t  Switch Event 28 vdc d i s c r e t e  

Redundant Switch Event 28 vdc d i s c r e t e  

Fan/Separator Motor Speed Tach Sicjnals 
I nd i ca to r s  ( 2 )  

3.2.2.8 Surface Finishes. A l l  e x t e r i o r  surfaces o f  the FCS, except the  seat, 
s h a l l  be l i g h t  gray i n  co lo r .  The seat s h a l l  be a normal polyurethane co lo r .  
A l l  surfaces o f  the FCS t h a t  r e q u i r e  p a i n t  s h a l l  rece ive  a pr imer coat o f  
Super Koropon R-515-700/R910-704 (DeSoto, fnc., Des Plaines, I LL )  and a f i n a l  
cos t  o f  MIL-C-332186 polyurethane p a i n t  l i g h t  gray i n  accordance w i t h  c o l o r  
NO. 36622 o f  FED-STD-595. 

3.2.2.9 Test Points. The s e l l e r  s h a l l  de f ine  t h e  t e s t  po in t s  necessary f o r  
checkout o f  the  FCS and submit t o  buyer f o r  approval .  

3.2.2.10 Waencalture and Markings. The FCS nomenclature and markings s h a l l  
be i n  accordance w i t h  MF0004-019. 
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3.2.3.1 Redundancy. The FCS s h a l l  be designed so tha t  any s ing le  f a i l u r e  
sha l l  not r e s u l t  i n :  

a. Loss o f  the cabin atmosphere. 

b. Contamination o f  the cabin atmosphere. 

3.2.3.2 Failure Deterent m d  Detection. The FCS design sha l l  incorporate the 
fo l lowing:  

a. Separation o f  Redundant Equipment . Redundant subsystems, and 
redundant major elements ( i f  used) o f  subsystems, panels, power 
suppl ies, tanks, contro ls ,  s h a l l  be separated by the maximum p r a c t i c a l  
distance, o r  otherwise protected, t o  insure tha t  an unexpected event 
t h a t  damages one i s  no t  l i k e l y  t o  prevent the other from performing 
the  funct ion.  

b. Pro tec t ion  o f  Redundant Components. To the extent p rac t icab le  
redundant components suscept ib le t o  s im i l a r  contamination or  
environmental f a i  1 ure causes such as shock, v ib ra t ion ,  accelerat ion o r  
heat loads s h a l l  be phys i ca l l y  o r ien ted  o r  separate t o  reduce the  
change o f  mu1 t i p l e  f a i l u r e  from the same cause(s1. 

c . Redundant E l e c t r i c a l  C i r c u i t s  . Redundant e l e c t r i c a l  cont ro l  c i r c u i t s  
s h a l l  not be routed through the same connector. Redundant connectors 
and e l e c t r i c a l  wi re bundles s h a l l  be located such t h a t  an event which 
damages one i s  not l i k e l y  t o  damage another. Redundant components 
s h a l l  not be powered from the same power bus. 

d . Redundancy Ver i f i ca t i on .  Each path o r  redundant subsystem s h a l l  be 
capable o f  v e r i f i c a t i o n  o f  operat ional s tatus dur ing f l i g h t .  During 
ground turnaround, operabi 1 i t y  o f  a1 1 redundancies s h a l l  be capable of 
being v e r i f i e d .  

e. Leak Pro tec t ion  - External Ports. External por ts  used f o r  ground 
se rv i c ing  s h a l l  incorporate provisions t o  preclude leakage i n  f l i g h t  
where such 1 eakage could r e s u l t  i n  subsystem performance degradation. 
A disconnect and associated sea l ing  cap may be considered as redundant 
components. 

f . Checkout Point  Connection. E l e c t r i c a l  and f l u i d  ground checkoflt t e s t  
po in ts  will permit  normal planned subsystem checkout t o  be made 
w i thout  disconnect ing tub ing  or  e l e c t r i c a l  connectors normal l y  
connected i n  f 1 i g h t  . 

g. Jo in ing  Techniques. Tubing and f i t t i n g s  sha l l  be j o i n t e d  by brazing, 
welding o r  some other equivalent permanent j o i n i n g  technique, except 
where mechanical disconnects are requ i red  f o r  replacement and 
serv ic ing ,  o r  where components would be adversely affected by the  
j o i n i n g  technique. 
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h. Trans ient  Caused Fa i l u res .  Subsystems s h a l l  be designed such t h a t  
t r a n s i e n t  ou t  o f  t o l e rance  cond i t ions  o r  component f a i l u r e s  w i l l  no t  
cause other  component/subsystem f a i l u r e s .  

i . Inadver tent  E l e c t r i c a l  Shor t ing due t o  Debris.  Ma l func t ion  o r  
inadver ten t  opera t ion  o f  e l e c t r i c a l  o r  e l e c t r o n i c  equipment caused by 
exposure t o  conduct ing o r  non-conducting deb r i s  o r  f o r e i g n  m a t e r i a l  
f l o a t i n g  i n  a  g r a v i t y  f r e e  st-ate s h a l l  be prevented by design. 

j. G r a v i t y  S e n s i t i v i e  Components. G rav i t y  s e n s i t i v e  components ( i  .e., 
1  i g h t i n g l y  spr ing- loaded check valves, scavaging type  water separators,  
e tc . )  which a re  requ i red  t o  f u n c t i o n  i n  e a r t h  g rav i t y ,  must be 
o r i e n t e d  t o  n e u t r a l i z e  g r a v i t y  e f f e c t s  i n  the  v e r t i c a l  and h o r i z o n t a l  
( v e h i c l e )  modes. If hardware packaging cannot s a t i s f y  t he  above 
o r i e n t a t i o n  requirement, the g r a v i t y  s e n s i t i v e  components w i  11 no t  be 
used. 

k .  V i b r a t i o n  Sens i t i ve  Components. S o l i d  s t a t e  switches and a m p l i f i e r s  
s h a l l  be given preference over electromechanical  r e l a y s  and o the r  
v i b r a t i o n - s e n s i t i v e  e l e c t r i c a l / e l e c t r o n i c  p a r t s  i n  base1 i ne  design 
con f igura t ions  cons is ten t  w i t h  range s a f e t y  requirements. Sealed-type 
t e rm ina l  b locks s h a l l  no t  be used. 

1. Fat ique Fa i lu res .  F l e x i b l e  l i n e  sect ions s h a l l  be designed t o  
prec lude poss ib l e  f a t i g u e  f a i l u r e s  r e s u l t i n g  from induced v i b ra t i ons .  

m. Securinq. Threaded Parts. Threaded pa r t s  and fasteners s h a l l  be 
p o s i t i v e l y  iocked t o  prevent loosening du r i ng  serv ice .  

3.2.4 Maintainability 

3.2.4.1 Design Allocations. The design s h a l l  s a t i s f y  the  f o l  lowing 
ma in ta i nab i l  i t y  a l l oca t i ons :  

a. On-orb i ter  f a u l t  i s o l a t i o n  u t i l i z i n g  on -o rb i t e r  t e s t  c a p a b i l i t y  o r  
app l i cab le  GSE w i t h i n  0.5 hours. 

b. Odor/bacter ia f i l t e r s  s h a l l  be rep laceable i n  15  minutes. 
(Assume/assure f r e e  access .) 

c.  On-orb i ter  c a r t r i d g e  replacement and func t iona l  checkout a f t e r  w i t h i n  
0.5 hours. 

d . LRU o f f  -o rb i  t e r  f a u l t  i s o l a t i o n ,  SRU removal /rep1 acement and 
f u n c t i o n a l  checkout o f  each LRU w i t h i n  8.0 hours. 

e. Scheduled maintenance requ i red  f o r  equipment s h a l l  be l i m i t e d  t o  
replacement o f  t ime l cyc le  sens i t i ve  equipment . 



FAIRCHILD 18 January 1985 
O#CUI&.lC C O U M N V  

3.2.4.2 Design Features. The design sha l l  incorporate the  fol1ok:ing 
maintainabi 1 i t y  features. 

3.2.4.2.1 Maintenance. 

a. The FCS s h a l l  be designed t o  preclude the  use o f  special  t o o l s  and 
equipment f o r  s i t e  maintenance and repa i rs .  

b. Special too ls ,  i f  required, and approved by the  buyer, s h a l l  be 
designed t o  withstand the intended use throughout the l i f e  o f  the 
equipment . 

c. I n ten t i ona l  blank. 

d. LRU1s s h a l l  be designed so tha t  rou t i ne  co r rec t i ve  maintenance can be 
accomplished a t  the shop l eve l  o f  maintenance. Repair o f  LRUts s h a l l  
be accompl ished by the  rep1 acement o f  Shop Rep1 aceabl e Un i t s  (SRU s)  . 

e. SRU's s h a l l  be designed so t h a t  maintenance act ions not r e q u i r i n g  
extensive re fab r i ca t i on ,  refurbishment can be accompl ished a t  the shop 
l e v e l  of maintenance. Correct ive maintenance o f  SRU's s h a l l  be 
accompl i shed by the replacement o f  minor subassemblies o f  piece par ts .  
SRU's s h a l l  be designed t o  preclude the l oss  or  dropping o f  hardware 
which could cause i n t e r n a l  damage or a f f e c t  t h e  LRU's s e r v i c e a b i l i t y  o r  
increase maintenance time. 

f .  The necessi ty  f o r  any maintenance se rv i c ing  or  checkout tasks, other  
than b u i l t - i n  t e s t  capab i l i t y ,  t o  be accomplished dur ing  f l i g h t  i s  
p roh ib i ted .  

g. lion on-vehicle adjustments or c a l i b r a t i o n  s h a l l  be requi red except as 
i d e n t i f i e d  elsewhere i n  t h i s  spec i f i ca t ion .  

h. Su i tab le  warnings s h a l l  be provided on i n s t r u c t i o n  p lates or serv ice 
placards i f  hazardous condit ions e x i s t  when maintenance i s  performed. 

i . In ten t i ona l  blank. 

j. Capab i l i t y  f o r  re fu rb i sh ing  the car t r idge s h a l l  be provided. The 
ca r t r i dge  assembly s h a l l  requ i re  the replacement o f  the f i l t e r  
subassembly only.  

3.2.4.2.2 I n s t a l l a t i o n  

a. The equipment design s h a l l  physical l y  prevent the i nco r rec t  
i n s t a l l a t i o n  o f  modules and sub-modules. C lea r l y  v i s i b l e  co lo r  coding 
and labe l  i n g  i n  close prox imi ty  t o  maintenance disconnect po in ts  s h a l l  
be used t o  f a c i l i t a t e  removal and replacement o f  any subassembly l e v e l  
o f  equ i pmen t . 

b. Components s h a l l  be mounted i n  a manner t o  avoid b l i n d  adjustments. 
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c. Mechanical r e t e n t i o n  devices f o r  equipment/components s h a l l  not 
r e q u i r e  lockwir ing,  except t h a t  t he  ME273-0126 female Dynatube f i t t i n g s  
a t  the  vacuum vent. 

d. F l u i d  and pneumatic in te r faces  t o  package i n s t a l l e d  LRU's s h a l l  
incorporate disconnects operable without r e q u i r i n g  specia l  t oo l s .  
Qu ick  disconnects, when u t i  1 ized, s h a l l  be se l f -sea l  i ng  upon 
disconnect w i t h  no leakage wh i le  disconnected and s e l f  purging when 
reconnected t o  prevent f l u i d  loss  and system contamination. 

e. If a component i s  mounted and secured by b o l t s  where the component 
must be he ld  i n  place u n t i l  the b o l t s  are engaged, p i l o t  keyhold 
mounting or  s i m i l a r  i n s t a l l a t i o n  a id  s h a l l  be provided. 

f .  Threaded fasteners used f o r  securing a s i n g l e  component, where 
p r a c t i c a l ,  s h a l l  be the  same type, size, and t e n s i l e  s t rength.  

g . Assembly/subassembly i n s t a l  1 at ions s h a l l  be designed such t h a t  
accessi b i  1 i t y  t o  threaded fasteners may be accompl ished wi thout  the use 
o f  un iversal  j o i n t s ,  angular extensions, handle extensions, o r  
combinations thereof ,  i n  conjunct ion w i t h  torque too l s .  

h. Capt ive fasteners s h a l l  be u t i l i z e d  t o  fas ten  LRU's. 

3.2.4.2.3 Accessibility 

a. The subsystem i n s t a l l a t i o n  s h a l l  provide adequate personnel access to, 
and t o o l  clearance between LRU1s. The removal o f  any LRU s h a l l  no t  
r e q u i r e  removal o f  any other  func t iona l  hardware, plumbing o r  w i r i ng .  
Tubing and w i re  run  p ro tec t i on  sha l l  be incorporated i n  t r a f f i c  areas 
and w i re  bundle accessi b i  1 i t y  s h a l l  be provided wi thout  i nva l  i d a t i  ng 
o ther  w i r i n g  c i r c u i t s  o r  t h e i r  r e l a t e d  equipments. 

b. E l e c t r i c a l  connectors s h a l l  be accessible wi thout  disassembly o r  
removal o f  f unc t i ona l  equipment o r  components. 

c. Serv ic ing  and t e s t  po in ts  s h a l l  be c l e a r l y  marked and s h a l l  be 
accessib le wi thout  r e q u i r i n g  removal o f  access p la tes  o r  covers except 
serv ice  caps. 

d. A l l  fasteners on a s i n g l e  access cover s h a l l  be o f  the same lemgth, 
diameter, and type. 

3.2.4.2.4 Replacement 

a. Mounting prov is ions s h a l l  permit  SRU removal and repliaaement w i thout  
disconnect ing any equiva lent  l e v e l  SRU i n  t h e  l i n e  riipilhce.able u n i t .  
I f  removal o f  a LRU s t r u c t u r a l  element i s  requi red For access, such 
removal s h a l l  not  a f f e c t  e l e c t r i c a l  o r  mechanical a1 ignment, nor s h a l l  
t he  mechanical s t rength o f  the u n i t  be impaired t o  the po in t  t h a t  
bending o f  the  u n i t ,  i t s  assemblies, e l e c t r i c a l  harnesses, or plumbing 
attachments, w i  11 occur dur ing normal bench hlandl i ng  o f  the un i t .  
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b. In terconnect ing plumbing and w i re  runs s h a l l  be o f  su i t ab le  
attachment, length, and mounting t o  f a c i l i t a t e  LRU replacement. Attach 
f i t t i n g s  f o r  components r o u t i n e l y  removed a f t e r  each mission s h a l l  be 
operable wi thout  hand too l s  and sha l l  be accessible without r e q u i r i n g  
removal o f  access panels or covers. 

3.2.4.2.5 Hand1 ing . 
a. Handling prov is ions s h a l l  be provided on LRU1s i n  accordance w i t h  MIL- 

STD-1472. 

b.  A l l  w i r ing  harnesses s h a l l  be protected from hand1 ing  damage. The 
p ro tec t i ve  considerat ions sha l l  not  i n h i b i t  r e p a i r  or  replacement o f  
t he  wire harness. 

3.2.5 Environments. 

3.2.5.1 Transportation (Packaged). The FCS sha l l  be capable o f  meeting the 
operat ing performance requirements spec i f ied  here in a f t e r  exposure t o  the 
f 01 lowing t ranspor ta t i on  condit ions when packaged. 

a. Temper a t  ure 

b. Pressure 

c.  Humidity 

Minimum ambient o f  minus 650F. 
Maximum ambient o f  p lus  1500F. 
Maximum compartment temperature 
wh i le  on ground o f  p lus  1900F 
f o r  one hour and plus 1500F for  
s i x  hours. 

Max?mum of  15.23 pounds per square 
inch absolute (ps ia)  (sea l e v e l ) ,  
minimum o f  3.28 ps ia  (35,000 f e e t ) .  

0 t o  100 percent r e l a t i v e  humdity, 
inc lud ing  condi t ions wherein con- 
densation takes place i n  the form o f  
water o r  f r o s t .  

d. Shock Refer t o  5.2.3 

e. V ib ra t i on  Refer t o  5.2.3 

3.2.5.2 Storage. The FCS s h a l l  be capable o f  meeting the operat ing 
performance requirements spec i f ied  herein a f t e r  exposure t o  the fo l l ow ing  
storage condit ions, when packaged. 

a. Temperature Minus 230F t o  p lus 150oF. 

b. Humidity 

c. Pressure 

0 t o  100 percent r e l a t i v e  humidity, 
inc lud ing  condit ions wherein con- 
densation takes place i n  the form 
o f  water or  f r o s t .  

Maximum o f  15.23 ps ia  (sea l e v e l ) ,  
minimum o f  9.76 ps ia  (10,000 f e e t ) .  
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g. H@-il and Snow 

h. Sa l t  Fog 
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Surface maximum 3 t o  6 pa r t s  per 
hundred m i l l  i on  (phm) ; 60 phm f o r  
1 t o  3  hours i n  any 24 hour period. 
100 phm a t  35,000 ft. 

As spec i f ied  i n MC999-0096. 

Equivalent t o  140 mesh s i l i c a  f l o u r  
w i th  p a r t i c l e  v e l o c i t y  up t o  500 f e e t  
per minute and a  p a r t i c l e  densi ty  o f  
0.25 grams per cubic foo t .  

Hai 1  (nominal ) diameter equals 0.30 
inches w i t h  a  f a l l  v e l o c i t y  o f  66 
feet/second. Snow o f  10.2 pounds 
per square foo t .  

Sal t  atmos'phere as encountered i n  
coastal areas, the  e f f e c t  o f  which 
i s  simulated by exposure t o  a  1.0 percent 
s a l t  so lu t i on  by weight. 

Maximum o f  19 inches i n  24 hour per iod 
inc luding shor t  period extremes f o r  one 
hour o f  four  inches. 

Solar r a d i a t i o n  of 377.6 ~ t u / f t Z / h r  fo r  . 
three hours i n  any 24 hour period. 

3.2.5.5 Ground Handling Loads. The FCS sha l l  be capable o f  meeting the  
operat ing performance requirements spec i f ied  here in a f t e r  exposure t o  the 
fo l l ow ing  ground hand1 i n g  loads when unpackaged. 

a. Handling Shock 
. - 

b. Design Shock 

c. Ho is t ing  Loads 

3.2.5.4 F l i g h t  Environments. 

Bench handl ing shock as spec i f ied  i n  MIL- 
STD-810, Method 516.1, Procedure V. 

20 g  terminal  sawtooth shock pulse o f  a  
11 mi l l i second durat ion i n  each o f  6  
axes. 

2  g  v e r t i c a l  w i t h i n  a  plus or minus cone 
angle o f  20 degrees. 

3.2.5.4.1 Operating. The FCS s h a l l  be capable o f  operat ing dur ing and a f t e r  
being exposed t o  any feas ib le  combination o f  environments spec i f ied  i n  a, b, c  
and d, and s h a l l  be capable o f  operat ing a f t e r  being exposed t o  any f e a s i b l e  
combination o f  environments spec i f ied  i n  e, f, g  and i. The FCS i s  no t  
requi red t o  operate a f t e r  being exposed t o  crash sa fe ty  environments. 



a. Temper a t  ure 
A tmospher i c 

St ruc tura l  

b. Pressure 

Cabin 

Ovierboard Pressure 

c. Re1 a t  i ve Humidity 

d. S a l i n i t y  

e. L igh tn ing  

f .  Accelerat ion 

g. Vibra t ion  

Mission Phase 

Random v i b r a t i o n  
occurs a t  l i f t o f f  
transomic, and 
Qmax 
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Sinusoidal 
v i b r a t i o n  r e s u l t s  
from wind gusts, 
sngine s t a r t  and 
,hutdown, s tag ing  
and landing. 

Minimum: 650F 
Maximum: 900F 

Minimum: 61oF 
Maximum: 1200F 

Mqaximum: 16.0 p s i a  
Minimum: 8.0 p s i a  
Rate o f  Chg: 1.0 psi /min 
Oxygen P a r t i  a1 
Pressure Max: 3.45 p s i a  

Minimum: Torr  . 
Atmosphere DiLuent - Nitrogen 

Maximum: 85 percent re1 a t  i ve  humidity 
a t  650F dry bulb, 17 percent 
a t  900F d ry  bu 1 b 

One percent by weight 

As spec i f ied  i n  MF0004-002, I n d i r e c t  

Plus or minus 5.0 g 

Accelerat ion spectra l  densi ty  increasing 
a t  the r a t e  o f  plus 6 dB/octave from 20 
t o  150 Hz; constant a t  .OJ g 2 / ~ z  from 
150 t o  1000 Hz; decreasing a t  t he  r a t e  
o f  minus 6 dB/octave from 1000 t o  2000 
Hz. The v i b r a t i o n  occurs f o r  a dura t ion  
o f  48 minutes per axis.  

Sweeps 5 t o  35 Hz a t  one octave per 
minute a t  .25 g ' s  peak. 



860 : MS 

h. Crash Sa fe t y  
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SJI + R iqh t  

There s h a l l  be no f a i l u r e  of t h e  mount ing 
attachment, and the  equipment s h a l l  
remain i n  p lace  and no t  c rea te  a hazard. 

i. Shock 

Landing Rectangular pulses of the  f o l l o w i n g  peak 
acce le ra t ions ,  t ime dura t ions ,  and 
numbers o f  appl i c a t i o n s  i n  t he  v e r t i c a l  /up 
d i r e c t i o n  d u r i n g  land ing:  

Acce le ra t ion  Durat ion 
( q  Peak) (Mi 11 i seconds ) Appl i c a t i o n  

3.2.5.4.2 Ferry Flight. The 'FCS s h a l l  be capable o f  meet ing t h e  performance 
requirements s p e c i f i e d  he re i n  a f t e r  exposure i n  a dra ined c o n d i t i o n  t o  any one 
o r  combination o f  t h e  f o l l o w i n g  environments. 

a. Pressure 

b. Temperature 

c. Humid i ty  

Maximum: 15.23 p s i a  
Minimum: 3.25 p s i a  

Maximum: Plus 1200F 
Minimum: Minus lOoF 

Maximum: 100 percent  re1  a t i v e  
Minimum: 8 percent  r e l a t i v e  

3.2.5.5 Checkout Environment (FCS Installed). The FCS s h a l l  be capable o f  
ope ra t i ng  as s p e c i f i e d  he re i n  a f t e r  exposure t o  environments spec i f i ed  as 
fo l l ows :  

a. Pressure 
Operat iona l  Leak Check Cabin pressure o f  18.0 p s i a  maximum 

a t  sea l e v e l .  

S t r u c t u r a l  30 p s i a  

b. Temper a t  u r e  
Cabin 350F minimum, 1200F maximum 
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8 t o  100 percent r e l a t i v e  humidi ty  
inc luding condi t ions wherein condensation 
takes place i n  the form o f  water or  
f rost .  

Sal t  atmosphere as encountered i n  coastal  
areas, the e f f e c t  o f  which i s  simulated 
by exposure t o  a  1.0 percent s a l t  so lu t i on  
by weight. 

3.2.6 Transportability. The FCS sha l l  be designed so as t o  be capable o f  
being handled and transported t o  us ing f a c i l i t i e s  wi thout  damage o r  
degradation, u t i  1  i z i n g  ava i l ab le  methods o f  t ransport  w i t h  the i tem prepared 
f o r  shipment. The equipment design sha l l  be compatible w i th  the planned 
packaging and t ranspor ta t ion  system t o  the extent  t h a t  loads induced i n  the 
equipment dur ing t ranspor ta t i on  w i l l  not produce stresses, i n t e r n a l  loads o r  
de f lec t ions  r e s u l t i n g  i n  damage t o  the equipment. 

3.2.6.1 Disassembly, Equipment requ i r i ng  disassembly f o r  shipment s h a l l  be 
designed t o  f a c i  1 i t a t e  disassembly and reassembly. 

3.2.6.2 Pressurization. Design s h a l l  not requ i re  pressur iza t ion  o f  tanks o r  
components to mainta in s t r u c t u r a l  i n t e g r i t y  dur ing shipment. 

3.2.6.3 Integral Protective Capability The equipment design s h a l l  
incorporate one o r  more o f  the fo l l ow ing  prov is ions f o r  p ro tec t i on  o f  
compon,ents which are h igh l y  vulnerable t o  damage dur ing  t ranspor t  and 
associated handling: 

a. Provide at tach po in ts  f o r  i n s t a l  i a t i o n  o f  temporary p ro tec t i ve  device 
(covers, re in fo rc ing  st ructure,  desiccant car t r idge,  a i r  
b rea ther / f  il t e r  heater, e tc .  ) . 

b. Make prov is ions f o r  removal o f  sens i t i ve  component ( s )  f o r  separate 
shipment . 

c. Provide " b u i l t - i n "  p ro tec t i ve  device (e.g., cover, caging o f  f ree-  
moving components, desiccant chamber, heater, e tc . ) .  

3.3 Design and Construct ion. 

3.3.1 Materials, Processes, and Parts. 

3.3.1.1 Material and Processes. Mater ia ls  and processes f o r  the FCS s h a l l  be 
i n  accordance w i t h  MC999-0096 t o  the  extent spec i f i ed  i n  the requirements 
tab le  o f  the purchase order. 

3.3.1.2 Parts Standardization. Parts u t i  1  i z a t i o n  s h a l l  be based upon: (1)  
se lec t ion  o f  q u a l i f i e d  par ts ,  ( 2 )  proper dera t ing  and app l ica t ion ,  and ( 3 )  
min imiz ing the number o f  p a r t  types. Parts used i n  design and f a b r i c a t i o n  
s h a l l  be selected from MF0004-100, and MF0004-400. 
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3.3.1.3 Material Compatibility. Mater ia ls  and processes used i n  f a b r i c a t i o n  
o f  the FCS sha l l  be compatible w i t h  the environmental condi t ions spec i f ied  
herein. 

3.3.1.4 Threads and Fasteners. Screw threads s h a l l  be i n  accordance w i t h  
MIL-S-7742 o r  MIL-S-8879 f o r  fastener u l t imate  t e n s i l e  strengths below 160,000 
pounds per square inch  (ps i ) .  MIL-S-8879 s h a l l  be used f o r  fastener u l t ima te  
t e n s i l e  strengths o f  160,000 p s i  or  greater, External threads i n  accordance 
w i t h  MIL-S-8879 f o r  fastener t e n s i l e  strengths o f  160,000 p s i  and greater s h a l l  
be produced by a s i n g l e  th read ro l l i ng  process a f t e r  f i n a l  heat t r e a t .  
(Exception t o  MIL-S-7742 and MIL-S-8879; the s ing le  element gaging procedures 
s h a l l  not be a requirement f o r  acceptance, but w i l l  be used as a reference 
method when acceptabi 1 i t y  i s  questionable). 

3.3.1.5 Purging. To prevent the  entrapment o f  contamination, dead end 
passages s h a l l  be capable o f  being automat ica l ly  purged whenever the assembly 
in te r faces  are subjected t o  purge condit ions. 

3.3.1.6 Filters and Strainers. The FCS sha l l  incorporate f i l t e r s ,  s t ra iners ,  
o r  equivalent  means t o  preclude de te r i o ra t i on  o f  performance o r  malfunct ion 
due t o  contaminants or p a r t i c l e  generation, en ter ing  contamination sens i t i ve  
components. Where f l ow  reversal  may occur i n  the un i t ,  f i l t e r s  o r  s t ra ine rs  
s h a l l  be included on both sides o f  the c r i t i c a l  contamination-sensi t i v e  
components. The replaceable u r i ne  pinch valve f i l t e r  s h a l l  be located 
upstream o f  a l i n e  f i l t e r  i n  the u r i n a l  hose assembly. 

3.3.2 Selecti~n of Specifications and Standards. Speci f icat ions and 
standards f o r  use i n  the design and construct ion o f  the FCS, other than those 
spec i f ied  herein, s h a l l  be selected i n  the order o f  precedence i n  accordance 
w i t h  MIL-STD-143, except t ha t  NASA documents, when su i tab le  f o r  the purpose 
s ha1 1 take precedence. 

3.3.3 Electranagnetfc Compatibility and Electrical Design. 

3.3.3.1 Electromagnetic Compatibility (EMC) . The FCS s h a l l  meet the 
electromagnetic in te r fe rence and compat i b i  1 i t y  requirements o f  MF0004-002 f o r  
Class 1D equipment. 

3.3.3.2 Electrical Design Requirements. E l e c t r i c a l  design requirements f o r  
t h e  FCS s h a l l  be i n  accordance w i t h  MF0004-002 t o  the extent  spec i f ied  i n  the  
requirements tab le  o f  the purchase order. 

3.3.3.2.1 Input Pwer Source. The FCS instrumentat ion s h a l l  operate from a 
28 vdc power source. Rotat ing motors sha l l  operate from a 115 vac o r  a 28 vdc 
power source. 

3.3.3.2.2 Power Consunption. The maximum power consumption o f  the FCS s h a l l  
n o t  exceed 220 watts ac and 50 watts dc. 
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3.3.3.2.2.1 Metal and Metal Couples, Restriction on Use. Metal j o i n t s  which 
r e q u i r e  e l e c t r i c a l  bonding s h a l l  be precise, dry,  and conducting. 
Nonconducting co r ros ion  i n h i b i t o r s  may be added a f t e r  j o i n t  assembly. 
conduct ing metal j o i n t s  s h a l l  be requ i red  f o r  e l e c t r i c a l  c i r c u i t  f a u l t - c u r r e n t  
re tu rn ,  e l e c t r o s t a t i c  corona prevent ion, and s t r u c t u r a l  s h i e l d i n g  from 
1 i g h t n i n g - s t r i  ke i nduc t i on  and av ion i c  in te r fe rence .  

3.3.3.2.3 Electrical and Electronic Piece-Parts, Closure Construction. 
E l e c t r i c a l  and e l e c t r o n i c  p iece pa r t s  w i t h  a l l -welded c losure  cons t ruc t ion  
s h a l l  be used. 

3.3.4 Identification and Marking. 

3.3.4.1 identification of Parts. Each p a r t  f a b r i c a t e d  s h a l l  be i d e n t i f i e d  
w i t h  a  p a r t  number. The same s p e c i f i c a t i o n  'or p a r t  number s h a l l  be used t o  
i d e n t i f y  a l l  l i k e  mater ia ls ,  processes, and pa r t s .  S e l l e r  s h a l l  assign a new 
p a r t  number t o  t h e  p a r t  when author ized changes make t h e  superseded p a r t  no t  
interchangeable w i t h  respect  t o  i n te r f ace ,  r e l i a b i l i t y ,  safety ,  l o g i s t i c s ,  
t raceab i  1  i t y  or performance. For t raceab le  i tems the  p a r t  i d e n t i f i c a t i o n  s h a l l  
a d d i t i o n a l  l y  i nc l ude  the manufacturer I s  i d e n t i f i c a t i o n  code i n  accordance w i t h  
DoD Handbook H 4-1, and be l o t  numbered o r  s e r i a l  numbered when requi red.  

3.3.4.2 Identification of Lines. Lines s h a l l  be i d e n t i f i e d  i n  accordance 
w i t h  MIL-STD-1247. 

3.3.4.3 Identification of A1 1 Development/Qual if ication Test Specimens. Test 
specimens s h a l l  be permanently and obv ious ly  i d e n t i f i e d  p r i o r  t o  test ing-w- i - th  
the words ENG. TEST ONLYu i n  a d d i t i o n  t o  the  i d e n t i f i c a t i o n  requ i red  by t h e  
Drawing/Speci f icat ion t o  preclude t h e i r  use on product ion items. The l e t t e r s  
s h a l l  be i n d e l i b l e  and p rov ide  a d i s t i n c t i v e  and v i v i d  con t ras t  w i t h  the  c o l o r  
o f  the specimen. The l e t t e r i n g  s i ze  and i d e n t i f i c a t i o n  l o c a t i o n  s h a l l  be 
c l e a r l y  v i s i b l e  t o  casual observat ion. Ma te r i a l s  used f o r  the  i d e n t i f i c a t i o n  
s h a l l  be compat ible w i t h  t h e  t e s t  specimen and i t s  opera t ing  environment. When 
the s i z e  o r  con f i gu ra t i on  o f  the t e s t  specimen i s  such t he  i d e n t i f i c a t i o n  
cannot appear on t h e  specimen, o ther  s u i t a b l e  means such as at tached metal tags 
s h a l l  be used. 

3.3.4.4 Nameplates. Nameplates s h a l l  be marked i n  accordance w i t h  MIL-STD- 
130 and s h a l l  i nc l ude  (as app l i cab le )  i tem name; buyer ' s  con t ro l  number; 
Federal Nor th  At1 a n t i c  T rea ty  Organizat ion Stock Number (FSN/NATO) ; 
manufacturer; da te  o f  manufacture; and manufacturer 's s e r i  a1 number, p a r t  
number, 1  o t  number, and code i d e n t i f i c a t i o n  number. Abbreviat ions, i n  
accordance w i t h  MIL-STD-12, may be used. 

3.3.5 Traceability. T r a c e a b i l i t y  s h a l l  be prov ided by ass ign ing a 
t r a c e a b i l i t y  i d e n t i f i c a t i o n  t o  i temslmajor component as i d e n t i f i e d  i n  3.1.3. 
Such i d e n t i f i c a t i o n  s h a l l  p rov ide  t he  means o f  c o r r e l a t i n g  each o f  i t s  
h i s t o r i c a l  records. Conversely t he  records s h a l l  be t raceab le  t o  each 
i tem/major component. 
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3.3.5.1 Traceability Classification. For lower t i e r  items, t raceab i  1  i t y  
c l a s s i f i c a t i o n s  s h a l l  be es tab l i shed  c l a s s i f y i n g  raw mater ia ls ,  pa r t ,  assembly, 
o r  end i t em f o r  determining t h e  marking and t r a c e a b i l i t y  records requ i red  ( o r  
excluded f o r  exempt i tems) f o r  t h a t  i tem. ;el l e r  subordinate suppl i e r  
engineer ing documentation (e.g., drawings and s p e c i f  i :at ions) s h a l l  s p e c i f y  
t r a c e a b i l i t y  o r  exemption f o r  items r'n accordance w-itlr t he  app l i cab le  
c l a s s i f i c a t i o n s  de f ined  i n  6.1. Electronic/Electrica1/Electromechanical p a r t s  
s h a l l  be t raceab le  by l o t  i n  accordance w i t h  MF0004-400, as a minimum. 

3.3.5.2 Traceability Identif icatfon. Each i t em i d e n t i f i e d  as t raceab le  
( re fe r  t o  6.1 f o r  Ts, TL, TM) s h a l l  have a t r a c e a b i l i t y  i d e n t i f i e r  i n c l u d i n g  
the  manufacturer 's code i d e n t i f i c a t i o n  number as l i s t e d  i n  Do0 Handbook H 4-1 
?nd a s e r i a l ,  l o t ,  o r  member number. The t r a c e a b i l i t y  i d e n t i f i e r  number s h a l l  
be assigned by t h e  manufacturer and s h a l l  no t  exceed 10 characters (alphas, 
numerics, dashes, e t c .  ) . 
3.3.6 Interchangeabi 1 ity and Replaceabi 1 ilty. The FCS components s h a l l  be 
interchangeable i n  accordance w i t h  the d e f i n i t i o n  o f  MIL-STD-280. 
Interchangeabi 1  i t y  and rep laceabi  1  i t y  (reference 3.2.4.1, b )  sha;: be a design 
feature f o r  a1 1 removable i tems/subassembl i es /pa r t s  designated as LRU1s o r  
SRU's. When removable items/subassembl i e s  con ta in  con t ro ls ,  w i r ing ,  hydraul  i c  
1  ines, etc., i n t e r c h a n g e a b i l i t y  s h a l l  be prov ided a t  the attachments o f  these 
items t o  t h e i r  next  assembly, as we?l  as f o r  s t r u c t u r a l  attachment o f  the 
assembly. 

3.3.6.1 Design Tolerances. Prov is ions s h a l l  be made f o r  design to lerances 
such t h a t  items having the dimensions and c h a r a c t e r i s t i c s  permi t ted  by the  
i tem spec i f i ca t i ons  o r  drawing are interchangeable w i thou t  s e l e c t i o n  o r  
department from t h e  spec i f i ed  equipment performance. 

3.3.6.2 Use of Standard Parts. When standard p a r t s  ( r e f e r  t o  3.3.1.2) are 
not ava i l ab le  and permission i s  granted f o r  use o f  a  non-standard p a r t  due t o  
u n a v a i l a b i l i t y  o f  the  standard par t ,  t he  equipment s h a l l  be designed so t h a t  
the non-standard p a r t  car) be rep laced by t he  standard par t .  Appropr ia te  
space, mounting holes,  and o the r  necessary p rov is ions  s h a l l  be prov ided f o r  
t h i s  purpose. 

3.3.7 Safety. The design and operat ion s h a l l  comply w i t h  the  f o l l o w i n g  
sa fe ty  requirements: 

a. A l l  handholds and handra i l s  s h a l l  p rov ide  a minimum clearance o f  2.0 
inches between the g r i pp ing  sur face and any adjacent s t r u c t u r e  and 
prov ide a minimum o f  5.5 inches o f  s t r a i g h t  grasping surface. 

b. Equipment s h a l l  r e v e r t  t o  a  sa fe  con f i gu ra t i on  when an i npu t  power 
loss  occurs. 

c. A l l  ma te r i a l s  i nc l ud ing  seals, gaskets, and l u b r i c a n t s  s h a l l  be 
compat ible w i t h  t he  serv ice  commodity. 

d. L ines s h a l l  be f i r m l y  supported and s h a l l  be independent ly clamped o r  
supported. 
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e. A l l  pressure vessels and rese rvo i r s  s h a l l  have an i s o l a t i o n  s h u t o f f  
va l ve  located as the  f i r s t  component downstream o f  the vessel and as 
c l o s e  as poss ib l e  t o  t he  vessel. 

f .  The FCS plumbing s h a l l  be marked t o  i d e n t i f y  t he  f u n c t i o n  and 
d i r e c t i o n  o f  f l u i d  f low.  

g. F i l t e r s  s h a l l  be rep laceable w i thou t  r e q u i r i n g  removal o f  f i l t e r  
housing, and s h a l l  be designed such t h a t  b a c t e r i a  i s  prevented f r om 
escaping d u r i n g  f i l t e r  replacement, and such t h a t  the crew i s  
s a n i t a r i l y  protected.  

h. Torque values f o r  a l l  b o l t s ,  connectors, and s i m i l a r  threaded 
componen8;s s h a l l  be s p e c i f i e d  i n  the  design . 

i . A l l  mechanical ac tua t i ng  devices s h a l l  have p o s i t i v e  mechanical stops. 

j. Access doors o r  covers which are no t  removable s h a l l  be of s e l f  
suppor t ing when open. 

k. A l l  f an  blades, pump impe l l e r s  and s i m i l a r  r o t a t i n g  mechan;;ms s h a l l  
have p r o t e c t i v e  devices such as a shear p in ,  f r i c t i o n  c lu tch ,  magnetic 
c l u t c h  o r  a  s i m i l a r  device t o  p r o t e c t  the d r i v e  mechanism. 

1. Equipment u t i l i z i n g  r o t a t i n g  mechanisms s h a l l  incorporate p rov i s i ons  
f o r  containment o f  f a i l e d  par ts .  Lock o r  l a t c h i n g  mechanisms s h a l l  be 
operable by a sirig1-e c o n t r o l  and prov ide c l e a r  v i sua l  ind icat r 'on o f  
l a t c h  pos i t i on .  

m. Con t ro ls  s h a l l  be designed and located t o  minimize inadver ten t  
a c t i v a t i o n .  

n. M a t e r i a l  which can s h a t t e r  s h a l l  not  be used unless p o s i t i v e  
p r o t e c t i o n  i s  prov ided t o  prevent fragments f rom en te r i ng  cabin 
environment o r  s t r i k i n g  personnel. 

o. Exposed sharp surfaces o r  p ro t rus ions  s h a l l  be e l  iminated. 

3.3.8 Human Perf onnance/Human Engineering. 

The design s h a l l  cons ider  the c a p a b i l i t i e s  and 1 i m i t a t i o n s  o f  the human 
opera to r  wherever a  man-machine i n t e r f a c e  ex i s t s ,  i nc l ud ing  torques, fo rces ,  
and other f u n c t i o n a l  design c h a r a c t e r i s t i c s  o f  con t ro ls ,  d isp lays,  and work 
s ta t i ons .  The p r i n c i p a l  design guide f o r  t he  man-machine i n t e r f a c e  s h a l l  be 
MIL-STD-1472. 
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3.3.9 Acoustical Noise. The FCS equioment s h a l l  no t  generate noise i n  excess 
o f  the f o l l o w i n g  sound pressure l eve l s  ( S P L )  a t  the  associated octave band 
center  frequency (OBCF) dur ing  operat ion w i t h  t h e  seat valve open and closed. 
Noise l e v e l  microphones s h a l l  be three f e e t  from the t e s t  u n i t  a t  f o u r  
loca t ions  n i n e t y  degrees apar t  around the u n i t .  (SPL values inc lude ambient 
background no i  se cor rec t ions) .  

Max. SPL ( d B  r e  2 0  ~ / m 2 )  OBCF (Hz)  
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APPENDIX B 

Non Recur r ing  and Recurr ing Cost Estimates 

SHUTTLE 

Non Recurr ing 
Fecal Phase I Phase I 1  Recurr ing Cost 
System DOTE /Proof 1 Pro to  System (per S/S based on 5 S/S) 

1. Fecal C o l l  Bag 62 5K 6 70K $520K (Bas ic)  
Vac/Heat Dry ing  + 7K (Bags /F l igh t )  

2. Fecal C o l l  Bag 610K 530K $450K 
Microwave Oven + 7K ( B a g s F l i g h t )  

3. Archimedean 95 5K 620K 
Screw/Vac Dry ing 

4 .  Bladder C o l l /  1,025K 575K 
Vac Dry ing  

5. Ca r t r i dge  Corn- 625K 410K 
pac to r  Vac. 
D ry i  ng 


