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The objective of Grumman's Manned Space Systems H a b i t a b i l i t y  
IR&D project i s  t o  develop g u i d e l i n e s  and design criteria for 
Space Station h a b i t a t  modules by focusing on three related func- 
t i o n a l  disciplines: human f a c t o r s ,  i n t e r i o r  architecture, and 
crew support. Specific objectives for the human f ac tor s  study 

are t o :  e s t a b l i s h  a data base of human performance c r i t e r i a ,  and 
requirements, define human factors guidelines and design crite- 
r i a  for habitation module i n t e r i o r  architecture, and e s t a b l i s h  
the methodology f o r  evaluating the man-machine i n t e r f a c e s  in- 

volved i n  habitation module interior design. 

This report includes an update of a study previously reported i n  
the  l a s t  Interim Report concerning the estimation of crew pro- 
ductivity on the Space Station. It's main thrust is to deter- 

mine the amount o f  crew on-duty overhead time required t o  
operate and maintain the Space Station. The amount of  on-duty 
t i m e  remaining represents the  avai lable  time t o  perform produc- 
t ive  custoEer operat ions .  This is the single most  critical 

criteria for determining the  cost-effectiveness o f  the  Space 

Sta t ion .  

Remaining port ions  of this report describes crew task and t i m e  

analyses f o r  the Galley and the Wardroom, the Personal Hygiene 
and Waste Collection Accomodations, and the  Exercise Facility. 

The final section describes the way in which the  full size Habi- 
t a t i o n  Module mock-up was used in i n i t i a l  evaluations o f  the 

Galley/Wardroom base l ine  and a l t e r n a t i v e  design concepts. 



Previous Manned Space Stations Habitability Human Factors 

reports provided initial human performance c r i t e r i a ,  and re- 

quirements and guidelines for Habitation Module i n t e r i o r  archi- 
tectural design. 
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1 - INTRODUCTION 
This is the final report of the Human-Factors study conducted as 

part of Grumman's Manned Space Systems Habitability IR&D projecr  
described in the Advanced Development Plan ,  WP-2 Space Station 
Definition and Preliminary Design Phase, 751B/GRO5-01 Grumman 
Aerospace Corporation, dated I May 1985. The overall objective 
of this Grcman IR&D project is to develop guidelines and design 
criteria for Space Station habitat modules by focusing on three 
related functional disciplines: human factors, interior archi- 
tecture and crew support. The human factors contribution to 
this project includes the following tasks: 

Establishing a data base of human productivity 
criteria/requirements 

a Defining human factors guidelines and design criteria 
for habitation module interior architecture 

a Establishing the methodology for evaluation of habita - 
tion module interior designs for conducting human fac- 
tors evaluation of habitation module mockups. 

The initial data base of human factors guidelines and require- 
ments was completed and is contained in the Interim Report. The 

initial productivity study described in the Interim Report has 
been updated and is included herein. Also included are detailed 
task and time analyses for the Galley/Wardroom, the Personal 

Hygiene and Waste Collection; and Exercise Facilities. In 
addition, a preliminary methodology was developed for evaluating 

the Habitation Module interior design. The mockup evaluation 
methodology was a p p l i e d  to examining Galley/Wardroom design for 
both the  ail Space Seatian Division (GSSD) baseline and 
alternative concepts. 



2 - SUMMARY 

Section 3 presents an update of the i n i t i a l  study to develop and 

analyze representative crew tasks and performance times, and 

which are used as a b a s i s  from which productivity assessments 

can be made. O r i g i n a l l y  i d e n t i f i e d  as Trade 2 6 ,  Human Praduc- 

t i v i t y ,  t h i s  effort evolved to be an evaluation criterion for 

system design. In the conduct of the study, eleven major  on- 

duty crew task categories were generated, their task times es- 

timated and a p p r o p r i a t e l y  assigned t o  each crew skill type com- 

prising the crew complement. The categories included: 
Logistics Resupply and Crew Changeout 

a OW Bertbing/Unberthing 

Station Maintenance Intravehicular Activities (IVA) and 
Extravehicular Activities (EVA) 

a F a c i l i t y  Cleandown 
Training 

Station Nanagement 
Planning 

EVA Support 
Lunch 

S h i f t  Handover 

Unscheduled Slack Time .  

On-duty averhead time estimates per crew specialty area (i. e., 

Station Operator, Mission Specialist and Payload Specialist) 

were determined along with t o t a l  crew time. Results indicated 

t ha t  4 5 . 8 %  of the  crew's t i m e  was required to be devoted to 

these c u s t o d i a l  activities t o  maintain the core s t a t i o n  in an 

o p e r a t i o n a L  c o n d i t i o n ;  and t o  serve as a base for performing 

on-orbit productive customer activities. 



The principal. contributors to this high level of overhead were 

EVA Station Maintenance' and Station Management, including the 
pre- and post-activities reqiiired for conducting EVA activities. 
As crew time is a measurably expensive resource, the primary 
objec t ive  of system design is to achieve and maintain high 
levels of human productivity by: 

a Integrating advanced technology options 
Applying sound human factors design principles r o  the 

man-machine interface 

Designing h a b i t a t i o n  for motivation and user acceptance. 

Sections 4, 5, and 6 report on the results of task and time 
analyses for the Galley/Wardroom, Personal Hygiene and Waste 
Collection, and Exercise Facilities. The results -indicate the 

basic design approach satisfies the operational requirements for 

achieving. the functional purposes of the specific accommoda- 
tions and the time requirements for crew performance. 

Section 7 describes the use of the. Habitation Module mock-up as 

a design tool and ways f o r  improving t he  design o f  the Galley/ 
Wardroom, The results showed that major improvements are needed 
in Galley work surface area, food selection techniques, d e s i g n  
of doors and drawers, Wardroom table design, and in loose item 
retention techniques. However, the overall arrangement of the 

Galley, with respect to the work flow associated with meal set- 
up, food retrieval and preparation, food cooking and dispensing, 
and serving and clean-up, appears to satisfy the needs for effi- 

ciency, safety and traffic flow for a crew of eight. 



3 - HUMAN PRODUCTIVITY 

3.1 OBJECTIVES 
Human Productivity is considered an evaluation criteria to be 

used in assessing the economic feasibility of alternate ap- 

proaches to Space Station design, rather than as a t r a d e  study 
in itself. Principal elements a-re: 

a The cost of resources provided to the crew to enable 
them to generate usable output 

a The amount of  time requ ired  by the crew t o  perform the 

tasks  needed to generate usable output. 

To date, the major thrust of GSSD$ Human Productivity effort has 

been on determining the tasks and t a s k  times for that  portion of 
on-duty crew time associated with overhead, i.e., those tasks 

needed to maintain and operate the core facility. Subtracting 

the estimated on-duty overhead time from the total 12 hours al- 
located daily work time yields the amount of tine available for 
supporting customer payload operations. The latter represents 

on-duty productive time. 

The distinction between the a c t i v i t i e s  a n d  time spenr by opera- 
tional personnel in tending t3e core facility, versus supporting 

and iqlementing customer activities, is one of the central is- 

sues in Space Station human productivity. 

3 . 2  SCOPE 
This r e p o r t  begins  by describing the results of an i n i t i a l  
presented in Section 4 of G S S D ~  Hanned Space Systems Habitabil- 
ity Human Factors Interim Report SSOOS/ATD-OG, dated 3 A p r i l  

1 9 8 6 ,  e n t i t l e d  "Crew Task Allocations and Time Estimates." The 

purpose of that study was to initiate development of represen- 



tative Space S ta t ion  crew tasks and t o  estimate their perform- 
ance times as a bas i s  from which productivity assessments could 
b e  made. This e f f o r t  focused on the on-duty crew overhead ac- 
tivities required t o  operate and maintain core Space Station 

f a c i l i t i e s  w i t h  a c r e w  of s i x .  

The crew activities investigated and descr ibed  were concerned 
w i t h  both IVA and EVA on-duty overhead tasks that, in general, 

included : 
a Proximity operations 
a Station maintenance and sh i f t  handover 

Logistrcs and housekeeping 
a Station management 
a Planning 

Training 

Eating.  

Task definition was, in  most cases,  a t  a top l eve l  of descrip-  
t i o n .  The methods of  task d e f i n i t i o n  and time determination 

varied and included: 

a Rationale assessment 
Use of a v a i l a b l e  analogs 

a Use of expert opinion,  i.e,, f l i g h t  personnel and eng t -  
neering designers 

a Simple task analysis 
Use of  e x i s t i n g  studies 
Consideration of NASA guidelines, 

The results of this i n i t i a l  study are described i n  Subsection 
3 . 3 ,  and its method formed t he  b a s i s  for examining the cask and 

rime al locat i 'ons  for a crew complement o f  e i g h t .  The r e s u l t s  o f  
t h i s  f o l l ow  on study are described in Subsection 3 . 4  of this r e -  
port .  



3 . 3  RESULTS OF INITIAL STUDY FOR A CREW COMPLEMENT OF SIX 

3.3.1 Groundrules & Assmgtions 

1. Space S t a t i o n  configured a s  follows: 

a Two Habitability Modules 
Two Laboratory Modules 
One Logistics Module, 

2. The mix o f  crew skilLs on each 12  hour s h i f t  inc luded:  

a One Station Specialist (in charge of the S t a t i o n  and 

whose p r i n c i p a l  activities are in systems management and 

in the support of science and payload opera t ions )  
Two Mission Specialists (subordinate to S/S Commander and 

whose main purpose is to perform EVA, Remote ManLpula- 

tion Systems (RMS), Orbit Maneuvering Vehiclelorbit 

Transfer Vehicle (oMV/OTV) and custorrer opera t ions ) .  

3 .  Overhead was considered any activity concerned with operat- 
i n g  or maintaining the core s ta t ion ,  

4 .  Productive time was considered any activity concerned with 

performing customer o p e r a t i o n s .  

5 .  As most major activities have some element of "Housekeep- 
ing" or "Logistics" i n h e r e n t  in them, there w a s  no separate 

breakdown for these categories. Hence, they are included 

in their respective overhead or productive categories. 

6. EVA and ZVA Scheduled and Corrective (Unscheduled) mainte- 

nance manhours were derived from Rockwell ~nternational's 

(RI) "top down" analysis a s  per t h e i r  D R - 0 7  Operations 

Planning, AppenGtx C, On-Orbit Maintenance Plan, S S S 8 5 -  

0208, dated 20 December 1985. 



7 .  The analog for Space Station Facility Cleandown was the 

f i n a l  Foreign Object Debris  (FOD) for Grumman's E-2C air- 

c r a f t  a s  performed by i t s  manufacturing department. 

8. The main assumptions for logistics resupply/erew changeout 
inc Lude d : 
a The Space Station RMS berths and releases the orbiter 

The o r b i t e r  RMS removes and replaces the logistics mod- 
u le  

a All 12 crewmembers eat during this period but not neces- 
s a r i l y  at the same time 

a All Space Station disconnect/closeout and reconnect/ 

start-up a c t i v i t i e s  occur and are chargeable t o  t h i s  
period as overhead 

a Low g-sensitive payload and/or experimental o p e r a t i o n s  
occurring during this period are suspended 
The orbiter commander stays in the orbiter 
This event will occur approximately six ti'mes per year 
and will involve every member of the crew during its 

eight hour duration. 

9. The arrival and departure flight control operations associ- 

ated with the OMV begin and end at a range of 12,000 feet, 

respectively. 

10. A 15 minute/day/crewmember budget was es tab l i shed  f o r  

t r a i n i n g .  

I I .  It was generally assumed that; for S t a t i o n  Xanagenent, 

decision-making would be augmented by expert systems and 

executive (supervisory) c o n t r o l  systems such that systems 
status and control could be made in a rapid and efficient 
manner. Subsystems affected would include: 

ECLSS 
a Propulsion 



a Conrmunications and Tracking 
EPS 

a GN&C 

DMS 
a T?.ermaL Control  

Habitability. 

12, Specific assumptions concerning Station Management included 

the following: 

Cricical functions would probably be automated, but 

would also be supervised full time by a crewmember dur- 

ing real-time operations, and probably also observed by 

Mission Control Center (MCC). These included dynamic 

activities such as: 

- OMV/Space Transportation System ISTS) proximity oper- 
ations 

- Station-keeping reboos t  
a Other functions would be carried out without 100% human 

monitoring, but  would signal crewmembers andlor MCC with 
alarms if system or consumable red lines were violated 

Xanual override must be provided for critical functions. 

13. Assumptions in the area of Planning included the following: 

Planning will include task/operations sequencing, man- 

power/skills allocation, timeline generation, master 

plan preparation and printout of updated checklists for 

insertion intofreplacement of both IVA and EVA checkList 

books/cards and CRT formats 

a Planning would be done at appropriate LeveLs o f  detail, 

e . g . , :  

- P e r  speciality area 

- Per shift 

- Per day 
- Per week or biweekly 

- Per core station/payload mission activity 



Continuous planning by the crew, ground and NSTS is a 

fairly subtle process. However, it is expected that 

there would be a planning freeze once per shift which is 
always s u b j e c t  t o  revision based upon changing require- 
ments, . An executive planner (expert sys tern problem- 

solver/confllct r e s o l v e r )  would accept i n p u t s  from Data 
Management Systems (DMS), and update plans and schedules 
including insertion of unsched~led/contingencY events in 

real-time, i . e . ,  as events unfold 

a Based on NASA: Space Station Flight Operations Plan of 

15 July 1985, one hour of planning per crewmember/ day 

is assumed for this activity category. 

14. EVA Don/Doff/Servicing was based on the following: 
a Two crewmembers/EVA 

a One hour pre -EVA and two hours post-EVA support rime 
a The monitoring by an IVA crewmember of the EVA crew- 

members one- th i rd  of the EVA time 

The use of Option 4 hardsuit, which eliminates the need 
f o r  p r e b r e a t h i n g  

Eighty hoursJPLSS of maintenance support time to ob ta in  

the maximum on-orbit life of e a c h  u n i t .  

15. The on-duty meal period was considered to be lunch. Lunch 

occurs in the middle of the on-duty period and, contrary to 

NASA guidelines, is considered the short, or 1 / 2  hour meal 

period, of the day. 

6 A meal involving six crewmembers eating simultaneously 

would require, for efficiency purposes , one cre*member to 
retrieve and prepare the food for cooking, and one crew-' 
member t o  cook and serve. One other crewmember would as- 

sist in setting up the wardroom table. 



I T .  A goal of I5 minutes/day was established for s h i f t  handaver 
for each s h i f t ,  i . e . ,  15 minutes for the an-duty crewmem- 

bers, and 1.5 minutes for the o f f - d u t y  crew coming on d u t y .  

18. NASAs estimate of one hour/day/crewmernber w a s  used for un- 
scheduled slack rime. Included in this estimate is. time 

required f o r  personal hygiene needs. 

1 9 .  The manner in which the on-duty, off-duty and days-off 

hours/year/crewmember w e r e  determined was as folLows: 

Available Hours/Crewmember/Year Sased On: 

313 Working Days/Year 

52 Days Off/Year - 
365 Days/Year (8760 Hours) 

Therefore: 

3756 On-Duty Hours/Year (313 Workdays x 12 Hour Shift) 

3756 Off-Duty HoursjYear ( 3 1 3  Workdays x 12 Hour O f f )  

1248 Days-Off Hours/Year. ( 52 Days x 24 Hours) - 
8760 Hours/Year 

3 . 3 . 2  Conclusions 

3 . 3 . 2 . 1  Task Categories - Eleven major on-duty overhead task 

categories emerged from the study. These are shown in Table  3 -1  

along w i t h  the overhead hours/year/cre~menber. 

Both I V A  and EVA activities are indicated. The major i ty  of the 

time is devoted to station maintenance including EVA Station 

maintenance and the tine required t o  support- EVA a c t i v i t i e s .  
Considerable time is allocated t o  Station Management where, in 

s p i t e  of t h e  degree o f  automation anticipated to be onboard, 



considerable crew a t t e n t i o n  is expected to be required to moni- 

tor and check the performance of automated systems in order to 

gain  confidence in their reliability. 

Table 3-2 consolidates study results into a distribution of 

hours/year/crewmember which results from estimating the on-duty 
overhead task times. 

Table 3-1 Task Categorim & Estimated Times for On-Duty Overhead 
HourJY ear/Crdwmenrber 

1. SPACE STATlON/ORBITER BERTHINGlCREW 
CHANGEOUTiLOGlSnCS RESUPPLY 

2. O W  BERTHlNGlUNBEflTHlNG 

3. STATION MAINTENANCE 

4. FACILITY CLEANDOWN 

6. STATION MANAGEMENT 

7. PLANNING 

8. N A  00N/WFF/SERVICING 

9. LUNCH 

10. SHlFT HANDOVER 

11. UNSCHEDULED SLACK TIME 

Table 3 2  Distribution of Hours/Year/Crewmembtrr Resulting From 
Estimating On-Duty Overhead Ta~k Times 

r 

IYA 

I 46.0 

1 11.7 

209.7 ' 27.5 , 78.3 

406.9 

313.0 

211.3 

158.5 

78.3 

313.0 

1854.2 

EVA 

- 
- 
314.8 

- 
28.1 
- 
- 
- 
- 
- 
- - 

340.7 

- 
PRODUCTIVE 

OVERHEAD 

OFF-DAY S 

m A L  

TOTAL 

48.0 

11.7 

524.3 

27.5 

104.4 

406.9 

33.0 

21t.3 

756.5 

78.3 

313.0 

2194.9 

R8615ff.002 

ON-OUTY 

1561.1 (41.6%) 

2794.9 (SB.4%) 

NIA 

3756 MANDATED (3004) 

OFF-DUTY 

NIA 

3756 MANDATED 

1248 MANDATED 

5004 MANDATED 

TOTAL 

1561.1 

5950.9 

1248 

8760 HOURSNR 



It shows that 2195 hours/year/cre~member out of 3756 hours/ 

year/crewmember of available time are estimated to be devoted to 

on-duty overhead. Thfs is 5 8 . 4 %  of the t o t a l  on-duty work rime 

avaiLabIe, and leaves 1 5 6 1  hours/year/crewmember, represent ing 
41.6% o f  t h e  mandated 3756 hours/year crewmember, in which to 

support customer payload a c t i v i t i e s .  

3 . 3 . 2 . 2  Evaluation of Results - It should be understood that, 

at p r e s e n t ,  there are no c r i t e r i a  f o r  determining if these per- 
centages are a c c e p t a b l e .  Homver, i t  was  poss ib le  t o  compare 

the results o f  this study to the -amount of on-duty time suggest- 
ed  as a g u i d e l i n e  for crew activity p l a n n i n g  t h a t  appeared in 

NASA's Space S t a t i o n  Definition and Preliminary Design RFP, d a t -  
ed 15 September 1984, Table C-3-11. The allocation of on-duty 

t i m e  for each s k i l l  category indicated by NASA was: 

Mission S p e c i a l i s t  S ta t ion  Specialist 
9 hrs for customer productive 4 hrs for support of customer 

operations productive operations. 

3 hrs f o r  overhead operations - - 8 hrs for overhead operations 
1 2  hrs total on-duty tirielday 12  hrs total on-duty time/day 

For the six crewmember compLenent, one Station S p e c i a l i s t  and 

two ~ i s s i o k  Specialists were assigned to each s h i f t .  Using the 

work allocation percentages shown above for a single 12 hour 

on-duty work s h i f t ,  a comparison between the results of the 

analysis presented in this r e p o r t  and XASA's guidelines was made 

as shown in Table 3-3. The results indicate only a 2 . 7 2  differ- 
ence,  here 2iASA' s guidelines show less on-du ty  overhead tine 

rhan Gruman's analysis. This 2.72 difference is equivalent to 



Table 3-3 Cornparism of Grumrnan Analysis vs NASA Guidelines with Respect to Estimating 
On-DutyProduetive & Overhead Crew Task Time 

I 

TYPE OF 
ON-DUTY 
ACLlVITY 

CUSTOMER 33.3% + 75% + 75.0% = 183.3 -3  = 
(PRODUCTIVE) 

RESULTS OF FOLLOW-UP ESTIMATES FOR A CREW COMPLEMEP~T OF 

PERCENT ALLOCATlON FOR 
TASK CATEGORIES FOR A 
SINGLE OKOUTY WORK SWFT 
PER NASA GLllDELlNES 

MISSION MlSSlON 
STATION SPEClAUST SPECIALIST 
SPECIALIST NO. 1 NO. 2 

61.146 VS 58.4% 

OVERHEAO 
ACTIVITIES 

EIGHT 

I 

NASA GRUMMAN 
GUIDELINE VS ANALYSIS 

The i n i t i a l  study was evaluated by cognizant GSS Space Station 

R851577-003 

66.34'0 + 25.0% + 25.0% = 116.7 +3 = 
100.0% 100.0% 100.0% 

personnel .  The method used i n  its derivation was judged to be a 

38.9% us - 41.6% 
100.0% 100.0% 

reasonable approach to the problem. Consequently when NASA, 

later in Phase 8, mandated an increase in crew size, it w a s  de- 
c ided  t o  use this approach for a crew complement of eight: The 

resu1r.s of this fol low-up study are described below. In addi-  
tion, certain modifications were made in the bookkeeping associ- 
ated the charging overhead productive time 

between major task c a t e g o r i e s  and among crew skill specialty 

areas. 

3.4.1 Groundrules & Assumptions 

Refinements to che groundrules and assumptions included the fol- 
lowing : 

I. Space Station configured as follows: 

a One Habitability/Station Operation Module 

One Multi-Purpose Module 
a One ESA Nodule 

a One JEM Nodule 

One Logistics Xodule. 



2 .  - Skill specialty assignments as follows: 

a Two S t a t i o n  Operators whose main responsibilities are: 
- Station systems manzgement (command) 

- IVA station systems maintenance 
- Operation of the MRMS with respect to routine station 

operations; and support of EVA, station and customer 

operations 

- On-orbit t r a i n i n g  support to customer systems opera- 
t i o n s  

Four Mission Specialists responsible for: 
- Operation and servicing of customer systems 
- Operation of station-provided customer support sys- 

tems such as: 
o MRMS with respect to IVA/EVA support 
o EVA which only  the Mission Specialist can perform 

- O p e r a t i o n  and servicing of customer systems 

- Operation of station-provided customer support sys- 

tems such as: 

o MRMS with respect to IVA/EVA support 
o EVA which only  the Mission S p e c i a l i s t  can pe r fo rm 

- Station systems maintenance such as: 

o EVA which only  t h e  Mission S p e c i a l i s t  can perform 
a IVA, as required, to s u p p o r t  t h e  s t a t i o n  dpe ra to r  

Two Payload Specialists d e d i c a t e d  to IVA operations and 

the servicing of customer systems. 

3 .  The on-duty overhead time a l l o c a t e d  to O W  Berthing/ 

Unberthing i s  s p l i t  on a 80X v s  20X b a s i s  between S t a t i o n  

Operators  and t$-e Xiss ion  S p e c i a l i s t s ,  wtth greater rise 

involvement assigned t o  the S t a t i o n  Operators. 

4. ALL EVA station maintenance (on-duty overhead) and EVA Don/ 

Doff/Servicing activities are assigned t o  Mission S p e c i a l -  

ists. 



5. Eighty-five percent of Station Management time is assigned 
to Station Operators, and the remaining 15% is t o  be ac-  

complished by Mission S p e c i a l i s t s .  

6. A food/drink system is provided within the spacesuit to 

enable Mission S p e c i a l i s t s  to gain  nourishments during a 

full duration EVA of e . g . ,  7 hours. One-half hour is al- 
located for this a c t i v i t y .  

7 ,  The IVA/EVA maintenance manhours provided by RI for the 

, initial study are considered conservative estimates for the 

modified Space Station configuration with a crew complement 

of eight, 

8. The use of G ~ m m a n ' s  E-2C as an analog for Facility Clean- 

down activities remains a valid, and perhaps conservative,. 
estimate of the time required for i t s  accomplishment. 

9 .  Payload Specialist time allocation considerations included 

the following: 

a During the 8 hours o f  l o g i s t i c s  resupply and crew 
changeout, o n l y  4'hours are charged to on-duty overhead. 

The remaining 4 hours are considered customer related 

All laboratory maintenance and cleandown are charged to 
customer time 

a Some training is required on core station operations and. 

is charged to on-duty overhead 

a A l l  planning and on-duty s h i f t  handover act iv i t ies  are 

charged to the cusromer 

One half-hour of unscheduled slack rime is charged to 

- on-duty overhead for interfacing with the core station 

equipment, The remaining unscheduLed s lack time is 

charged to che customer. 



3 . 4 . 2  Results 

Merging the groundrules and assumptions established in the ini- 

t i a l  study for  a crew of six with those refinements indicated  in 
the previous s e c t i o n ,  task times were re-estimated f o r  each o f  

the eight cre~members as shown in Table 3-4. The addition of 
two crewmember including the dedication of the Payload Spec ia l -  
L s t s  t o  customer activities, resulted in the reduction of over- 
a l l  on-duty overhead fram 5 8 . 4 2  to 45.82 of the t o t a l  on-duty 
tine available. Table  3 - 4  shows the  time allocations p e r  major 

task category for each s k i l l  specialty area. Table 3-5 shows an 
IVA v s  EVA breakout for appropriate major task categories. Table 
3-6 is a summary of  the percent of on-duty overhead vs produc- 

tive time resulting from the analysis for each s k i l l  specialty. 
Table 3-7 shows the estimated, derived and mandated hours and 

percent of time on-duty and off-duty vs  he overhead, productive 

and off-day categories. The data i n  Table 3-7 i s  for a calendar 

y e a r ,  where 7 0 , 0 8 0  i s  the total hours available for a crew of  

eight. Included is a breakout of fVA vs EVA on-duty overhead 
time (in-hours) and percent of time. The key to h i g h  productiv- 
i t y  is the reduction of IVA, and in particular, EVA maintenance 
and the accompanying EVA support activities A l s o ,  as confidence 
is gained tn allowing automated Station Management to proceed 
wirhout the redundant p a r a l l e l  monitoring activities of  the 

crew, t h i s  task category w i l l  experience a reduction in tine 

requirements. 



Table 3-4 Task Cuttrgoriss 81 OwDuty Overhead Manhwn Per Year Per Crewmember 

MAJOR TASK 
CATEGORV 

SPACE SThTIMJIORBlf ER 
1 BEHTIIIMGICREW CHAMGEOUI 

COGIB1tCS WSUPPLY 

2 W I V  UERIt~tNUIUNBERTHINCi 

5IAllON MAINTENANCE 
3 (CO~IC SW~ON ONLY) 

FAClll 1 Y CCEANOOWH 
4 lCOHE SWIDN ONLY) 

S 1HAINlhG 

6 SIAllON WAGEMENT 

7 PUM4\W 

EVA I1CJNIIIQFFI 
B 6fHVLCING 

8 LllNCll 

10 SHIR HANDWEA 

UNSCHEDULED SUCK 
11 l lME 

STATION OPERATORS MISSION SPECJALlST6 
BASIS OF RED BLUE RE3 BLUE 1 

IVA EVA 

48.0 - 

3 5  - 

208.4 471 B 

276 - 
7 3  6 1 

07.2 - 
3\30 - 

917.0 - 

83.5 73.0 

78.3 - 

313.0 - 

YAMHOURS 
PER YEAR -- 

6 EVENIS PPH YEAR 
II  IiRSlEVf NTI 
CFIEWMWEH 

12 EVENIS PER YEAR 
b U7 HHSEVENI 

IOTAI HHS Pen 
YEAH (HI ESTIMAIE} 

IOIAL iIHS. PER 
YEAH E . X  ANALOO 

DAILY BUDGE? 

DAILY ESl )MATE 

NhSI MtLY WOGET 

I4h f VA EVENTS. 2 
CtUiWMEMLLEHS 7 HAS 
EVA. LrJ IVA MONIT, 

OAILV GOAL 

WILY CIUDGE 1 

NASA DAILY 
GUIOELINE 

NOTE; 3764 ON-DUTV HOUAStUAHIYEAR 
x I CREWMEMBERS 

- mTAL ON-OUTV CHt W HOURSIYEAR 

RU6- 11774M4 

1559.0 661.0 357.0 
1110 
66H 10% 

PAYLOAD 

A-1. 
IVA ----- 

24.0 

LA8 ONLY 
PRODUCTIVE 

U B  ONLY 
PHOOUCTlVE 

20 0 

- 
PRODUCTIVE 

156.6 

PRODUCTIVE 

1W5 ----- 

1 2 1 - 2 8  
IVA IVA IVA EVA IVA EVA IVA EVA 

411.0 48 0 48.0 - 480 - 

2298.7 

lliH 

157.0 

10% 

20.1 

XW.7 

27.5 

783 

1W6.3 

3130 

I565 

7t1.3 

3130 

13.751.4 

IS . )% 

SPEClALlSTS 
HE- 

IVA 

24.0 

LAB ONtY 
PRODUCllVE 

UBOULY 
PRODUCTIVE 

200 

- 
PROWCTIVB 

156 5 

PHODUCTIVE 

156 5 

2298.7 

41% 

TOTAL 

336,O 

70.2 

3145.0 

165 0 

634 2 

2441.4 

l B l B O  

1268.0 

1252.0 

168.8 

2191 0 

28.1 

209.7 

27.5 

70.3 

1046.3 

313.0 

156.5 

7h.3 

3130 

1550.0 651.0 
a10 
66% 

3.6 - 

209.7 471.9 

27.5 - 
70.3 6 1 

a7 2 - 
3139 - 

317.0 - 

(13.5 73.0 

76.3 - 

313.0 - 

1658.0 651.0 
2110 
56% 

1659.0 561.0 
a10  
61% 

3 5  - 

208 7 471.8 

27.5 - 
78.3 8.1 

87.2 - 

313.0 - 

317.0 - 

R3.6 73.0 

78.3 - 

3130 - 

3 6  - 
209.7 471 9 

27.5 - 
78.3 8 1 

87.2 - 
313.0 - 

317.0 - 

83.5 73.0 

783 - 

3130 - 



fable 35 Task Categories & Estimated Times For O*Duty herhead 
HoudYear Far a Crew Complement of Eight 

3 STATION MAINTENANCE 
(CORE STATION ONLY) 

4 FACIUM CLEANDUWN 
(CORE STATION ONLYl 

5 TRAINING 

6 STATlON MANAGEMENT 

7 PLANNING 

8 EVA OONlDOFFl 
SERVICING 

9 LUNCH 

10 SHIFT HANOOVER 

11 UNSCHEDULED SLACK TIME 

TOTAL O N d U N  OVERHEAD TlME 

PERCENT OF TC15AL ON-DUTY TlME 

- 

MAJOR TASK CATEGORY 

1 SPACE STATIONIORBITER 
BERTHINGICREW CHANGEOUT 
LOGlSTlCS RESUPPLY 

2 OMV BERTHINGIUNBERTHING 

Table 3-6 Allocation of On-Duty Tims by Space Station Skill Speciality 

ON-UUTY OVERHEAD 
TlME ALLOCATIONS 

b. 

TOTAL 

336.0 

70.2 

1 PERCENT TlME 

IVA 

336.0 

70.2 

TOTAL OKOUT Y 

100% 

100% 

100% 

SKILL SPECIALIT 

STATION OPERATOR 

MISSION SPECIALIST 

PAYLOAS SPECIALIST 

EVA 

- 

- 

R B 6 1 S n 9 6  

r r  

OVERHEAD 1 PRODUCTIVE 

61 % 39% I 
56% U% I 
10% 9006 



fable 3 7  Allocation of Houn/Year for an Eight Person Crew Complement 

'Mandated Time 

**Breakout of IVA and EVA Activity: 

ON-OUTY 
SHIFT 

OVERHEAD IVA + EVA E TOTAL 
ACTIVITY 11.547 + 2.204 = 13,751 

(IB.S%I + (3.1%) = (19.6%) 

PRODUCTIVE 
ACTIV~TY 

OVERHEAD 
ACTIVITY 

OFF-DAY 
ACnVlTY 

TOTALS 

3 . 5  SHIFT PROFILES 
Using the eleven major on-duty categories as blocks  of events, 
a long  with i d e n t i f y i n g  top  level categories  of generic on-duty 
productive and off-duty activities, it is possible to construct 

profiles of several types  of work shifts. These are  shown be- 

low. It is then possible ta combine these shift types into 

two-shift mission profile timelines as shown in Fig. 3-1. 

OFF-UUTT 
SHIFT 

M A  

30,048' 
(42.9%) 

9.984- 
(14.246) 

40.032' 
(57.1 %) 

ON-DUTY 
SHIFT 

16.297 
(23.3%) 

13,751 
(19.6%) 

N/A 

30,048 ' 
(42.9%) 

3.5.1 Type I L o g i s t i c s  Resupply Work S h i f t  

TOTALS 

16.297 
123.3%) 

43.799 
(62.5%) 

9.984 
(14.2941 

70.080 
(100%) 

3,5.1,1 On-Duty Overhead Tasks 
Space Sration/orbiter berthing/crew changeout/logistics 

resupply 

a Facility cleandown 

Station management 

a Placning 



Eating 

a S h i f t  handover 
r Unscheduled slack time. 

3.5.1.2 On-Duty Productive Tasks 

a None 

3.5.2.3 Off-Duty Tasks 
r Personal hygiene 

Health maintenance 

Eating 

Unscheduled slack time 

S h i f t  handover 
Sleep. 

3.5 - 2  Type 2 ,  EVA Maintenance On Core S t a t i o n  S h i f t  

3.5.2.1 On-Duty Overhead Tasks 
a EVA/ don/do f f / servicing 
a ,EVA t r a i n i n g  

EVA s t a t i o n  maintenance 
r Station managemenr 

Planning 

Eating 

Shift handover 

a Unscheduled slack tine. 

3 . 5 . 2 . 2  On-Duty Productive Tasks 

a itld mission pay load 

3 . 5 . 2 . 3  Off-Duty Tasks 
Personal hygiene 

Health Faintenance 

E a t i ~ g  

Unscheduled slack time 



Shift handover 

Sleep. 

3.5.3 T y p e  3 ,  IVA Maintenance On Core Station Shift 

3.5.3.1 On-Dutv Overhead Tasks 

IVA Station maintenance 

Station management 

Planning 

Eating 

a Shift handover 

a Unscheduled slack time. 

3.5.3.2 On-Duty Productive Tasks 

IVA mission payload, 

3 . 5 . 3 . 3  Off-Duty Tasks 

Personal hygiene 

Health maintenance 

a Eating 

a Unscheduled slack time 

Shift handover 

Sleep. 

3.5.4 Type 4, EVA Maintenance On O W  Shift 

3.5.4.1 On-Duty Overhead Tasks 

a OMV be r th ing  (unberrhing done during sonie subsequent 

shift) 

EVA d o n / d o f f / s e r + i c i n g  
EVA station maintenance - OMV 

a Station management 

Planning 

a Eating 



S h i f t  handover 
a Unscheduled slack rime, 

3.5.4.2 On-Duty Productive Tasks 

IVA mission payload. 

3 . 5 . 4 . 3  Off-Dutg Tasks 

a Personal hygiene 

Health rnaintensnce 

a Eating 

e Unscheduled slack time 

Shi f t  handover 
a S l e e p .  

3 . 5 . 5  Type 5 ,  EVA Mission Payload Shift 

3.5.5.1 On-Duty Overhead Tasks 

EVA don/doff/servicing 

Station management 

Planning 

E a t i n g  

S h i f t  handover 
Unscheduled s l a c k  time. 

3 . 5 . 5 . 2  On-Duty Productive Tasks 
a EVA mission payload.  

3.5.5.3 Off-Dutp Tasks 

a Personal hygiene 

Health maintenance 

Eating 

Unscheduled slack time 

S h i f t  handover 

r S l e e p .  



3.5.6 Type  6, IVA Mission Payload Sh i f t  

3.5.6.1 On-Duty Overhead Tasks 
S t a t i o n  management 

Planning 

Eating 

Shi f t  handover 

Unscheduled slack time, 

3.5.6.2 On-Duty Productive Tasks 

a IVA mission payload. 

3 . 5 . 6 . 3  Off-Duty Tasks 
Personal hygiene 

a Health maintenance 

a Eat ing  

a Unscheduled slack time 

a Shift handover 
Sleep. 



SHIFT TYPE 

StIIFf TYPE 

i 

- 

. , -. 
SHI'FT TYPE 

SHIFT 
EMPHASIS 1 
USLND MUOR 
TASK CATEGORIES 

2 EVA MAlNf 
ON 

CORE STATION 
3 IVA  MAlNT 

0 N 
CORE STA TlON 

4 E'VA MAJNT 

RED TEAM BLUE TEAM ' 

:IME' STAT MISS MISS PAYLOAD STAT MISS. MISS PAY LOAD 

0 .  
OPEit NO. I SPEC NO. 1 SPEC N O 2  SPEC NO. 1 OVER ND. 2 SPEC:NO. 3 SPEC NO. 4 SPEC NO. 2 

SHIFT HANtOJER SHIFT H A N M V E A  SHIFT H A N m E R  I SHIFT HANWVER SHIFT HANWVER SHIFT HANOOVER S4IFT HAMK#ER QiIFT H W W E A  

PLANNJNO PLANNING PLANNING PLANNING 
EXERCISE EXERCISE ' DINNER DINNER 

1 - PHlWC PHlWC 

PRE EVA PRE EVA POST EXERCISE POST EXERCISE PER6 HYG PERS HVG 



ON 
CORE STATION 

N 
.P 

I! S H I F T T Y P E  6 1VA MISSION 
9 PAYLOAD , 

S H I F T T Y P E  5 EVA MISSION 
-L PAYLOAD ; q SHIFT TYPE 3 IVA  MAINT G - -. ON 

g 2. CORE STATION 
0 
2 2 1 



4 - PERSONAL KYGIENE/l*lASTE COLLECTION TASK TINELINE & FACILITY 

LOADING ANALYSIS 

4 . 1  OBJECTIVE 
Paragraph 2 . 2 . 1 0 . 3 . 8  of JSC 30000, Section 3 ,  Revision A i n d i -  

ca tes  tha t  "a minimum of two independent waste  collection sys- 

tems ( f o r  both feca l  and u r i n e  collection) s h a l l  be provided." 

In a d d i t i o n  Paragraph 2.2.10.3.7 i n d i c a t e s  t h a t  "personal hy- 

giene facilities sha l l  be  provided which inc lude  t h e  s e p a r a t e  

c a p a b i l i t y  f o r  whole body cleaning, handwashing and oral hy- 

giene." A t  t h e  t i m e  the t a s k  t i m e l i n e  and f a c i l i t y  loading 

a n a l y s i s  w a s  performed, the accommodations provided for the ac- 

complishment of  b o d i l y  functions, in line with these requi re-  
ments, were as follows : 

F a c i l i t L e s  provided in the H a b i t a t i o n / S t a t i o n  Operations 

Module: 

- Personal Hygiene Facility provisions 

0 Urine c o l l e c t i o n  

a h i o l e  body shower 

. o  Handwasher ( a l s o  used for o r a l  hygiene) 
- Waste Col l ec t i on  Facility prov i s ions  

0 Fecal c o l l e c t i o n  

0 Urine collection 

Randwasher ( a l s o  used for o r a l  hygiene) 

- Galley/Wardroorn p rov i s ions  

o Handwasher also used for o r a l  hygiene ,  i f  needed,  

and i n t e g r a t e d  into the g a l l e y  arrangement 
Facilities provided i n  t h e  Mult i-Purpose Lab Nodule 

- Personal Hygiene F a c i l i t y  provisions 

o Urine c o l l e c t i o n  

o Idhole body shower 



o Handwasher (also used for oral hygiene) 
- Waste Collection Facility provisions 

o Fecal  collector 
o Urine collector 

o Handwasher (also used f o r  o r a l  hygiene) 
- Laboratory provisions 

0 Handwasher/emergency eyewash (also used for  oral 
hygiefie, i f  needed) .  

The impor tant  issues i n  evaluating the design were (1) to deter -  

mine if the number of personal hygiene and w a s t e  collection ca- 

p a b i l i t i e s  provided enable the eight member crew to perform the 

necessary body f u n c t i o n s  on a timely b a s i s ,  and (2) to determine 
the pattern o f  facility use and the resulting t s a f 2 i c  flow. 

The f i rs t  step in this process was to determine the details of 

personal hygiene and waste collection tasks, t he  times required 
for their performance and to uncover s p e c i f i c  equipment and pro- 

cedural requirements. These task  and time details are shown in 
Tables 4 - 1  and 4 - 2 .  

fable 4-1 Personal HygieneMlasre Collection Activities 

PLANNING' 

5:OO 
15:oO 
30:OO 

5:oO 
5:OO 
5:OO 
5100 

- 
5:OO 
5 0 0  

'Task times used in developing Analysis Schedule (Table 63) and represented in the Adivity Timeline (Fig. 4 1 ) .  

FEMALE 

4 3 0  
i2:10 
2930 

2:W 
200 
300 
500 

r0:00 

390 

DAILY I MALE 

URlNATlON (DETAILS 1N TABtE 21 
DEFECATION (DETAILS IN TABLE 2) 
SHOWETilNG (DETAILS IN TABLE 2) 
CLOTHING CHANGE 
TEETH aRUSHlNG 
TEETH FLOSSING 
HAIR CGLIBIBRUSH 
aAIR GROOMING (DONE IN ?!7IVATEQUAfiTE1S XFiEFt 
SHOWEaING) 
SHAVING 
HANDSIFACE WASHlPlG 8 OfiYlNG 

3% 
11% 
24.15 

2:OO 
300  
5:OO 
2:OO 

5:OO 
5:OO 
3:OO 



Table 4-2 Some Personal HygienoMfarte Collection Activiry Details 

FEMALE 

I:W 
: 30 

1 :CQ 
:30 
:30 

4:30 

URINATION 

DOFF CLOTHES. STOW 8 ENTER. ATTACH RESTRAINTS 
APPLY URlNE COLLECTION DEVICE 
URINATE 
REMOVE DEVICE. CLWN D N l C E  & SELF 
WASH & DRY HANDS 

TOTAL 

MALE 

: 45 
: 30 

1 :00 
: 30 
:10 

355 

PLANNING TIME 300 

ASSUMPTION - TWO PIECE GARMENT 

FEMALE 

r .40 
:30 
:30 

500 
:rO 

3:OO 
1 :OO 
1 :00 

12:lO 

DEFECATION 

DOFF CLOTHES, STOW 8 ENTE2/A77ACH'RESlXAINTS 
PREPARE DEVICE 
APPLY URINE,COLLECTION DEVICE 
DEFECATE (URINATE) 
RELEASE RESTRAINTS 
REMOVE DEVICE. CLEAN DEVICE & SELF 
WASH & DRY HANDS 
DON CLOTHES 

TOTAL 

MLUE 

:45 
:30 
:30 

5:OO 
:10 

3:OO 
1 :00 
1 :OO 

11:55 

PLANNING TIME 15:OO 

ASSUMPTIONS - MUST INCLUDE PREPARATION FOR URINATION 
- TWO PIECE GARMENT 

FEMALE 

1 :OO 
1 :00 

12:oO 
2:OO 

12:OO 
1 :30 

29:30 

SHOWERING 

DOFF CLOTHES 8 STOW 
ENTER SHOWER & RESTRAINTS 
WASH BODY 8 HAIR INCLUDING USE OF HANDHELD SPRAY 
CLEAN SHOWEX 
DRY BODY 8 GRCOM SELF 
DON CLOTHES 

TOTAL 

PLANNING TIME 30:OO 

ASSUMPTIONS - TWO PtECE GARMENT 
- WATER TEMPEFATURE QUICKLY ADJUSTED - HAIR DRYING COMPLETED IN PRIVATE QUARTE3S 

MALE 

:45 
1 :00 

i0:00 
2:OO 

t 0:00 
1 :00 

24:45 



The next step was to develop a reasonable personal hygiene/waste 
collection scenario in which a fairly heavy l o a d  would be placed 

on the use of the facilities provided, but not necessarily one 
in which all eight crewmembers are involved. The following as- 

sumptions were made: 
Four off-duty crewmembers awake and are in need of using 
the facilities in a fairly representative way, Addi- 
tionally, two on-duty crewmembers also are in need of 

using the facilities. (The remaining two on-duty crew- 

members were not considered in the scenario.) Of the 
crewmembers considered, there is one off-duty and one 

on-duty female 
Use of the fecal collector, whether by a male or female, 
must always require attaching the urine collection de- 
vice 

a Xost, but not all, people use the handwasher as part of 
their routine in this type of situation 
Some, but not all, will shower as part of their post- 

sleep routine 
Most, but not all, people will floss their teeth but 
some will brush their teeth post-sleep 

a All of the male crewmembers -are clean-shaven and will 
shave as part of their normal wake-up routine 

a Final dry ing  of the hair, with or without a hair blower, 
will take place in the crewmember's private quarters, 
including detailed groomtng. This prov ides  an element 

of cooperation in f r e e i n g  up the f a c i l i t y  for the next 
person's use 
The handwashers in the galley and lab can be used if 

needed 
a A detailed schedule of facility use is shorn in Table 

4-3. Using this schedule, a timeline scenario was con- 
structed that sequences the four off-duty and two on- 
duty crewmembers through the facilities so as to accom- 

plish their bodily functions and personal hygiene needs. 
This is depicted in Fig. 4-1 



Tabla 4-3 Daily Personal HygieneNerte Collection Analysis Schodule 

CREWMEMBER 

OFF-DUTY 

NO'I'E: ONLY 6 OF tl CREWMEMBERS INVOLVED IN SCENARIO 

ACTlVlTY KEY: 

D - Oefecaliotr HC113 - Hair Comb~rrglBrushing 
U - Urinaliun (HG) - Hair Grooming (in Personal Quarters) 
CC - Clothir~y Cha~ryu HFW - HandlFace Washing 8 Drying 
TBlF - Teeth B~usl~irr~FLossing SHV - Shaving 
SHO - Showurtng 

ON-DUTY 

1 

MALE 

4 

FEMALE 

5 

MALE 

6 

FEMALE 

ACTIVITY 

o 
CC 
TB 

SHV 
SHV 
(HG) 

ACTIVITY 

u 
CC 

TBlF 
SHV 
HClB 

13 
HFW 

ACTIVITY 

u 
HFW 

ACTIVITY 

HW 
0 

HFW 

OUAATION 
IN 

MINUTES 

I s 
5 
5 
30 

S 
5 

2 

FEMALE 

DURATION 
IN 

MINUTES 

5 
5 

10 
5 
5 

15 
5 

DURATlON 
IN 

MINUTES 

5 
5 

3 

MALE 

OURATlON 
IN 

MINUTW 

5 
15 
5 

ACTIVITY 

a 
CC 

1 BIF 
SHO 
(HG) 

ACTIVITY 

u 
CC 
TB 

SHV 
HCIB 

D 
HFW 

DURATION 
1N 

MlNUTES 

15 
5 

10 
30 
I 0  

DURATION 
lN 

MlNUTES 

5 
5 
5 
5 
5 

15 
5 



a Scenario analysis considered activities that are con- 
sidered to occur on a frequent, daily basis. Infrequent 

activities performed by both male and female crewrnem- 

bers, ( e . g ,  , nailclipping) were not included in the 

analysis. Also, infrequent personal hygiene activities 
performed only by female crewmembers were not included. 
However, requirements and timelines related to menstrual 

c a r e ,  douching and other feminine functions a r e  present- 

- ed in Table 4-4. 

4.3 RESULTS 
Figure 4-1 shows that all four off-duty crewmembers plus two 
on-duty crewembers can be accommodated by the facilities pro- 
vided in about one hour. This scenario is considered to place a 

reasonable load on the fac iLi t i e s  in terms of their a v a i l z b i l i t y  

f o r  use. However a small amount of waiting time, i . e . ,  5 min- 

utes, occurs in a number of cases  until a needed facility be- 

comes available. This sort of situation requires cooperation'on 

the part of the crew and consideration of the needs of other 

crewmember in order for it to succeed. 

Consequently, based on this initial analysis, the present 
number of facilities provided are s u f f i c i e n t  to meet the needs 
of daily bodily functions and personal hygiene for an eight p e r -  

son crew.  



Table 4 4  FemaIe Penonal Hygiene (Sheet 1 of 2 

LOCATION: PERSONAL HYGIENE AREA 

FUNCTION: lENSTRVAL CARE 

COUATERAL FUNCTIONS: 
- TAMPON REMOVAL MAY PRECEDE OR FOLLOW URINATION OR DEFECTION 

FREQUENCT: VARIES 
- SANITARY NAPKINS ARE NOT VIABLE AS PRIMARY COLLECTlON MEMOD IN ZEROG. NAPKINS MAY BE USED 

TO PROTECT CLOTHING RATHER THAN ABSORB BLOOD, AND MAY BE WORN ALL DAY. 
- TAMPONS SHOULD BE CHANGED AT LEAST EVERY FOUR HOURS IN ORDER TO AVOID TOXIC SHOCK 

SYNDROME. WITH HEAVY MENSTRUAL FLOW, THESE MAY BE CHANGED EVERY TWO HOURS. .. - 
ISSUES: 
- SYNCHRONICITY OF PERIODS tN WOMEN LIVING IN CLOSE QUARTERS. WOMEN'S PERIODS MAY 

SYNCHRONIZE. SO THAT ALL fEMALES IN SPACE STATION COULD BE MENSTRUATING SIMULTANEOUSLY. 
- TAMPONS ARE SOMETIMES ilEMOVED IN CONJUNCTION WIW URlNATtON OR DEFECATlON 
- TAMPONS OR SANITARY NAPKINS SHOULD BE READILY AVAILABLE. THERE SHOULD BE A CLOSET IN THE Ptl 

AREA FOR PERSONAL ITEMS. 
- MENSTRAL FLOW ON TO NAPKIN IN ZEROG. 
- TAMPON PPUCA7ON OR REMOVAL CAN BE DONE [N CABIN, AS WELL AS PH AREA 

REQUIREMENTS: 
- MUST BE ABLE TO DISPOSE OF TAMPON OR NAPKIN. APPLICATORS AND WRAPPINGS. 

- WRAPPINGS OF TAMPONS ARE MADE EITHER OF A SARAN-lYPE WRAPPING, THIN PAPtil OR PLASTIC 
- SHOULD BE ABLE TO DISPOSE OF TAMPONS OR NAPKINS IN THE PH AREA USED FOR DEFECATION. 
- SHOULD ALSO GIVE CONSIDERATION TD DISPOSAL OF TAMPONS OR NAPKINS IN Pn  AREA USED FOR 

URINATION. 

CONCEPTS: 
- STANDARD COMMERCIALLY AVAIUBLE TAMPONS OR NAPKINS SHOULD SUFFICE. 

RECOMMENDATIONS: 
- DESlGN FOR SIX AMPGNS PER DAY FOR A PERIOD OF FIVE DAYS FOR WCH WOMAN (TUTAL OF 30 TAMPONS 

PER 'NOMAN PER MENSTRUAL CYCLE). DESIGN FOR to MINI-PADS PER WOMAN PER MENSTFIUAL CYCLE. 
- TAMPONS SHOULD BE AVAILABLE ON PI4 AREA. HAVE BAG FOR TAMPON DISPOSAL AVAILABLE IN PH A R W  ANC 

IN CABIN. 



Table 4-4 Female Personal Hygiene (Sheet 2 of 1)  

PERSONAL HYGIENE 

TASK 

HAIR DRYING 

HAIR GROOMING 

COSMETIC APPUCATION 

UNDERARM SHAVING 

LEG SHAVING 

NAIL CARE 

FUNCTIONS WHCH 

OURATION 

10 MlNS 

10 MiNS 

10 MlNS 

3 MINS 

5 MINS 

5 MlNS 

MAY DIFFER FOR WOMEN: 

REQUIREMENTS 

BLOW ORYER 

WOMEN CAN BRING ANY OF THE FOLLOWING 
IN HER PERSONAL K l f :  CURUNG IRON. ROUND 
BRUSH. COMB. HOT ROLLERS. NON-HEATING 
CUALERS. CLOTHCOATED RUBBER BANDS. 
BARREllES. HAlR SCISSORS 

WOMEN CAN BRING ANY OF THE FOLLOWING 
IN HER PERSONAL KIT: MOISTURER. FAClAL 
FOUNDATlON, FACIAL CREAM, EYE MAKEUP. 
UPSTICK. NO POWDERS PERMITED. 

FREQUENm VARIES FROM ONCE PER DAY 70 
N W R .  
CAN USE WHATNER PRODUCT IS USED FOR 
MALE FACIAL SHAVING. 

FREQUENCY VARIES FROM ONCE PER DAY TO 
NEVER. 
CAN USE WHATEVER PRODUCT IS USED FOR 
MALE FACIAL SHAVING. 

WOMEN TYPICALLY FILE FINGER NAILS, N m  
CUP THEM. 
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5 - GALLEY WORK & TRAFFIC FLOW ANALYSIS 

5.1 OBJECTIVE 
As is the case with any kitchen, the key to e f f i c i e n t  use of  t h e  

Space S t a t i o n  ga l l ey  i s  as much dependent upon the type of 

equipment provided as ic is on how and in what sequence t h a t  

equipment i s  utilized. To t h i s  end, a task/tirneline/l ink analy-  

s i s  was performed t o  determine i f  a particular functional ar- 

rangement would be considered e f f i c i e n t  i n  terms of the  result- 

ing work flow pattern and t i n e  requirements for food prepara-  

t i o n ,  cooking and serving; and subsequent clean-up and t r a s h  

d i s p o s a l .  

It  should be  noted t h a t ,  a t  the time t h e  analysis w a s  performed, 

the  requirement for s i x  crewmembers e x i s t i n g .  Upon examining 

the  r e s u l t s  of t h i s  ana lys i s ,  t h e  addition of t w o  crewmembers t o  

the meal preparation scenario should have minimal, if any, i rn -  
pact on the time required for meal prepara t ion .  Subsequent 

analyses w i l l  be performed to verify this asserrion. 

The first step in the analysis was t h e  recognition of a s i a p l e  

assembly-line type  func t iona l  arrangement as follows: 

Disposal/supply end 

- Trash disposa l  and compaction 

- Xaizr s u p p l y  

- Utens i l  s u p p l y  and s t o r a g e  

a Preparation/cooking end 

- Food s torage  

- Food r e t r i e v a l  and prepara t ion  for cooking 

- Cooking, serving and residue disposa l .  



A representative menu for six crewmembers eating simuLtaneously 
w a s  prepared and is shown in Table 5-1. To facilttate the meal 
process, crewmembers were assigned specific responsibilities, as 

shown below in Table 5-2. 

Detailed tasks were then defined for every aspect of the meal 
process along with estimates of the time required for t h e i r  per- 

formance. A s  each of the task descriptions w e r e  generated, link 
diagrams were developed that depicted the work and traffic flow 
of crewmembers in the meal.process, A total of 15 link diagrams 

were developed for each of the task groupings. 

A representative task and accompanying link analysis are shown 
in Table 5-3 and Fig. 5-1, respectively. The task elements are 
identified for Crewmember No. 1 including the task times. Each 
"step" was then placed  on the functional arrangement link dia- 
gram for the galley and wardroom t a b l e .  A l l  l i n k  diagrams w e r e  
then combined into a summary diagram. 

Table 5-1 Representative Crewmember Food Selections 

APPETIZER L 
- JUICE 

- GRAPEFRUIT CHUNKS 

SALAD 

- LETTUCE d TOMATO 

MAIN COURSE I EREAWSNACK 1 
- SCRAMBLED EGGS WlTH 

BACON OR HAM 

- COLD CEREAL WlTH SLICE OF 
AMERICAN CifEESE - FRANKS WlTH MUSTARD 

- 3OAST BEEF SANDWICH WITH 
LETTUCE AND MUSTARD 

- HROILED SIRLOIN 'IVITH MASHED 
POTATOES AND GRAVY. & GREENBEANS 

- TOAST WlTH aUlTER 
- TOAST WITH JAM - WlNKlES 
- POTATO€ CHIPS 
- BREAD W I M  BUTTER 

- CAKE 
- BAKLAVA 

I 

- COFFEE 
- WATER 
- MILK 
- TAB 

DESSERT BE'iERAGE 



Table 5-2 Summary of Crewmember Meal T ark Assi~nmentr 

Table 5-3 Dining Preparation Task/Tirnar Crewmember 
Na 1 - Wardroom fable Setup 

b 

TASK ASSfGNMENT 

ONE CACNktEMBER 
ALL OTHER CREWMEMBERS 

CREWMEMBER NO. t SmS UP 
WARDROOM TABLE 

CREWMEMBER NO. 2 PREPARES FOOO 

CREWME!ABER NO. 3 COOKS FOOD 

ALL aTHEFf CREWMEMBERS 

ONE CREWMEMBER 

TASK 

RESUPPLY BULK FOGQ (LOGISTICS TASK) 
1 P U N M E A L  
2 WASH HANDS 

3 UMSOW EATING UTENSILWNLOAD DISHWASHER. 
DINNERWARE, NAPKINS. TRAYS. DISPOSE OF TRASH 

4 UNStOW M O O  FROM FREEZER, REFRIGERATOR. & 
AMBIENT STORAGE. UNPACKAGE AND DISPOSE OF TRASH 

5 UNSiOW COOKING UTENSILS 
6 PREPARE MODIFIE3Y DRATEiHOLD: DISPOSE OF TRASH 

7 COOWHEAT MOD. DISPOSE OF TRASWHOLD 
8 SERVE FOOD 

9 EAT 
10 CLEAWP, DISPOSE OF TRASHISORTIRESTOW 
11 USE DISHWASHER 
12 CONSOUDATUCOMPACT TRASH (ONE CREWMEMBER ONLY 

FOR COMPACTION) 

STOw COMPACTED TRASH 
DETERMINE RESUPPLY OF BULK FOOD (LOGISTICS TASK) 

STEPS 

1. 

2. 
3. 
4. 

5 2 5 

7 -  :O 

t 1 

ESTIMATED 
TIME (MINUTES) 

1.5 

2.0 

1.5 

1.5 
2.0 

5.0 

0.5 - 
14.0 

TASK ELEMENTS 

'NASH HANDS 
P U N  YWL 

UNLOAD UTENSILS FROM DISHWASHE3 
SET THE 'NARDROCM TABLE 

R m f i N  C L B N  UTENSILS NOT NEEDED 
FOR THIS MEAL SD STOWAGE 
UNSTCW 8 T i E R  'JTENSltS I T ~ M S .  ZC.) 
FOR TABLZ AND FOR FaOD PAEARATION 
3 COOKlNG 
TAKE PLACE AT WARDRCOM TABLE 



Fig. 5-1 Phase I, Dining Preparation, Crewmember No. 1, Wardroom Table Set-Up Link Analysis 

GALLEY FUNCTIONAL COMPONENTS 

5.3 RESULTS 
The consolidated link analyses support the "assembly l ine1'  func- 

SEUINV. TRASH DISHWASH UTENSILS AMB. FOOD COLD FGOD PREP COOK 

tional arrangement concept and; thus, provide the rationale for 

TRASH 

the present recommended galley equipment arrangement s h o ~ m  in 

WARDROOM TABLE 

GSS drawing No. 751B-1110, Sheet 2, dated June 2 0 ,  1986. In 

this drawing,  a left to right meal sequence arrangement is shown 

( A  right to left arrangement: would be j u s t  as satisfactory). 

This configuration maintains an efficien~ work . flaw pattern and 

r e t a i n s  the  "disposal/supply end" and the "prepararion/cooking 
end" concept described earlier. 

Finally, based  on the preliminary estimates of task time, all 
six crewmembers can complete the meal sequence in about one hour 
as shown in Fig. 5 - 2 .  The addition of two more crewmembers, as 

s t a t e d  e a r l i e r ,  should have minimal, if any ,  impact on meal pre-  
p a r a t i o n ,  consun~tion and clean-up. 
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6 - EXERCISE TASK T I m L I N E  

6.1 RATIONALE 

In the microgravity environment, several physiological changes 

take p l a c e  which adversely affect astronaut productivity. 

Various exercise protocols can ameliorate, to some extent, some 

of these changes; specifically, (1) cardiovascular decondition- 
ing, ( 2 )  skeletal muscle atrophy, and (3) bone demineralization 

as evidenced by a loss of calcium from the long bones of the 

lower extremities. Therefore exercise will be required of each 
crehiember . 

6.2 ASSUMPTIONS 
The following assumptions are made: 

Crew of eight 

Two teams of four astronauts each, and 12 hr off-duty/ 

on-duty cycles  

Six day work week 
a A minimum of two astronauts can exercise simuLtaneously; 

so there will be at least two exercise devices provided 

Each exercise device will be multifunctional, i.e, both 

aerobic and anaerobic exercise will be performed, and an 

appropriate form of exercise, while meeting the aerobic  

or anaerobic requirement, will also be appropriate to 

reducing the rate of bone demineralization 

A m i n i m ~ u t  of i h r /24  hr period will be devoted to ex-  

ercising. 

6.3 ISSUES - 
1. Number and configuration of exercise devices (Refer to 

Subsection 6.2). 



a Exercise must include periods of aerobic and anaerobic  

activity 

a In order to counteract  calcium loss f rom bone, an exer- 

c i s e  device that provides a high i n e r t i a l  loading of  che 

l e g  bones is necessary. 

Recommendation: Develop exe rc i se  machines t h a t  a r e  m u l t i -  

functional; that i s ,  can provide at l e a s t  two of the  types 

of  exe rc i se .  

2. Minimum Time for Exercise in a 24 Hour Period. 

a There is little data regarding the optimum t ime neces- 

sary f o r  exercise i n  order to optimize the prevention of 

cardiovascular deconditioning , muscle atrophy,  and bone 

demineralization. 

Recommendation: Exercise pe r iod  should be for a minimum of 

1 h r  of  a c t u a l  exerc ise  p e r  24 hr  period. 

3 .  O p t i m u m  Schedule f o z  exerc is ing  during a 24 Hour P e r i o d .  

The scheduling of a 1 hr exercise period per 24 hr (1 1/2 hr for 
preparation, exercise and cleanup) during 1 2  hr duty cycles is 

problematic. Several  f a c t o r s  need t o  be  considered when sche- 

duling exercise: 

Exercise r i g h t  a f t e r  a meal should be avoided 

a To minimize EVA overhead time, the on-duty cycle for 

mission s p e c i a l i s t s  should not  b e  in t e r rup ted  w i t h  an 

exercise period 

a A f r e r  a 1 2  S r  work pericd, an astronaut may not want t o  

exe rc i se  o r  may be t oo  tired t o  exercise at sufficient 

i n t e n s i t y  to counteract deconditioning 

Two exercise per iods  per 24 hr may be more effective 

than a single, 1 hr exerc ise  period 

Under normal cond i t i ons  ( i . e . ,  ' nonernergency), exercise 

has a higher p r i o r i t y  than work. Thus, exercise p e r i o d s  



should be completed each day, even if work periods need 

to be reduced. 

~e.commendation: Explore several p o s s i b l e  schedules f o r  

exercise during a 24 hr p e r i o d .  

6 . 4  EXERCISE SCHEDULE & TIMELINES 
Two exercise periods are p o s s i b l e  - one during off-duty hours 
and one during on-duty hours. Tables  6-1 and 6 - 2  give t he  tirne- 

l ines  for these two periods. 



Table 6 1  OH-Duty Exercise Taskflirneline 

TASK 
b. 

1 DOFF AND STOW BASIC IVA GARMENTS 

2 DON EXERCISE CLOTHES (IN CRFdV OUARTEFtS) 

3 TRANSLATE TO EXERCISE AREA AND STOW TOWEL 

4 ATTACH BlOMEDlCAL MONlfORS YU SELF 

j DEPLOY AND GET ON EXEFtClSE ONICWATTACH RESTRAINTS 

6 PUT ON HEADSET 
HOOK UP HEADSET LEAD TO AUOlONlDfO SYSTEM 
TURN ON C~~ PLAYER 
INSERT AUGlQNlDEO CASS- TAPE INTO PUYEFl 

7 HOOK UP CHEST HARNESS LMD TD BfQMEDlCAL MONlTDR 
TURN ON BIOMEDICAL MONITOR ELECTRONICS 
ENTER INFORMATION (PERSONAL iOENTIFICATlON AND EXERCISE DEVICE 

TO BE USED) INTO BIOMEDICAL DATA RECORDER 
START PLAYER, SELECT PREFERRED CHANNEL AND ADJUST CONTROLS 

(AUDIO AND VIDEO) 
STAR1 BIOMEDICAL DATA RECORDER 
SET COUNTDOWN TIMER TO 20 MIN AND START TIMER 

8 PERFORM EXEF?ClSE PROTOCOL 

9 TURN OFF BIOMEDICAL DATA RECOROER. BIOMEDICAL MONITOR 
ELECTRONICS AND DETACH LEADS 

UNPLUG HWOSET LEAD FROM AUDIONICE0 SYSTEY 
EJECT CASS€l7E TAPE CROM PWYER 
?URN OFF POWER TO CASSETTE PWER 
DETACH RESTRAINTS 
u N s m w  AND USE mwa TO DRY OFF 
RESTOW TCWEL 
CLEAN PESSPIRATION F3CM EXERCISE DFiICE 

:(i CHANGE WERClSE UEVlCE 

I .AFACH ZESTRAINTS TO SELF AN0 .?€=EAT STEPS 7 THROUGH 9 ABOVE 

TIME 

2:30 

2: 30 

1 :00 

1 :OO 

0 3 0  

0: 30 

t :a0 

2O:OO 

2:oO 

0:30 

23:GO 

12 UNSTOW T(3'rYEL AN0 EGilESS EXERCLSE AREA / :I0 

TFTAL ESTIMATED TIME: 35:OO 



Table 6 2  OmDuty Exercise Taskflimeline 

TASK TIME 

1 Doff AND STOW BASIC IVA GARMENTS 2:30 

2 DON EXERCISE CLOTHERS (IN CREW QUARTERS) 2 3 0  

3 TRANSLATE TO !EXERCISE AREA AND STOW TOWEL 1:M) , 

4 AfTACH 810MEDICAL MONITORS TO SELF 1 :00 

5 DEPLOY AND GET ON EXERClSE DEVlCE 
ATTACH RESTRAINTS 
PUTON HEADSET 
HOOK UP HEADSET LEAD TO AUDIONIDEO SYSTEM 
TURN ON CASSETE PLAYER 
INSERT XUDJOIVIDEO CASSEllE TAPE iNTO PLAYER 0 3 0  

6 TURN ON BlOMEDlCAL MONITOR ELECTRONICS 
HOOK UP CHEST HARNESS LEAD lU BIOMEDICAL M0NIX)R 
ENTER lNFORMATlON (PERSONAL IDENTIFICATION AND EXERCISE DEVICE 
70 BE USED) INTO BIOMEDICAL DATA RECORDER 

START PLAYER. SELECT PREFERRED CHANNEL AND ADJUST CONTROLS 
(AUDIO AND VIDEO) 

START BIOMEDICAL DATA RECORDER 
SET COUNTDOWN TIMER X) 20 MIN AND START TIMER 1 :OO 

7 PERFORM €XERCISE PROTDCOL 20:OO 

8 TURN OFF BlOMEDlCAL DATA RECORDER, BIOMEDICAL MONITOR 
ELECTRONICS AND DETACH LEADS 

UNPLUG HEADSET LEAD FROM AUDlONtOEO SYSTEM 
EJECT C A S S m E  TAPE FROM PLAYER 
DETACH RESTRAINTS 
UNSTOW AND USE TOWEL TO DRY OFF 
CLEAN PERSPIRATION FflOM EXERCISE DEVICE 2:OO 

9 STOW EXERCISE DEVlCE 0: 30 

10 EGRESS EXERCISE AREA :30 

TIXAL ESTIMATED Tlh!E: 31 : 30 



INITIAL MOCK-UP EVALUATION EXERCISES 

7 . 1  HOCK-UP DESCRIPTIONS 

GSS'S initial mock-up a c t t v i t i e s  of Space Station i n t e r i o r  d e s i g n  

began by focusing on the Galley/Wardroom. Two mock-ups were 
used. One was a full-scale representation containing all of the 
v i s i b l e '  interior architecture and functional sites of the Habi- 
tation Module and is located at its Bethpage facility, In addi- 
tion to the Galley/Wardroom it included the Command and Control 
Station, the Health Haintenance and Exercise areas, the Personal 
~ ~ ~ i e n e / ~ a s t e  Collection and Laundry Facilities, Crew Quarters, 

and Window Work Stations. The Galley/lJardroom in this mock-up 
con t a ined  only s t a t i c  (non func t i on ing )  p i c t o r i a l  representations 

of its component parts. However, it was possible to pull down a 
42 in. standard Galley rack to demonstrate maintenance and ac- 
cessibility to the i n t e r i o r  s k i n  of  the module. 

The Galley/Kardroom portion of the mock-up was first configured 
to represent the GSS baseline design as shown in F i g .  7-1. 

Following t he  s c e n a r i o  exercise and video,  taping of the b a s e l i n e  

concept t ha t  included a round table, the mock-up was r econf ig -  

u red  to depict an alternative arrangement with a T-shaped table. 

The second mock-up was Located in G S S s  Houston facility. This 

depicted only the Galley/Wardroom area. (No ~ther Habitation 
* 

:ilodule r u r r c t i o n a l  sites w e r e  r ep re sen t ed .  ) In t h i s  mock-up, 

soroe of the Galley ccmponents possessed limited functional 

characterfscics that were s u p p l i e d  b y  General E l e c t r i c  ( G E ) .  

F o r  instance, a number of ambient food storage compartments, a 

trash compactor, a refrigerator/freezer, and. some microwave 

ovenldish c l e a n i n g  units were  capable of being opened and 



5 STANDARD 41.5" MODULES 
COMPRISING GALLEY EQUIPMENT 

THIS ARRANGEMENT REFLECTS THE 
GAUMMAN TASK TIMELINE ANALYSIS 

KEY 

I. WL 0.00 
(NOMINAL FLOOR 
LINE) 

? 

-AMBIENT FOOD 
-MIEN:MICROICONVECT 
-INVENTORY UNIT 
-TRASIi COLLECTOR 
-HOUSEKEEPING 
-FREEZER/HEFRIG. 
-REFHIGIFREEZEA 

Fig 7-1 GSS Baseline Galley Arranyoment 

1 
2 
3 
4 
5 
6 
7 

-WATER DISPENSER 
-HAND WASHER 
-UTENSILSIAPPLIANCE 
-DISHWASHER 
-TRASH COMPAClOR 
-MISC. GALLEY STOW 
-MISC. GALLEY STOW 
-CLOTHES WASHIDRY 

8 
9 

10 
11 
12 
13 
14 
15 

2 



closed.  Simulated food items, utensils and dishes could be put 
in or taken out to demonstrate interior volume and structural 

feature usage with respect to racks or operating parts. me 

handwash units could be deployed or resrowed in their operation- 

al positions. Several air table work surfaces were deployable 

and functioned as designed. Trash collectors were capable of 

receiving discarded material. All of the semi-functioning units 

were provided for not only appearance sake but f o r  fit and/or 

(limited) function. With the exception of the air t a b l e s ,  none 

were s u p p l i e d  with power, where it normally would have been ap- 
propriate. 

At GSSs Houston facilities, the initial scenario exercise and 

video taping was done with this second mock-up arranged to re- 

present the GSS baseline configuration. Following the exercise 

event, the baseline was reconf igured .  A working keyboard and 

CRT display were added which enabled a test subject to enter 
his/her name, view a menu of food options and then select a par- 
ticular meal. (In this concept the' choices selected would be 

printed out and used as an aid in. food retrieval. However, a 
working printer was not included.) 

7.2 EXERCISE PETHOD 

During J u l y  and August of 1986. GSS used these mock-ups as a 

means of assessing fundamental aspects of Galley/Wardroom design 

and to develop i n s i g h t  into how f u t u r e ,  more formal ,  mock-up 

evaluations should be conducted, p a r t i c u l a r l y  with regard . t o  

gaining useful, instructive information in situations where it 

is not possible to create 0 g conditions. 

A variety of meal preparation and clean-up scenarios were gener- 

ated. In general, the task sequences used were fairly constant 
from one session to another. In all cases, t h e  sessions were 
d i r e c t e d  by G S S  personnel. Initial sessions began with a one- 

person meal sequence and, as experience was gained, additional 



test personnel were added to divide up the food preparation pro- 
cess between a meal set-up individual, a food retriever/server 
and a cook/server. 

The exercise director held a pre-exercise training session with 
the participants, guided them through the  exercises and con- 

ducted a post-exercise evaluation and summary session at the 

close of the proceedings, at which time the video tapes were 

reviewed. 

As these events evolved there were some improvements made to the 
scenarios as experience was gained, and as the number of "crew- 
members" participating increased from one, t o  four, to eight. 
Farmer astronaut, and technical consultant to GSS, Donald 

Peterson, participated in all events; and all exercises involved 
the participation of GSS and GE personnel, except those held in 

Houston, which were observed by cognizant RT. an NASA personnel. 
The eva-luzrion data generated from these exercises were in the 
f o m  of coments  recorded during their occurrence and from post 
exercise de-briefing sessions attended by both participating 

test team members and observers. The comments were documented 

in trip reports and in-house memos. A summary of these informal 
critiques and the conclusions and recommendations arising out of 
the exercises are referred to in Subsection 7.3. 

7 . 3  RESULTS 

The validity of information obtained from the use of mock-ups is 
directly related to their level of fidelity. The results re- 
ported in this section are, therefore,  limited to the followins: 

Galley/Wardroom general arrangement design factors such 

as the architectural concept, equipment functional ar- 
rangement, the meal process Logistical sequence, 

Galley/Wardroom table functional relationship, and com- 

ponent orientation 



Food package hand l ing  and work surfaces 

Mobility and restraint 

a Storage provisions accessibility 

Trash d i s p o s a l  ?rovislons 
h c c e s s i b i ~ i t y  t o  module w a l l s  

Meal selection. 

7 . 3 . 1  General Arrangement 

The mock-up exercises conducted ar this early s t a g e  of develop- 

ment have shown that GSS's basic Galley/lv'ardroorn concept is in 

keeping with the primary objectives o f  the qtlad-truss interior 

architectural design philosophy. These include an open environ- 

ment, unobstructured traffic flow and rapid egress, and an e f f i -  

cient work space arrangement. In addition, the functional 

arrangement of Galley equipment, containing integrated and s t o w -  

a b l e  work surfaces, a contiguously situated but  separable and 
stowable Wardroom table; is consistent with the logistical se- 

quence required for meal preparation and clean-up. This  se- 
quence . i s  essentially constant regardless of the number of 

crewmembers act ively  engaged (as table-setter, retriever, or 

cook) in the meal preparation process,  i.e., one,  two, to a 
maximum of three. In addition, the functional arrangement of 

food stowage provisions, cooking devices, trash disposal w i t s ,  

etc., are a l s o  c o n s i s t e n t l y  arranged with respect t o  t h i s  l o g i s -  
t i c a l  sequence, It -as expected, and clearly observed during 

the exercises, that as the number of active participants in -  
creased ,  the amount of physical movement would decrease. Under 

all conditions, however, the functional arrangement of Galley 

equipment was consisrent with the work flow (meal p r e p a r a t i o n  

and clean-up) process. 

One subtle advantage of GSSs Galley/Wardroorn design is that, by 

locating all of the meal process provisicfis on one side of the 
Habitation :foduLe, the potential ex i s t s  for  minimum interference 
with Station o p e r a r i m s  requiring the use of the Wardroom Table, 



if particular circumstances requiring such a situation should 

arise. This is, although the Wardroom t ab l e  and Galley a r e  
functionally linked, as far as the meal process -is concerned., 

the proposed design provides an efficient operational separa- 

tion, if necessary. 

GSSs Galley design provides f o r  a forward-facing orientation of 
operating features. There are, a t  p r e s e n t ,  no provisions for 

overhead stowage for item retention as it is believed that 

forward-facing is a more effective way to conf igure  Galley com- 
ponents with respect to safety, reach and visibility. 

While the spacecraft designer is, in theory, free to u t i l i z e  

"ceilings" and "floors" as well as "walls" as work surfaces, 

fundamental questions arise as to how and under what conditions 

people successfully adapt to a multi-orientational field with 

respect to their p s y c h o ~ o g i c a l  equilibrium, let alone work e f f i -  

ciency, These mock-up exercises provided no justification f o r  

altering GSSs baseline concept along these l i n e s .  Until such 

t i m e  as Galley operations can be evaluated in 0 g and its ef- 

fects on meal preparation and comfort fully understood, overhead 

component placement must be considered a second-choice design 

option. 

The GSS b a s e l i n e  concept shows two sets of refrigeratorlfreezers 
next to one another. This arrangement was preferred over ac 

alternate configuration which separated these two s e t s  of  units, 
I n  a d d i t i o n ,  the T-shaped table seemed to take-up too much of 

the aisle space precluding e a s y  translation back and forth 

across the module thus somewhat restricting the free flow of 

traffic. However, it's stowability was judged to b e  a valuable 
feature. 

Another alternate configuration positioned the handwash closer 

to the food cooking area. It was conceived of as a sink for use 



during cooking,  as  well as  a handwash, and may have offered some 

slight advantage if the food system is so designed a s  to requzre 

i t s  use i n  that manner. 

7 . 3 . 2  Food Package Handling h Work Surfaces 

A t  the  t i m e  these mock-up exercises were accomplished, l i t t l e  

was known about the exact food. packaging method to be used on 

the Space Station. The assumption was therefore  made t h a t  food 
packaging would b e  s i m i l a r  t o  t h a t  used on the  Shuttle, i-e., 

small individual portions to be used in conjunction with food 

trays. The exercises showed that this concept was compatible 

with the Galley stowage provisions but  that considerably more 

work space was needed f o r  interim r e t e n t i o n  on work surfaces and 
food t r a y s  during food r e t r i e v a l  and in preparation for cooking 

and serving. During eating, the food would be retained on trays 

at the Wardroom table which provides sufficient surface area and 

accommodations f o r  eight crewmembers. 

7 . 3 . 3  Mobility & R e s t r a i n t  

The Space Station meal process,  as was demonstrated in these 

mock-up exercises, is a manually intensive activity involving 

the physical handling of a large number of small items. Unlike 

on earth, movement in 0 g is easy but remaining stationary to 

accomplish required tasks is difficult. In addition experience 

has shown t h a t  astronauts are very o f t e n  con t en t  w i th  s imply  

f l o a t i n g  in the general vicinity of their work. Neither of 

these effects or conditions w e r e  achievable in these exercises. 

For purposes of expediency, it w a s  assumed cha t  foot loops would 

be the preferred method of restraint, on the grounds that they 

a r e  the easiest to use. (Various o t h e r  methods of IVA "anchor- 

ing" tha t  have been t r i e d  by NASA to date have n o t  proven to be 

altogether satisfactory. 1 However, use of such a system in a 

0 g environment makes their implications for use in an "open- 



area" Galley design difficult to assess in one-g conditions. In 
addition, if f a c i l i t y  design were to include wotk areas on ceil- 
ings and floors, (assuming that this multi-orientational field 
is deemed feasible) it would be necessary, as an example, to 
provide - mobility and restraint aids to accommodate every body 
orientation necessary for p2rformance. 

It is imperative that special attention be given to defining the 

restraint and mobility system that is needed to perform the meaL 

process tasks in an effective and comfortable manner. Once con- 
ceived, such a system must then be subjected to in-flight 0 g 
testing using a prescribed test scenar io  so as t o  v e r i f y  its 

adequacy before a final assessment can be made. 

7.3.4 Storage Provisions Accessibility 

During the exercises, it was clearly observed that there was a 
considerable amount of storage area door and drawer opening and 
closing. This act ion not o n l y  caused the test subjects to have 

to step back (conceivably out of their foot restraints) but, in 
certain instances, wipes the food items/housekeeping supplies 

right off the air tables on which they had been previously posi- 
tioned. A new concept of Galley door and drawer design is, 
therefore, needed which will minimize storage compartment inter- 
ference with crewmember Galley activities and that will no t  dis- 
turb work surface items. 

Several design approaches are possLb'le that include recessing 

the doors such that rhey can be left open. (The extent to which 

this is possible with the refrigerator/freezer doors during the 

period of meal preparation should be investigated). In addi- 
t i o n ,  the vertical area behind the wotk surfaces should not con- 
tain any components with doors or drawers, thus eliminating the 
problem. 



7.3.5 Trash Disposal Provisions 

Trash collectors at either end of the Galley proved to be a most 

useful ad junc t  t o  Gal ley design; p a r t i c u l a r l y  when a maximum of 
e igh t  cre~members sere completing their meal and were involved 

in queing up t o  d i s p o s e  of trash and d e b r i s .  Likewise, the use 

of some trash collector located at the Wardroom Table would help 

t o  maintain the cleanliness of the area and was judged t o  b e  a 
d e s i r a b l e  feature. 

During these mock-up exercises there was no demonstration of the 

use of a vacuum device in the GalleyfWardroom area as p a r t  of 

t h e  c l e a n - u p  operation. 

7 .3 .6  Access ib i l i ty  t o  Module Walls 

During the e x e r c i s e s ,  a 4 2  in. standard rack in the Galley was 

unpinned from i t s  connecting p o i n t  and r o t a t e d  t o  expose the 

Xodule skin. This a c t i o n  w a s  e a s i l y  performed and i t  was e v i -  
dent  that direct access to perform maintenance or c leaniag  could 

be  easily accomplished. 

7 . 3 . 7  Meal Se lec t ion  
I n  these reviews, the locat ion  of the' meal selection CRT a n d  

Keyboard a t  the cooking end of t h e  Gal ley ,  adjacent to t h e  
ovens,  v a s  judged to be the func t iona l ly  correct position be- 

cause of its probable use in determining cooking time. However, 

the XeaL Selection and Inventory Control System is very much 

unresolved ar  this poLnt and needs more definition before  a 

f i n a l  judgement can be made. 

- 
i . 4  CO!ICL2SIONS 

The use of mock-ups is an integral part of the design process. 

Experience has shown t h a t ,  in spite of t he  diligent application 

of a p r io rL  p r inc ip les  of design, much can be learned from such 
exerctses that w a s  not foreseen during earlier ana lys i s  and 

concept development, thus enabling subsequent oprimization of 

Cesigr.. 



These in formal  GalLey/Wardroom exercises have shown that GSSs 

concepts s a t i s f y  b a s i c  architecture and functional requirements 

f o r  Space S t a t i o n  habitability. They provide  an additional 

source of conf idence  in GSSs approach to Habitation Module i n t e -  

r i o r  design. 
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