AD-A218 172

Q0030205001

DTIC FILE- copy

e SNe M AT
FRCH:  APIT/CL
SUBJECT: Eeview of Thegis

n0: P4

1. Requegt you revicw the zitached for pudblic releuase rrior o

being sent to DTIC. |

2. Reply by indorseneny two CI KLY

éés:c Available Copy

7 July 1989

. S . ’y
Fomen Tt ‘/.ff—:';:‘xfr«:-'f‘\—
ERNEST A. EAYGOOD, ist Lt, USA?
Executive Officer
Civilian Institution Progreas

et Ind,-AFIT/PA

"0: CI

Approved Disepereved for public release.

Log Nusber: 89-10-105

Nt © Mol

HARRIET D. MOULTRIE, Capt. USRF
Director, Office of Public Affairs

v " Best Available Copy 90

1 Azch
THESIS 89~059
WARD

06 FEB BN

oo ?
o

ig/Disceration Yor Public heleuce

0




TECURITY CLASSIFICATION OF THIS PAGE
. Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188
18, REPORT SECURITY CLASSIFICATION 1b. RES. oTIVE MARKINGS
UNCLASSIFIED NONE

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION /AVAILABILITY OF REPORT

APPROVED FOR PUBLIC RELEASE:
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE DISTRIBUTION UNLIMITED.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

AFIT/CI/CIA-89~059

6a. NAME OF PERFORMING QRGgNliATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

(If applicabie)
AFIT STUDENT nz'ay'r PPl AFIT/CIA
6c ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)

Wright-Patterson AFB OH 45433-6583

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT ICENTIFICATION NUMBER
ORGANIZATION (It applicabie)
"8c ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. ] NO. NO. ACCESSION NO.
11, TITLE (Incluce Secul awfmu . . R
A New Fac:.lltymf)esn.gn &d rk Met or )t)v'xe Quantitative FIT Testing Laboratory
12, PERSONAL AUTHQR(S
P oeder c Wash
13a. TYPE OF REPORT 13b. TIME coveneo 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
THESIS/SYSESP0UPIRK | From 1983 May 107

16. SUPPLEMENTARY NOTATION APPmmrm 0=-1
ERNEST A. HAYGOOD, 1st Lt, USAF
- Executive Officer, Civilian Institution
17. COSATI CODES 18. SUBJECT TERMS (Cont/nue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP

19. A8STRALT (Continue on raverse if necessary and identify by biock number)

20. DISTRIBUTION / AVAILABILITY QOF ABSTRACT 21, ABSTRACT SECUNITY CLASSIFICATION

L_CIUNCLASSIFIEDUNUMITED [ SAME AS #PT. [ DTIC USERS UNCLASSIFI
128, NAMIE OF RESPONSINLE MOVIDUAL . 22b. TELEPHONE (includde Area Cude) | 22¢. OFFICE SYMBOL
D, 1lst Lt, USAF (513) 255-2259 AFIT/CI

m
DO form 1473, JUN 86 Previous editions sre obsosete. 1§ PA
> AFIT/CI "OVERPRINT"




Name: George F. Ward

Rank: 1Lt

Branch: #Aiv Force

Year of Graduation: 1988

Number of Pages of Thesis: 107

Deqree Awarded: Master of Science in Industrial Engineering

Name of Institution: OSt. Mary’s University

Accession Yor

NTIS GRARI '@E
DTIC TAB

Unanncunced a
Justification e

By.
pistributiocn/

Availability Codes
Avail and/or
Dist Special

Al




1V 4
¢

.

9
LI
Y
i

2 S y e 1 o T
wwwV%wmgﬂ"*WQHQEwwﬂwaNVIWfﬁwwﬂﬁwffﬁﬂgﬂqﬁﬁﬂﬁ@%ﬂﬁﬁ“@mwwwfgﬁ”wfﬁww;lﬂ&_~
t Vg * . ‘ : . . A . . - o .

e :

R

i

i

A NEW FACILITY DESIGH AND WOREK METHGD

FOR THE QUANTITATIVE FIT TESTING LABORATORY

A
THESIS

Fresented to the Faculty of the Graduate School of
St. Mary’s University in Partial Fulfillment
of the Requirements

far the Degree of

MASTER OF SCIENCES
IM

INDUSTRIAL ENGINEERING
BY

5. Frederic Ward, B.S.

San Antonic, Texas

May, 1989




s

-
.

A NEW FACILITY DESIGN AND WORK METHOD

FOR THE QUANTITATIVE FIT TESTING LABORATORY

G. Frederic Ward

5t. Mary's University., 1988
Supervising Professor: Antonio J. Dieck, Ph.D.

’”“‘“‘4:EE> The Uriited States Air Force Scheol of Aerospace
Medicine {(USKFS5AM) tests the quantitative fit of masks which
are worn by military persocnnel during nuclears biological.,
and chemical warfare. Subjects are placed in a Dynatech-
Frontier Fit Testing Chamber, salt air is fed intas the
chamber, and samples of air are drawn from the mask and the
chamber. The ratico of salt air ocuiside the mask to salt air
inside the mask is called the quantitative fit factor. A
moticn—-time study was conducted to évaluate thevefficiency
of the layout and work method presently used in the
laboratory. A link analysis was done to determine equipment
priorities, and the link data and design guidelines were
used to develop three proposed laberatory designs. The
proposals were evaluated by projecting the time and motion
efficiency, and the energy expended workino ir each design.
Also evaluated were the lengths of ﬁhe equipment links far
each proposal, and each proposal’as adherence to deaign
guidelines. A mock-up was built of the best design

proposal, and a second motion-time study was run. Results
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from the two motion-time studies were compareds and showed

that the new laboratary design and work method i1mproved time

and maticrn efficiencys and reddced energy expenditure. When

implemented, the new laboratory design and work method are

'& enpected to cave more than $46,000,00 over the next five

i .‘/,///ﬁggngwuﬂbrEéfAédtput was alsc improved.” Results showed
that with the new labciratory and work procedures. the
USAFSAIM analyst could test 116 more subjects per year than
are currently tested. Finally, the results of a

questionnaire given to the analyst indicated that user

acceptance of the work area improved with the new design.
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A NEW FACILITY DESIGN AND WORK METHOD

FOR THE QUANTITATIVE FIT TESTING LABORATORY

G. Frederic Ward

St. Mary’s University, 1988

Supervisirg Professor: Antonio J. Dieck, Ph.D.

The United States Air Force School of Aerospace
Medicine (USAFSAM) tests the quantitative fit of masks which
are worn by military personnel during nuclear, biclcogical,
and chemical warfare. Subjects are placed in a Dynatech-
Frontier Fit Testing Chamber, salt air is fed into the
chamber, and samnles of alr are drawn from the mask and the
chamber. The ratioc of salt air outside the mask to salt air
inside the mask is called the guarntitative fit factar. A
moticon—time study was conducted to evaluate the efficiency
of the layocut and word method presently used in the
laboratory. A link analysis was done to determine equipment
pricrities, and the link data and design guidelines were
used to develop three propased laboratory designs. The
proposals were evaluated by projecting the time and motion
efficiency, and the energy expended working i1n each design.
Also evaluated were the lengths of the egquinment links for
each rroposal, and each proposal’s adherence to design
guidelines. A mock-up was built of the best design

proposal, and a second motion-time study was run. Results
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from the twe motion—-time studies were compared. and showed
that the new labaoratory design and work method improved time
and motion efficiency, and reduced enerqgy expenditure. When
implenented. the new laboratory design and work method are
expected to save mare than $#6,000.00 over the next five
vyears. Worker ocutput was alsa improved. Results showed
that with the new laboratery and work procedures, the
USAFSAM analyst could test 116 mare subjects per year than
are currently tested. Finally, the results of a
guesticnnaire given to the analyst indicated that user

acceptance of the work area improvea with the new design.
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FPREFACE

Tris thesis involves the facilities design for the
Guantitative Fi1t Tewting Laboratory at the United States Air
Force Schoal of Aercspace Medicine at Brooks Alr Frarce Laze,
San Antoniocs Texas. The laboratory is uvused to test the
quantitative fit for masks worn by militarv personnel during
miclear, biclogical, and chemical warfare. The laboratory
layout and word procedures were evaluatzd, and
inefficiencies were found. A more efficient design and woirk
method was develaped and implemented. It was hoped tnhat
this thesis would provide a design and work method which
would make the quantitative fit testing process more
efficient.

Freliminary rese:zrch began in March 1988, data
collection started 1n July 1988, the thesis went to
committee on 25 Octobersy and the committee met and gave

final approval on 4 Movember 1988,
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Chapter 1
IMTRODUCT IONM

1.1 BACKGROUMD

As world tensions continue to grows the need to acguire
and develop new defense technology increases. The spectrum
of technology already available is broad, ranging from
simple hand held weapons and stealth bombers to nuclear.,
biclogicals and chemical (NBC) contaminants.

The United States currently conducts research which 1s
intended to help our military personnel during an NBC war.
Masks worn by military troops are tested for leakage at the
United States Alr Force School of Aerospace Medicine
{USAFSAM). A new laboratory was designed for the purpose of

testing the quantitative fit of masks used in NEC warfare.

1.2 PURPOSE

The objective of this project was to provide USAFSAM
with a work method and laboratory design which would enable
the anmalvyst to perform laboratory tasks in the shortest
pessible time and with the greatest ease and satisfaction.
The analyst’s job was designed so that 1t resulted in the
lowest possible enerqy expenditure. Through an extensive
analysis. which included interviews, a questiocnnairae,
motion~time (MT) studies, link énalysis, enerqy expenditure,
and design qQuidelines, an improved laboratory facility and

vwork methocd were developed.




1.3 OVERVIEW OF THE THESIS

In this project, the analyst in the Quantitative Fit
Testing Laboratory was video taped as he setup the
laboratory and tested a subject wearing a MBU-13F mask. The
activities performed (motions) by the analyst were noted and
defined. Later. each of the defined moticns were timed in
arder to determine which activities consumed most of the
analyst’s time. Using this information, the analyst‘'s
activities were changed to reduce the setup and testing
time. This involved redesigning the laboratory. Interviews
were conducted and a questionnaire was administered to
determine the good and bad points of the current gnd the
propesed design. A link analysis was performed on the
analyst’s movements from one piece of equipment to another
to establish the frequency with which the components were
linked and the importance of thé linka., Controls on the
consoles, and the computer were then relocated according to
their priocrity to the analyst and tu design guidelines. The
amocunt of energy spent by the analyst working with the old
and the new designs was approiimatec using available data
and compared.,

In Chapter 2, the Quantitative Fit Testing Laboratory,
~ the procedures used in the labeoaratory, and the current
design problems are described. Chapter 3 is a literature
review of the system design process, motion-time studies,

link analysis, energy expenditure data, and design
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guidelines. Chapter 4 is the methodology section which
includes subjects, apparatus, and evaluation procedures used
in the motion—-time studies, methods analysis, and link
analvsis. Alsc described are the procedures used to compare
energy expenditure data and the design guidelines, as well
as cost reduczticon and questionnaire procedures. Chapter S
describes three laboratory design proposals. Chapter 6 1s a

description and compariscon of the results, and Chapter 7

presents a summary and recommendations.




Chapter 2
DESCRIPTION OF TWE QUANTITATIVE FIT TESTING LAHORATORY

2.1 BACKGROUND

The Quantitative Fit Testing Laboratory at the USAFSAM
(Brooks Alr Force Bases Texas) tests for leakage in the
three main types of masks worn by United States Air Force
personnel. These masks are the M-17 series, which are
groeund crew masks (being phased out), the MBU-13P (pilot’s
mask)s and the MCU-2/P which is the new ground crew mask,
replacing the M-17 series. Subjects are placed in a testing
booth wearing one of the three masks, and a vaporized salt
solution 1s fed into the booth. Over time, samples of air
are drawn from the mask to determine the amount of
contamination (salt solution) that has leaked into the mask.
Results are then compared with standard data and generalized

tuo nuclear, bioclogical, and chemical warfare.

2.2 CURRENT LABORATCRY LAYOUT

Figure 2.1 depicts the current laboratory laycut.
During set up, the analyst spends most of his time at the
sink making saline solution or at the consoles calibrating
instruments. The three calibration, or air flow,
instruments are the calibration drying air, sample carrier
air, and the atomizer air. Travel between the sink and the
two consoles is frequent, but access to the conscles is

unnecessarily long and difficult due to protruding pipes,

4
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Figqure 2.1 The Current Laboratory Layout

]




electrical wires, and insufficient walk space. For safety
reasuns, the sink cannot be lacatgd with the conscles,
haewever, the consoles could be brought closer to the sink to
reduce the walking distance. The consnles are shown in
Figure 2.2 and 2.3. While calibrating the instruments,
line—-of-sight to the integrator boxes is necessary.

Although line-af-sight is currently not a problem. the
analyst has the option of taking readings from the
integrator boxes (See Figure 2.4) from six feet away or
walking closer to get a better view.

During testing, the focal point of the analystis
activities is the computer. The computer equipment is shown
in Figure 2.5. The analyst frequently walks between the
computer and the consoles. To do this, he must place the
kaybecard on top of the computer and carry the intercom as he
walks to the becoth comscle. Restricted by the length of the
intercom caord, the analyst must then put the intercom back
before walking to the mask conscle. After inspecting and
adjusting the air flows to the mask, the analyst returns to
the computer and sits down.

The literature indicates that chairs and seating
posture are presently receiving a lot of attention because
of worker absences due to neck and back problems. Nussbaum
£198%1 stated that a properly designed chair can add as many

as 40 productive minutes per day for most office warkers,

which is 21 productive davs per year. Problems cccur magt




Figure 2.2 The Current Mask Console




Figure 2.3 The Current Sooth Consoie




Figure 2.4 The Current Location of the Integrator Boxes
(Integrator Boxes are the Top Two Boxes)
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often for workers in sedentary jobs such as data entry.

The

chair used in the Quantitative Fit Testing Laboratory is

similar to chairs found 1n living rooms of homes. The seat

cushion 1s stuffed as are the arm rests and back support,

making tt a very comfortable chair to sit tn. The chair’s

wti1lity was limited, hcuever, because i1t could not be

adjusted to different heights. In fact, the analyst had to

nMold his head back at an angle of 20 degrees above

horizontal, in order tc see the computer screen. The

analyst’s comfort was a concern in this study. as were time

and maticn effjciency and energy expenditure.

Fraom the time study, setup time, testing time, and
total time were determined for the fit testing process.,
functianal flow diagram (Appendilx A) of the process wa:
constructed ard was used to conduct a methods analysis
Freom the methods analysiss the distance traveled by the
analyst duoring setup and testing was determined, as was
amcunt of enerqy spent. The present study scught to
determine 1f the time required,. the distance traveled,

the ererqgy expended could he reduced.

2.3 SYSTEM PERFORMANCE ORJECTIVES AND CONSTRAINTS

~

Syastem performance specificatione 1nclude ensuring

A

the

and

the

proper mi1.: of salt and a1+ which enters the boath, drawing

samples of air from the subject’s mask. communicating with

the subject via &an intercom system, and providing input

tn

the computer about the subiect and the type of mask used,

i




System constraints includes the flocor space available in the
new laboratory. An area 20 feet four inches by 246 feet four
inches was allocated for the iaboratorv. The air flow line,
which ran from the vertical flame to the pump, and then tco
the booth had to hbe as shart as possible. This constraint
was addressad throughout the project. Money was not
available ta purchase new equipment because the project
began late in the fiscal year. Water faucets, electrical
power sources, and air connections were needed. Water is
necessary to make salt water, electrical cutlets are the
source of power for the system, and air connections are used
to flush the tubes which carrvy salt air to the beooth and
frem the mask. Time was also a system constraint. Due to
the amount of time required to setup and test in the
laboratrry, the number of subjects who could be tgsted each

day was restricted to eight.

2.4 O0OVERVIEW OF THE LABORATORY DESIGN PROBLEMS

The research conducted in the laboratory 18 vital to
the Air Force. However, the apparatus and methods used were
evaluated. and several inefficiencies and hazards were
detected., Some of these problems included: 1) tubes
carrying the salt solution hung in walkways anad were draped
ACroes other equipment, creating a safety hazard, 2) the
computer, which stores date from thae mask and booth, was
locuted on a laboratory cart, 3) the computer hkeyboard sat
on top of the computer terminal requiring the analyst to

i2




stand or place the keyboard in his lap every time he made an
entry,s 4) scme of the motions performed by the analyst were
redundant, 5) the printer for the compurer sat on the middle
shelf of the laboratory cart. and due to a lack of feeding
space, computer papery goivdg 1nto the printer i1nterfered with
paper being fed from the computer and caused printer
problems, &) due to the location of the printer, retrieving
printouts wes inconvenient, 7) many of the calibration
instruments, the vertical flame, the air compressor, and
electrical cords were located 1n the walkway and could
easily be burped accidentally, 8) the analyst spent most of
his time between laboratory tests walking from one piece of
equipment to ancther, and 9) the control consoles for the
baath and mask were nn cpposite sides of the laboratory
which meant the analyst had to step over electrical wires

and tubes when walking between the two consales.

2.5 PURPODIE OF THE RESEARCH

The problems described above resulied 1n a loasg of
trating time, redundancies 1n work methods, and unnecessary
worker fatigue and dissatisfactieon. These problems occurred
because oV a general disreqgard for human factors engineering
design. The Alr Force Systems Command Design Handbook
(1989] liats the faollowing si1x cbjectives of human factors
enginerringt 1mprove pertormance, reduce training costs,
improve manpower utilization, reduce lossea of time and

equipment, 1ncrease econamy 1n production and matntenance.

13




and improve user acceptance. With these human factors
mbjectives'in mind, the aim of this project was to redesign
the labaratory in such & way that the process of setting up
and testing became more efficient and improved user
acceptance, while maintaining the accuracy and effectivenesss
of the testing program.

There are a number of methods available for improving
efficiency. The first étep is to evaluate the worker®s job
performances: first through work measurement, and then
through work methods. Chase and Agquilanc [19851 listed the
following ways to evaluate job performance through work
measurement: film analysis, stopwatch time study, elemental
data, and work sampling. Because the activities in the
labaratory were repetitive and had relatively short time
intervals, a stopwatch time study and film analysis were
used. The techniques for studying work methods include:
flow diagrams, process charts, operations charts, simo
charts, application of the principles of motion economy.,
activity charts, worker-machine charts, and gang process
charts. In this study, flow diagrams and the principles of
motion economy were applied to determine and correct
inefficiencies 1n the analyst’s work methocds. After the
analyst’s job was broken down into individual activities, it
was possible to measure the amount of strain induced by joh-
related stress., Two ways of measuring strain are

physiclogical measures and psychological measures,
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Physiclogical measures are snown in Table 2.1. The

electi-ical measures were tooc laboricus to measure all day.,

Fhysical Chemical Electrical
Blood pressure Urine content Electroencephalogram
Heavrt rate Oxvgenr consumption Electrocardicgram
Si1nus arrhythmia Jdiygen defticait Electromyagraph
Fulse volume Ouygen recovery curve Electooculagram
Pulse deficit Calories Galvanic Skin
Fespiratory rate Blcod content response

Body temperature

Table 2.1 Primary measures of strain as induced by stress
(Sandere and McCormick [19871).

as were many of the chemical and physical measures; so for
this study, energy esxpenditure (kcal/min) was used as a
measure of stress. The literature contains charts which
listed the physiolcgical costs of activities similar to
thaoze activities performed 1n the laboratory.

Psvchological measures include: work rates errors,
boredom. absenteeizm, and employee turnover (Sanders and
McCormick [1987]1 and Muchinsky [193831). Like many of the
rhysiclogical measurez, the measirement of work rate was
labearious. Boaredom was not an appropriate measure for the
purposes of this study, and absenteeisa, turnaver, and
errore ware not a problem, so none of tne paycholagical
measures were used. In additicon to MT studies and enerqgy
aypenditure analysis, decign guidalines were followed to
ensure that the work console was optimally designed.

Three alternative dersigns werae presented in thia astudy.

The cone desi1gn which was expected to he most eafficient was

15
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recommendeds and a functiocnal mack—-up of that design was
built. Analyses, using the mock-up, included measurement of
progductivity and cest savings. One result of efficient
design is improved productivity (masks tested per day) from
labor. Any productivity inerease realized through better
design was discussed. A second result of efficient design
is cost savings. Cost has become especially important to
the Department of Defense due to budget constraints, so the
amount of money saved by implementing the new layaut was

alsa determined.

2.4 PROCEDURES USED WHEN TESTING A MASK FOR LEAKAGE

The Quantitative Fit Testing Labaratory tests the
"quantitative fit factor" for masks worn by a variety of
USAF persannel. Quantitative fit factor is defined as a
dimengionless ratio of the contamination level cutside the
mashk to contamiration levels inside the mask caused by
peripheral seal leakage or manufacturing defect sites (Slate
£19881). fOuantitative fit testing is done by civilian
industries using dicctal pythalate (DOP) inatead of salt-
air, used by the military. Dicctal pythalate is
carcinogenic and dees not provide the sensitivity that salt
provides. Greater sensitivity in quantitative fit testing
is necessary because military applications include NRC
warfare.

When avsubject arrives to be tested, he/she ia briefed

on the testing procedures, dons a masks and enters the
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Dynatech—-Frontier Fit Testing Chamber. Salt (NaCl) air is
then fed intc the booth via a plastic air tube. Samples of
air are continuously drawn from the subjmct®s mask by a data
legger and are input into a computer. As samples of air are
being drawn. the subject is instructed to perform a series
of e.ercises. The exercises include rormal breathing. deep
breathing, mavement of the head from side-to-side, movement
of the head up and down, reading of a written passage which
15 taped to the inside of the boaoth, and making facial
expressions. These exercises are designed to simulate the
stresses that a mask wauld face in a normal environment
(Slate {19881). 0Once each of the six exercises i1s
completed, the procedure 1s repeated with the second and
third masks.

The process of testing a subject is directed primarily
by the computer. The analyst plays two roles. The first is
to respond to each computer prampt by issuing a verbal
command ta the subject. The second is to monitor six
calibration instruments (two each of the atomizer air,
calibration drying airs. and sample carrier air) in order to
1nsure a proper salt air mix,

Once the subj;ect enters the booth, the analyst presses
the "enter” key on the kevhoard. enters data specific to the
subject and mask, and then responds to the prompts which
appear on the visual! display terminal (VDT). While waiting

for each prompts the aralyst must constantly manitor the
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amaunt and concentration of salt air flowing into the booth.
This involves adjusting the contrcl for the sample carrier
air which dilutes and transports salt air to a flame
insuring that the air entering the beoth is clean and dried.
Adjustment of the calibration drying air may alec be
necessary. the calibratiocn drying air is used to dry the
aquecus solution of salt. thus leaving salt air. A third
adjustment involves the calibration atomizer air which
creates an aeroscl of salt and water. The proper salt air
mix f@r the beoth is maintained by controls for the sample
carrier airy calibration drying air, and atomizer air. The
mask hag its own set of controls for these three calibration
instruments, therefore, the analyst has a total of six
instruments to monitor in addition to making responses to
the computer prompt.

At 30 second intervals, the computer prompts the
analyst to instruct the subject to perform one of the siu
erercises. The analyst then presses the intercom button and

gives aone of the following instructions:

BEGIN NORMAL BREATHING
BEGIN DEEP BREATHING

MOVE YOUR HEAD FROM SIDE~-TO-SIDE
MOVE YOUR HEAD UFP AND DOWN

READ THE WRITTEN PASSAGE HANGING ON THE WAL

MAKE FACIAL EXPRESSIONS
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After an individual subject has been tested with the
three masks, ancther subject can begin. Following testing
of a group of subjects, data are gathered and compared to
available standard data. The results are then generalized
to NBRC warfare.

With a clear understanding of what the Quantitative Fit
Testing Laboratory does and an understanding of some of the

general design problems that exist in the laboratary, tne

pertinent literature will now be reviewed.




Chapter 3

LITERATURE REVIEW

3.1 SYSTEM DESIGN

A system is the combination of hardware, informaticr,
and pecple necessary to accomplish some specified missiaon
{Dieter [19831; Railey [1982]3F and Sanders and McCormick
£198713). The human-machine system being designed in this
project is classified as a closed-loop, mechanical system.
Sanders and MctCormick [1987] define a mechanical system as
cne in which the machine typically provides the power, and
the human aperator providss the contrel. A closed-laop
system is continuous. aeaning that the system requires
continuaus contrusl and continuous feedback in order to
function preoterly. The basic functions performed by a human

in a human—-machine system are shown in Figure 3.1%.

3.2 SYSTEM DEVELOPMENT
Dieteyr [1983] lists eiy steps which comprise the dezign
process, These stepns are:
1. Recognition of a need
2. Definition of a problem
3. Gathering of information
4. Conceptualization
5. Evaluation
4. Communication of the design
Most system designers have a list of ateps which they uae as

a guide to proceed through the design process. In Figure

3.2, Blanchard and Fabrycky (1981] describe the process
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invelved 1in systems design. This diagram provides a
specific breakdown of the stage:: desciribed by many system
desi1gners. Bailley (19821 defined system develcpment stages
which included those steps previcusly listed. and also broke
each stage downn to a more specific definitiaon. This list 1s
appropriate for use in designinrng the Quantitative Fit

Testing Laboratory. The stages include:

1. Determine cbjectives and performance specificatians
A. Determire user needs
b. Determine user characteristics
C. Determire organizaticnal characteristics
D. Determine wori flow
E. Determine human performance measurement
procedures and parameters

2. Define the system
A. Drtermine functicnal requirements
B. Determine performance requirements

3. Basic design
A. Alloceate functions
B. Design wark procedures
C. Design performance feedbacl mechanisms

4. Interface design
A. Design i1interfaces
H. Design work areas

5. Facilitator design
A. Develap staffing requirement
%. Design and develap 1nstructions
C. Design and develop performance aids
D. Design and develoap training

6. Evaluation staqge
. Develop testing specifications
Ft. Conduct teast sessinns
C. Fevform system evaluations

One motion-time (MT) study was conducted which

indicated the time and motione needed to perform earch task

23
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in the present laboratory. Three laboratory design
proposals were then evaluated, and a mock-up of the best
proposal was built. A second MT study was conducted using
the mock-ups and the results of the twe studies were

compared.

3.4 MOTION-TIME STUDIES

Twe of the pioneers of work measurement were Frederick
Tayldr and Frank Gilbreth (Lesperance [19331). Tavlor
originated the time study for the purpose of determiiing
t me standards, while Gilbreth and his wife developed the
motion study to improve work methods (Barnes (19683 and
McCormick and Ilgen £19851)., The Gilbreths developed the 17
basic motion patterns, shown in Figure 3.3, which were used
to describe the motion patterns of almost any job
(Christensen £19811: Niebel {19761 and Barnes [19481).

Farnes [1968] stated that in the 19308 work studies
sought to find better and simpler methods of doing work.
Shortly after this. time studies and motion studies were
combined. Goals for motion-time studies raﬁged from
determining wage increases based on ocutput te the design of
work systems (Fein (19791 and Barnes [19481).

Arcund World War I1 an incentive plans cglled the
measured day work (MDW) ., was developed te improve Qorker and
plant praductivity (Fein [19791). Since that time
productivity has become & major issue. According to Niebel
[1976), the production section of an industry could be
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called the heart of the industry. He alsc stated that if
the production department is considered the heart of the
industry, then the methcds, time study,s and wage payment
activity is the heart of the production group. Motion and
time stidies continue to be popular in industry todays and
even though they have been used as work measurement
instruments across many industries wifh differing
objectives, they continue to yield useful results.

Wright [19821 a senior consultirg officer for a.Seattle
area b;nk used MT studies to reduce the time needed to
produce and transmit typed saterials. MT studies were used
first to determine the setup and completion time for a work
order. Then, operator time for keystroke inputs and
proafreading were determined using stop watches. From the
MT data gathared, a production rate table was established
which enabled bank supervisorszs to forecast work ioad and
estahlish reliable turn around timesa. Wright (19821
predicted that 1f properly organized, word processing could
improve typing production by, at least, SO per cent.

A study conducted by Green and Lynam [(19%81 sought to
determine the extent to which work simplification
techniques, pramarily the principlas of motion economy,
could be applied to the practi&o of dentistry. It was
stated that adherence to thesde principles reduced waste and
effort and contributed to more effective methods and

procedures which benefited both the patient and the dentiat.
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Dental office activities were divided into specific jebs
such as oral examination, radiolcgy, surgery, and
censultation. Each job was filmed and performance times
were recorded. Mundel [1958]1 performed a study with similar
procedures and objectives which yielded similar results. In
both cases, Wi L. st ey a7y nTeRas were redesigned.
Figure 3.4 1llustrates the design changes as a result of
Mundel’s study. The revisions provided the following
advantages: 1) less travel arocund the room by the dentist
and assistant, 2) more time for dertistry during operatory
neriodss 3) more space for actual work. and 4) less worker
fatigne due to twisting, turning, and reaching (Green and
Lynam (19981 ard Mundel [(19S81). The cbjectives of the
precsent study paralleled the cbjectives in both studies
mentioned above.

Anderscn [19460) stated that in any cccupatian, a
motion—-time study can help find a preferable procedure for
doing the work. Usually there are numerous ways to perform
a tagk (motion)e and through further study. an i1mproved
method can be determined. In another study of dental aoffice
design. Anderson [(19460) defined the five claszes of motions
liated below which were performed by dentists:

Clams 13 finqers only

Cla=s 113 fingers and wrast

Class [I]l3 fingers, wriat, and forearm

Class IV: full arm

Class V1 gross body motion (turning, twisting.

and reaching)

If the number and extent of Clase [V and V moticns are
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Figure 3.4 Original Dental Operatory Layout
and Isproved Layout
{Mundel [19981)




decreased, then the overall activity s simplified and more
efficient. One way toc reduce the number of Class IV and V
moticons 1s ta locate the primary instruments and controls in
the nornal work area. Figure 3.5 depicts the maximum and
rormal work area as defined by Sanders and McCormick {19871,
Flacement of instruments cutside of these areas resulted in
gross badily movements such as twisting and turning of the
torso or reachina. For more efficient work patterns, these
moetions should be avoided.

A study done by Green and Biocwn [1963] was concerned
with eliminating tensicn and fatigue i1n dentists. A motiaon
study was conducted, and motions ranging from Class I to
Class V were cbserved. Recommendations included rearranging
equipment and work positions to eliminate full arm mations,
reaching, trunk twisting and cther class IV and V metions,
as well as, becoming more physically active during work
hours,

Khalil and Truscheit [1972] designed a study to
evaluate and measure the effectiveress of dental operatory
delivery svstems. A dental operatory delivery system is
made up of a therapy team and physical hardwareae. In an
cpevatory environment. the hardware and therapy team form o
highly 1nteqgrated human-machine system.,. A MT study was
inttiated to compare the amount of time and work expended in
1dentical operatinns while using different delivery

configurations. Results indicated that moticn—-time was
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quite different among the various systems even though the
cperations performed were essentially the same.

Fotential productivity improvements and recommended
manning needs for & book binding producticn line were needed
within six weels. Lanier (19741 used a M7 studvy to meet
these two objectives. The activities of employees and
machines were timed, and detailled e:planations of emplovee
activities during machine delays were provided. Results
included pinpointing operation bottlenecks, a 15 per cent
crew reduction, and better production line balancing.

The Coffee County Fed Cross of Tennessee had a study
done which was designed to improve bloodmebile aperaticns
(Luttrell and Wyatt [19691). One objective of a blocdmobite
1s to maximize the number of blcod donations. Because
bloodmobile operations are typically perfarmed by
volunteers, they are not always handled efficiently.
Luttrell and uyat¥ (19691 ran a preliminary study and at the
end recommended that a more thorcugh analysis be conducted.
They first coserved the layout of the blocdmabile cperation.
Then, times for each phase were determined. Queuing
buildups 1 the operation were noted, and finally, proposed
improvements 1n layoitt and ntilization of nurses were
pyvovaided., The time spent bv e«ch donor at each of the 10
stations was recorded, and times for each station were
averaned to represent standard times. Oueus builldups were

noted priar to operations A and R, Buildup cccurred at
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operation A because donors did not adhere to the established
arrival srchedule. The queue buildup at cperation B was
attributed to the longer unit time needed to prucess a donor
at operation B than opera‘ion A. The time néeded at
operation B 1s twoe and one—-half times longer than the time
needed for coperation A. Luttrell and Wyatt [1969] alsa
concluded that by adding three nurses at coperation B, the
unit time would be decreased, thus eliminating gqueue
buildup. To reduce the amount of time required to perform
any operation, equipment must be ocptimally located.
Optimality can be achieved through the application of link

analysis.

3.5 LINK ANALYSIS

Cullinane (19771 called link analysis a svstematic
technique for studying and planning human-machine systems.
Link analysis focuses on four criteria: instrument
importance, degree of relative use, similarity of functiaon,
and sequence of use (Sanders and McCormick [i987] and Sule
£19881). Margan et al. [19631 define a link as "any
conmecticn between a man and a machine or between one man
and another" (p. 322).

Lippert [1971] studied the travel patterns of nuwrses in
a hospital. The link chart shown in Table 3.1 was
constructed to show the kravel patterna. The values P-{
throngh F-12 are patient bed numbers. From the values shown

in the link chart, the mean nurse-to-patient distance and
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the mean patient-bedside-to-patient-bedside distance were

Murase

Station 51 3% 33 33 5 51 S8 S8 S 25 ) S

F-1 56 65 81 86 102 109 109 102 86 S6 4
P2 49 65 70 86 93 93 86 70 40 Sé&
F-3 O &3 T9 86 86 79 43 49 65
F-4 49 &5 72 72 65 49 65 81
F -5 S 63 63 36 40 70 86
F-6 47 47 40 Sé 86 102
P-7 40 47 63 93 109
P-9 47 &3 93 109
F-9 Sé 86 102
F=-10 70 86
P-11 Sé

Table 3.1 A link chart showing travel distances (feet)
between rooms at the Rochester Methcdist Hospital
(Lippert [(19711])
computed. Lippert [1971]) used these values to compare a
variety of layocuts.

Moore (19711 developed a computerized layocut heuristic,
CORELAFP, which employed link data. A relationship chart was
established by manually collecting link 1nformation, and
these data were entered into the computer along with system
parameters and constraints, The computer ocutput i1ncluded
problem identification, tatal floor area required, an
ordered table of zloseness ratings, scores on every laycut,
and a final lavout (Moore [19711).

A unique application invoalving link analysis was made
by Harper and Harris [197%), who constructed links of

rmlationehipe amonn organized crime fiqures, Twenty-mine
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police 1ntelligence tzams cbserved subjects for three hours
each. A link diagram was constructed which summarized the
cbserved links. From this data, th2 organization’s
structures, and the leading figure were identified. As of
1979, law enforcement intelligence officers from 10 states
and Canada were using link analysis techniques with poasitive
results.

Link analysis is a method used to determine the number
and impartance of links between equipment. After
determining the link values for two pieces of equipment. one
must decide where the equipment will be located in order to

minimize motions.

3.6 PRINCIPLES OF MOTION ECONOMY

The principles of motion economy may be applied to
three major areas: 1) use of the human body, 2) arrangement
of trhe work places, and 3) design of tools and equipment.
According to Rarnes (19681, the principles of mction econcmy
are not appropriate for every aperaticns but thev do form a
basis for i1mproving the efficiency and reducing fatigue in
manual work. Tre principles are shown in Table 3.2. If
mation economy is achieved through a new design, then it is

loaical that energy erpenditure should also be redured.

3.7 EMERGY EXPENDITURE
Barnes (1968] stated that the cbjmctive when employing

eneray expenditure techniques is to design work methods ao
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that the operator can perform tihwe task eight hours per day,
five days per week, without undue fatigue. To measure
energy expenditure, Edholm [1967] recommended making a
moticon-time study in which the activities performed
throughout the dav, and their dureation, were recorded.
Brouha [1960]1 stated that total energy expenditure depended
on two factors: First, the energy required to produce the
physical work, and second. the energy spent to maintain the
body function within a normal physioclegical state. The
first is considered whenever an individual shifts from
resting pasition to any situation where external work is
produced. The second is present at rest as well as at wark.

FPassmore and Durnin [1955] deszr ibed several of the
variables which influence the amcunt of energy expended for
various tasks. Some of the factors include: walking on an
incline, walking surfaces, weight, physical condition, sex,
climate, and size of load being carried.

One way to archieve motion economy, and thus ireduce
energy expenditure is by using design guidelines. [f
anplied, decsign quidelines ensure that controls are easy to
usé and the work environment s comfortable for the human

operator.,

3.8 DESIGN GUIDELINES
Most of the design quidelines pplied in this study
were drawn from tables, charts, or figures found i1n human

factores or equipment desi1gn handbooks. There existe a
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wealth of literature on systems or equipment design. Some
of the more notable literature 1s provided by Margan et. al.
{19633+ Woocdsan and Cornever (19703, Van Cott and Kinkace
{19723, Recebuck et. al. [1975], Sanders and McCormick
[19877, avd tre United States Air Force. The gquidel: . ..s:
provided hy these authors arg others are described in
Chapter 4.

The application of these guidelines will result in a
warkstation that 1s designed with the human cperatar in
mind. It was predicted that by 1mplementing the recommended
procedural and design changes, the analyst would require

less time. motinn, and energy than he presently reqguires, tao

setup ang test 10 the laboratary.
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Chapter 4
METHODOLOGY

4.1 SUBRJIECTS

One USAF government employvee, who comprised the entire
guantitative fit testing populaticon 1n the USAF,., volunteered
to participate as a subject. The subject had three years

experience working in the laboaratory.

4.2 APPARATUS

All observations took place in the guantitative fit
testing labovratory. A hand-held Sony CCD-8 video camera was
veed to vicectape the USAFSAM analyst wnile in the proacess
of testing a subject. The tape was played back via a Sony
8mm video cassette recorder. A Cronus stop-watch was used
for timing purposes. To measure the distances between
pieces of equipment, a Master Mechanic 30 foot tape measure
was used. A mock-up was built fram 1/2 inch plywoad,
masonite, and two inch by four inch boards. The appropriate
laboratary hardware was mounted, and all plumbing
conmections were made. thus providing a functiona! mock-up

cf the new workstation.

4.3 PROCEDIIRE
Too evaluate the effectiveness of the current laboratory
layonts a MT study was conducted. The purpose of the MT

atudy was explained tn the subject pricor to his voluntary
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consent to participate. Before the MT study was run, the
distances between pieces of equipment were measured. The
certer of each pilece of equipment was determined, and
measurements were taken between equipment center points.
The USAFSAM analyst was videotaped as he tested a subject 1n
the fit testing chamber. Tiie vi1dectape was made 1n the
current laboratory setting. From the video, descriptions
were obhtained for each activity being timed. These
activities were entered on an observation sheet (See
fppendix B)y and bhecame the focus of the methods analysis
and motion study. The observation sheet was used to record
activity times during the MT study. Times for the study
were obtained from the videotaspe. Timing procedures
1nvalved runring the videotape and using a stop-watch to
cbtai1n activity times. After each activity was timed. the
time was reccrded 1n the appropriate place on the
chservaticn sheet. The procesa continued until all
activities were timed. WHith thais information, the time
needrd to setup and teat ware computed, and the tutal time
was determ:ned.

Faollowing the time study, a motion study waee conducted.
The maotion study consisted of two parts: 1) a methode
analveslg and 2) a determination of the g -te 1t to which the
Frinciples of Maotion Foconomy w~were smployed 1n the
laboratory. For the msthods analvels. the armtivities

recordmed on the nbservation sheet vere analyrecd.
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itnefficiencies in the process were determined, and a new
work method was developed. The new method is described in
Chapter 4. Seven of the 22 Principles of Motiaon Economy
proposed by Barnes [1963] were appropriate for this study
and were used o evaluate the motion econoemy of the current

design. The seven principles are defined in Table 4.1.

o —————— - - ——— e o e e s e i i o e +
+ 1., Principle four -- Hand and body motions should be +
+ confined to the lowest classification with which it +
+ i3 passible to perform the work satisfactorily. +
D e e e e o e o e e o = e - - - +
+ 2. Principle eight - Werk should be arranged to +
+ permit easy and natural rhythm wherever passible. +
- — - - - e e o e o . e i . e e s e +
+ 3. Principle nine - Eye fixations should be as few +
+ and as close tagether as possible. +
m————— ——— e ot ————————— +
+ 4, Principle eleven - Tocls, materials, and controls +

n
be leccated close to the point of use. +

+ 5. Pripciple sixteen — The height of the work place +
+ and the chair should preferably be arranged so that +
+ alternate sitting and standing at work are easily +

+

+ possible.

s e o o s 0 2 - [ - - o o s o ot s s S o

+ 6. Frinciple seventeen - A chair of the type and +
+ height tr permit qood posture should be provided for +
+ evary worker. +
- rm e —— ————— = e i o B - e o ot e -
+ 7. Pranciple twenty-two - Leverss, crossbars, and +

+ hend wheels should be located 1n such positions that +
+ the cperator can manipulate them with the least +
+ change in bodv pasition and with the greatest +
+ nechanical advantage. ' +
et o o o B s i D e o o B N e ! O S D 0 S T S i e B S s e o o i
Table 4.1 The seven principles used to analyze motion
mconomy in the Duantitative Fit Tegting Laboratory
' (Harnes (19481)

Aftmr completing the inittial MT 4tudy. three new
laberatary designs were developed. Each af the designs was

evaluatesd dbased on the following critarias; time and motion
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efficiency, energy expenditure, adherence to design
guidelines, and link analysis.

From the evaluation of the analyst’s performance in the
original laboratorys, 1t was found that an excessive amcocunt
of time was spent 1n the following areass: walbing between
equipment.s plugging and unplugging equipment from electrical
zsourcess and moving the keyboard and i1ntercam. The time
spent perfoarming these activities was determined, and
performance goals were established using a metihwed proposed
by Ocan (1966]. The equaticn used to compute the
pevformance goals i1s:

1)
{Original time needed to perform the entire activityl -

(2)
{Time needed to move hetween the pieces of squipmentl +

(3
{Time needed to mave from | piece of equipment to the other?
Bacausa the facilitv to which the Quantitative Fit Testing
Labaratary weés to be moved was not yet complete, 1t was
necesgary to simulate some of the characteristics of the
labaratary., Geer [1981] stated that "a functiconal mock-up
mateg 1t possible to study the perfarmance of personnel In
di1mafated cperaticnal sistuations” (p, 168). The ti1mes used
1 variable (3) wer~ deteimined by using & stopwatch to time
similated movements between the appropriate equuipment., The
feagturmes that were simulated were walking time from the

wortrgatation to the gai1nk, the waiking time from the sink to

G




the balance, and the walking time frcm the workstation to
the mask storage cabinet. Tape was placed on the floor at
the appropriate distance from the equipment. As the analyst
proceeded normally from the workstation to the sink, from
the sink to the balance, and Trom the workstation and baoth
to storage, stopwatch times were taken over the distance
from the tape to the equipment piece. The times reccrded
from the simulation, and the times taken from the second MT
study were combined to provide an overall time perspective
for the analyst working in the laboratory mock-up.

The second method used to evaluate the proposed designs
was the extent to which the seven Principles of Motion
Economy listed’in Table 4.1 were achieved. For the first
principle used, there are five classifications, ranging from
finger motions (Class 1) to gross body motion involving
turning, twisting, and reaching (Class V). This last class
necessitates posture disturbance. By applying the
Frinciples of Motion Economy to each of the design
proposals, the amount of mation was reduced to ths lowest
level possible considering the constraints of each
particular design.

Given that the amount of mation required to setup and
test 1n each proposed design was minimized. a methoas
analytis was used to determi ww which of the proposals was

moet efficient, This was accomplished by doing a task-by-

“task comparison for the three designe. Following the
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methods analysis, the amount of energy expended by the
analyst was determined.

From the motion—-time study, the activities performed
throughout the fit testing proacess, and their duration, were
recorded. The results were enpressed as s0 many minutes
sperit walking, sitting, doing laboratory work, typing on the
computer, and so on. Then, by using energy expenditure
charts containing activities which were.similar to those
performed by the analyst, the total energy expend.ture
required to work 1n each propoesed laboratory wes computed.

Kermedy and Bates [1965]) proposed 13 dimensions (See
Figure 4.1) which are important Yor c=nsole design. Van
Cott and Kinkade [1972] state that three other operator-
related dimensional factors which should be considered are:
e, e position with respect to display area or field of view,
reach envelope of arms and legs, and manner and position of
human body sugpport. The dezsign proposals were evaluated
based on whether or nat thoe desi1gn met the dimensions
recommended by Kennedy and Rates (1965) and Van Cott and
kinbade [19721].

anw.analyqxs waa the final area upon which the design
proposals were evaluated., With help from the USAFSAM
analyat, the conporents which were 1ncluded 1y the
vieriatation were determined. According to Woodson (198117,
link analysis 18 uead anly after decisions have been wade

recqarding the i1teme which will he 1ncluded on the control
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panel. One exception in the Quantitative Fit Testing
Laboratory was the fit testing chamber (booth). For this
study.s the booth was included in the link chart although it
was not a part of the controal panel. This was necessary
hbecause the baoth was a vital part of tne fit testing
processs a1y flow lines must be as short as prssible to
reduce calibraticon errors.

The i1ink chart served as one input when decisions were
made regarding equioment placement. Link data indicated how
often components were linked and the impocrtance of the
links. The analyst rated the importance of each link. The
types of links used were communication links (auditary).
contral links, and movement links (eye and body movements).
Link analysis was the final evaluation method uzed to
dretermine the best design proposal.

The best laboratory desiin was determined from the
three propasals, and a moack-up of that design was built.
Using the mock~-up. a second MT study, energy expenditure
analysis, design guideline analvsis, and link analysis were
conducted. A cost and worber ocutput analysis were alsno
conducted, and a questionnaires was administered. The
results obtained using the mock-up were then compared to the
recsulte from evaluationa of the current laboratery, The two
laye 't and wortd methods were evaluated to determine whether

the dmsign developed 1n this project was better than the

layout currently used.




Chapter 5
A DESCRIFTION OF THE THREE FPROPOSED LAYUUTS

5.1 A DESCRIPTION OF DESIGN GNE

In this chapter, three alternative designs are
presented. The first design decscribed is DIi. 1In addition
to the specified system objectives, anocther objective of Di
was to locate the equipment closer to the analyst. Figure
S.1 indicates that with a wrap-arcund conscle the control
panels were easier to reach. In fact, the air flow
instruments were located lmss than three feet from the chair
(7). The entire workstation was located approximately six
to eight feet from the sink (1), and the booth panel (8) and
the mask panel (9) were lacated approximately three feet
from the booth (3)., Anocther feature of D1, was the
closeness of the storage cabinets (11) to the booth (3).,
The panels were on opposite sides of the workstation,
meaning that after calibrati ) the mask instruments, the
analyst had to physically move to the booth panel to
calibrate the booth instruments. In D1, the equipment was
located relatively close to the analyst, with no wires and
pipes protruding into the walkway. Finally, to unclutter
the work area, the computer printer was located on a printer

stand (12).

5.2 A DESCRIPTION OF DESIGN TWwo

The layout for design two (D2) is shown in Figqure 5.2,
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D2 was different from either of the other twoc designs. DI
and D3 had wrap-around conscoles, but D2 had an L-shaped
consale. An additional objective of D2 was to have the
workstation more open. In D2. the workstation was further
away fram the sink (1) arnd ¢ torane cabinets (11) thanm in DI
Adain. protiruding pipes and wiires were not a prablem.  Only
ane contral panel was required. The panel contained
instruments for both the mask and booth, so the analvst did
not have to move 1n the cnhair during calibration. In order
to make rcom for all of the i1nstruments, the DO power
scurces (13) were located on top of the panel. To unclutte-
the work area, the computer printer and data logger were

lecated an a pranter stand (12).

5.3 A DESCRIPTION OF DESIGN THREE

The layout for design three (D3) 1s shown Figure 5.3.
The confrol panels fur D3 are shown 1n Figures 6.2 and 6.3
rn o pages 55 and S6. D3 offered a spatial compramise between
Dt and D2. The a1y flow 1nstruments were closer to the
analyst 1n D3 than 1n ei1ther of the previcus two designs.
Similar to D1 though, the worbstation was located close to
the sink and astorage cabinets. The printer and data logger
were located cutaide of the woarlstaticon 10 an attempt to
unclutter the worlb area, and protruding bxpes antd wires were

not a problem.

%.4 O0OTHER DESIGMN COMSIDERATIOMNS

In mach design. the threms air flow 1nstruments were
49
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lecated together based on the Functional Groupirg Principle
defined by Goldbeck et. al. [19711. This principle states
that contvrols and displave with the same mission should be
grouped together. Goldbeck et. al. [1971] alsa define the
Lecation-by-Frequency Frarmcaipla 10 which the more frsauently
ueen Tontrols and displavs are placed 1n optimum locations
on the panel. Frayr D1 and D3, this principle was follcowed.
Ancther design consideration was labelinng. Labeling is
an effective way to identi1fy controls and displays which
helps to eliminate zonfusion between equipment. For the
proposed designs, the same labeling scheme was used. All
labels were located above each display or contraol. In
Figure 6.3, 1n page 5&%. the calibration line label was
misplaced, but was correctly placed prior to testing.
Ardditicnal labels were placed on wires and a1 floaw Jines an
tte back side of the panel for 1dentification purpocses
duriig mairntenence. Woodgon and Conover [1970]) gstated that
all labiels shculd be consistently placed above or helow the
accompany g displays with above bei1nag the preferved
location. The marncmeter hydrogen pressures, the lines arr
pressure, the DC power source, and the 1ntoeqratar bos
cantain permanent labels an the face of each daimplay.
Lighting wee acrttese der pgn coans pdey ation. Bogoe
[1749] etated that liahtinag 1ntensity 1n different
labaratorima varied ferom 15 ?r-fﬂi fart-candles. and

resparchoers prefer an 1ntensity of 30 frat-candlea,

%1




Hlanchard and Fabrycky [1981] recommended levels soamewhat
higher than that previcusly menticned. For panels, dials.
arid rough 1nspecticn tasks,., the recommended illumination
ievel was Z0 foot-candles, with 30 foct-candles being the
recommended minimum. ARccordanglys a light intensity of S0
frot-candles was recommnended for the new laboratory
fTacility.

Finally. a shelf, which van alang ghe inside of each
wor?station, was orovided, to allow the analyst to rest his
forearm while using the coantrols and typing on the keyboard.
Flectrical acutlets were provided on'the front of each

control panel which enabled the analyst to easily plug and

urplug the gumps when necessary.




Chapter 64

RESULTS

6.1 OVERVIEU

The three proposed desi1gns were evaluated 1n each of
the foallowing areas: rime efficiency, adherence to the
Frinciples of Mction Economy, work methods, energy
expenditure, link analvysis, and applicability of design
guidelines, Of tha three proposals, D3 wes deemed the test.
Figure 6.1 shows the focal point of D3. The computer and
bath gsets of air flow 1nstruments ar2 shown, The mask panel
15 shown in Figqure 6.2, and the baoth panel 18 shown 1n

Figure 6.3.

6.2 TIME COMPARISON FOR THE PROPNSED DESIGHNS

Because each of the proposed designs was not actually
tested, performance goals were computaed and used a4
described in Chapter 4, These performance gQrnals served as
the 2nticipated times for setup and testi1ng 1n each af the
deaiagn proposals. Using the anticipated times, comparieans
were made among designe. For the three propcsals, the
antici1pated time reduciion during setup was 4.10 minutes,
the time reduction duving test i@ was . fl4 miivites. hence,
the tital t.me edicticon was expected ta he &4.94 minutes,
The *ime redurti1oie were poasible Decause, 10 each deaign.
the entire woristation was closer to the sink, the booth was

closer to storage, and the conaoles were moved almasr ta
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Figure 6.1 The Focal Point of the D3 Mock-up Showing
the Computer and Air Flow Instruments




Figure 6.2 The Masi Fanel far the D3 Moch-up




Ficure 6.3 The Booth Panel for the D3 Mocl-up
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within arms reach of the analyst, thus eliminating walking
between the computer and the consoles. With D3, it was
expected that the potential time reductions would be
similar, but greater., than those anticipated 1n D1 and D2.
This was probable because 11 D3, the controls were all
laocated within 21 anches of the analyst. thue reguiring a
short arm movement to reach the desired control. In D1, the
analyst had to extend his arm and lean to the side to make
control inputs. In D2, the analyst had to move the chair

approzimately two feet and extend his arm.

6,3 A COMPARISON OF THRE PRINCIFLES OF MOTION ECOMOMY

The first Principle of Moticon Economy states that
moticns ahould be confined to the lowest classification
prssible. There are five classifications, ranging from
finger motions (Class [) to giross bady moetion involving
turning, twistings and reaching (Class V), In D3, a Class
11l motion was required to menipulate the most freguently
used controle. Metione 1n the other two designs e-ceeded a
Clasag II1 métxon.

The second prainciple states that worlb should be
arranged to permit an easy natural rhythm wherever possible,
D3 alinw@ for an pasy netural rhythm for tuwoe v oascns.,

Firet, the analyat could comfartably rest hia forearma on
the shmlf and wtill]l easily reach the controla. [n the othner
desiqgns, more drastic movements were necessary to reach the

conatrole.,  Se~ond, in D3, all af the controla were located
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wichin a 35 degree arz to either side of the computer {(which
is in the center), so the analyst ccoculd rhythmically move
back and forth from the cooth instruments to the mask
instruments.

The third principle states that eve fixations should be
as few and as close togetner as possible. D3, again, was
tha most e~onomical Jdesign. Morgen et. al. [1963] stated
that the maximum viewing angle witn the 2ye is 35 degrees.
With the frecuently used instruments located within 35
degrees to elther side, ey= fixatjons were relatively close
togeth=r in D3. Controls 1n U1 end D2 were located well
beynnd 35 deéarees.

The fourth principle spplirs the sam» for each of the
designs. Thiw principle statec that tools, materials, and
controls shrld be located clace to the point of use., In
each drsign, the asink and Storaqe‘cabinet were apg-oximately
the same diitance froe the workst;tion, howevnr, tre
Jistinguishing characteristic was the arm reash distance to
the air flou 1nstr mente. In D3, arm remach to the furthest
instrument <44s onlv 21 1nches, while 1n D1 and D2 this
distance was much greater,

Princijrle five qrates that the height of the work place
arnd the chair should oe preferably arvanged so that
alternate si1tting «nd standing at work ere warily poasible.

The heiqght aof the work place was i1dentical for all three

designa, 29 inches., Thie was lower than the 36 inches




recommended by Kennedy and Bates [19&51, for a couple
reascsns: 1) the analyst sits most of the time and 2) line-
of-si1ght over the top of the computer was necessary from the
sitting position.

Principle si1x states that the use of a chair of the
tvpe and height to permit good posture should be provided.

A chalr with casters on the bottem, an adijustable back
supparts and adj ustable height was recommended for all three
designs. The chair 1s shown in Figure 6.4.

The final principle which was addressed states that
levers,; crossbars, and hend wheels should be loccated so that
they can he manipulated with the least change in body
position and with the greatest mechanical advantage. D3
vias clearly the mest motion efficient. fhe largest class of
meet1on coutinely required 1n D3 waes Class [II. The summavy
rarbinns of each design for each of the Principles of Motion
Erancamy are provided 1n Table &6.1. The ranking scale went
from one to three, with a one symbalizing the design which

bgst tulfilled the 1ntent of the pranciple,

H.b4 COMPARISOMN GF THE WORK NMETHODS FCR THE PROPOGED DESIGHS

Ao evaluation of the word methode wae conducted
frollearng the firet MT ctady, Friom the evaluations several
1oeffiriencies wor e founde and A new method waa developed,
Hec attne the same method wan tused 11 each design, the

diffarencms hetueen des 10N was ot great, however,

d1fforencee g4 v1at,




Figqure 6.4 {Mhe Chair Recommended for Use in the
' Quantitative Fit Testing Laboratory
(Sanders and McCormick (19871)




Primcinle D1 D2 D3
————————————————————— A e e e o e e e e e e e e e e
Hand & bocdy motions + Mainly + Movement + Class +
confined to lowest + Class V + in the + II1 +
class necessary to + motions + chair, then + motions +
perform tacsk + + Class II- + +

+ + III moctions + +
+ (2) + (3)» + (1 +
———————————————————————— B e Bt bt T i el
Work ariranaed to + Some + No rhythm + Rhvthm +
allow natural rhythm + rhythm + possible + easy to +
+ possible + + establish +
+ (2) + (3) + (1) +
--------------------- e e e e e e o e e
Eve fiztations are + Yiewing + Movement in + Viewing +
few & close together + angle + chair, then + angle 35 +
(to computer and air + 50-60 + viewing + deqrees +
flow 1nstruments) + deqrees + angle ™45 + +
+ + deqrees + +
+ (3 + (2) + (1) +
——————————————————————— o e — e —————
Tools ¥ controls + Arm reach + Movement i1n + Arm reach +
lacated close to + is 32 + chair, then + 21 1nches +
point of use + inches + arm reach + +
(Air flow + + 13 16 inches+ +
instruments) + 2) + (3 + (1) +
——————— e o e e o b — - ———— ————————— - e e o e e e +
Heinht of wortplace  + +
% chailr arranged to <+ Same for each design +
allow standing & - +
sitting + +
e e e e e i o e et e P e ———— - o e e e o +
Chair permits gond + +
prsture + Sama chair used for ecch desiqgn +
+
---------------------- DI e T T L T e
Controls lrncated sa + Class V + Movement 1n + Class *
that manipulation + motien + chair, + 111 +
can be accomplisned + required + then Class + motions +
with least change 1n + I1I1-111 + +
bedy position + +« motions + *
- ‘) - (3)» L 1) +

e el M e e e M e & e se e eaam s o W E R e e e - — - +

# Only Clasnsg 11111 actione ace necesgary to mantpulate the
contrala, but the hedy motion necessary to move the chair to
the controls malkes the rankino for these principles lower

Table 6.1 Summary table for the Principlea of
Motion Erconamy




A hypathetical functional flow diagram was constructed
for each of the designs and was converted to the tables
shown in Appendices Cy Dy and E, for D1, D2, and D3
respectively. From the tables, a methods analysis was
conducted., Hy projecting the use of the improved methods
into D1, D2, and D3, a comparison was made among designs.
Results of the comparison revealed that D3 was the most
advantageocus desiqgn to use in order to economize motion., A
final evaluation of the motions performed i D3 showed.that
the first eight steps were identical to the first eight
steps used in D1 and Da. Iﬁ Step nine of D3, the analyst
had to turn in the chair, while in the other designs the
analyst had to turn and move 1n the chair. In Step 10, D2

required the least movement because the calibration

instruments were located toegether on the same control panel.

. Steps 12 through 17 were identical for each design. In

Steps 18, 19, 23, and 24, D3 was the most motion efficienty
the analyst merely had to perform a Class III motion to
adjust the 31+ flows. Steps 21, 22, and 25-33 were
1dentical. By 1mplementing the new recommended work
saquence in D3, motion wease minimized. In Table 6.2, each of
the desiqns is ranked based on the amount of motion required
to pearform the step. A one indicated the desiqgn 1n which
the least amount of motion was required to perform the step.
From the table. tt is obvious that the motions required

were qQiiite different among the three deaigns even though the

»
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Steps Required

to Setup & Test D1 D2 p3
————————————————— T i e ettt &
Steps 1-9 + Same for each design +
————— e i e e o e e —
Step 10 + Sliding + No movement + 180 degree +
+ movement 1in + regquired + turn 1n +
+ chair + + chair +
+ (3) + I + (2) +
—————— e e e e e e e e e e
Step 11 + Sliding + Sliding + 90 deqree +
+ movement 1in + movement in + turn in +
+ chair + chair + chaar +
+ (2) + (2) + (1) +
----------- ot e e e e e e - e e e e e e e i e o e e e e
Steps 12-17 + Same for each design +
———————— o e o —————— ——t e —————— o ———————— +
Steps 18-20 + Turn & reach + Sliding + Reach +
, + movement + movement 1n + movement +
+ + chair + +
- 2) - (3) + 1) +
——————————————— i e e e
Steps 21-22 + Same for each design +
——————— o e e e e e e e i e e o i S ot e e e
Steps 23-24 + Turn & reach <+ Sliding + Reach +
+ movement + movement in  + movement +
+ chair + chaar + ) +
+ (3 + (1) + +
e e e e e e — e ———— b ——— - o ————————— +
Steps 2%-33 + Same for each design +
e et e . e —————— e m—— - —— O o o +
Walking + 164 feet + 180 feet + 134 feet +
distance + (2) + (3) + (SN +
- -, — e — - - - o P ———————- P e e >

Table 6.2 Summary table for methods analysas

operaticong performed were essentially the same, By being
the most motion efficient. D3 was baound to reduce energy

conaumpticon,

AH.% A COMPARISON OF ENFRGY EXFENDITHRE FOR Dt D2. AHD D3
tising 1nfarmation talen from Kon: (1979]) and Woodaon
19811, 1t was determined that while® woriing 1 a laboratory

draiqned such as Di. the analyst waould evoend approximate!ly

a3




118.5%2 kcal/hocur. In D2, the analyst wculd expend 119.87
kcal/hour, and while working in D3, the analyst would expend
118.43 kecal/hour. The computed energy expenditures for each
drsign weve then multiplied by eight, to show the total
enerny expenditure for a woerk day in which an average of
e1ght subjects were tested. The results are shown in Table
4$.3. The differences found between the designs was
insignificant, but these results were one more piece of

evidence which showed that D3 was the best design.

Enerqgy Expenditure

Design {(kcal/day)
Design one 948.16
Design two 958.96
Design three 947 .44

—— - —— — - — . — - . —— T " " - - " — .

Table 6.3 Summary table of energy expenditure for an
eight hour work day

5.5 A COMPARISON OF LINK AMALYSIS FOR THE PROPOSED DESIGNS

The link chart 18 shown in Figure 6.5. The numbers in
the Jank chart indicated the number of tinmea the two pleces
of equipment wer linked during setup and testing. In this
proyect, anly the A, Es and I links were addressed. The
iengths of these links were used for evaluation purposes.
The purpose for using link data was to ensurm that equipment
pieres that had tn be lecated cloce together were located aw
clcse together as pnsesible. Closeneas does nat ensure

efficient movement between the squipment, but it 14 One way

trn avaluate the link val.es. A summary of the A, E, and I
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i1k distances 1s shown in Table 6.4. The table clearly

shows that D3 1s the best design based on link distances.

"Ar laink "E" link "1 link
o e o ot et e s o e o e e e e et e e e e +
D1 + 2.5 + S5 + 3.5 +
———— e P m———————— L e +
oz o+ 3.5 + 6.5 + 7.5 +
e —————— e ettt e e +
D3 + 2.5 + 4.0 + 3.0 -
——— e ———————— e e e e e e o e e e +

Table 6.4 Summary of the link lengths (feet) for
each design

6.7 DFSIGHN GUIDELIMES

Fenwredy and Bates (19451 described 13 dimensions (See
Figure 4.1 on page 44) which were important for conscle
degi1gn. The conscle required 1n tHe Quantitative F1it
Testing Labrnratory was & sit-stand console 1n wﬁxch vision
o er ﬁhn top of the computer was necessary. The 13
dinersions were the focus of the design quideline
evaluation. A summary of the dimensions for each design,
ard the rankinas of each design on that dimension ar2 shown
1y Table 5.%5. For mragt of the dimensiens, the threoe
SrOpUSALs were the same., [In the first dimensicon, D2 was
rated the best becauas the conscle hei1ght did not com2 1nto
nlay for this desiagn. The coamputer sat at approxaimately 30
inchea abnve the floor, and the control panel was located
tuc foet fram a walle 56 there was no need Lo see cver the
trp mf the ronsole. For the third dimenginn, Dl was rated
the hest. Diue to ite chape, the front portion of the

viorlbetation arcommodated mare aquaipment than the front part

nf esither D2 or D3, Therefore, the height nf the side
bb




Dimension D1 D2 D3
———— e ——— e ———— e e — e
Ma». conzole + 02" aver side + FPanel located+ 65" over +
Feight from + parnels + against wall + si1de panels+
cstanding + 2) + (1) + (3) +
——————————————— o e e e e b e e e
Croasale depth + Same for each des:ign +
———————————————— o e e e e e e e e e —— g
Jertical pacel o+ 33" + 3 + 36" +
drTEns 1o + Vi + 2 + {(2) +
el e At e i bt b i e e e ety +
Fanel argle + The con=ole panel angle foar each +
from vertical + gesign was 90 degrees +
e e ——————— e - g
Miramam pencil + +
stelf depth + 12 1nches for each design +
e i e e ——mm e -
Minimum + +
wil1ting depth + Sa-e for each design +
——————————————— e st S i o
Hnee Clearance « Same fnr each design +
——— e —— - - et e e b e e +
Fant Ellpp("rf + +
to seat heiaght + Same for each design +
e e e e i = e - ———— -——— e e f e ————— - A - o e o o e
Seat adjust. + Same for each design +
e e e - P S —— o —————— e an - o A vt - e -
Mimimum thigh - +
clearance + Same for each design +
- e e - e B e btk i e it
Urating surface+ +
herght gtandinn+ Geme for each design +
B et e T Tl e R et
weat heraght + Came for each drsion +
P B o T T L R R ¥
ey o crnisale + Hoe " + a8 + 49" +
fanc]l breeadth + (3 + (3 + (1) +

R R i At R e e - —— e e m e e g
Eom position + 105 18 P5 deqg.+ LOS 18 1% dege LOS 18 15+
with re-poct + to the YDT + viewing angle+ deqg.. view.+
tre faeld of v rewlng anglee ¢t the alr * angle tn +
/e + taoaar ¢ oW + flow displayses arr flow +

¢ torplays 17 ¢ a5 <5 + Ar1epnlays 1o+

+ YA dog ees ¢ Ao ees U8 deg .

¢ o4 . () + [ I '3
- U . T T S Ty A i R e - S e E 3
Heach snvelope + A-apn + 16" + 18.9-21" ¢
ot arian . O + (I +* (1 *
D T T T I o T T T T e e L L
Bodv support * .
pomy binn + Tame for each desion +
e e e e e immma e -

Table 4.7 wwmapar v table for the destdgn quitde] inma
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parnels was reduced because not as much equipment was placed
to the side. For the maximum console panel breadths, D3 was
rated the best with a breadth of 48 inches. D3 was also
rated the best for the eye position with respect to the
field of visions and the arm reach énvelope. The most
freguently uzed controls were located within a 35 degvee arc
and A1 inches of the computer. For D2, the reach distance
was cnly 10 inches, however, the analyst had tc move in his
chair to get that cleose. Based on the design guideline
evaluation, D3 was determined to be the best. The
dimensions of D3 were then compared to the dimensions
recommendad by Kernedy and Bates [1965]). D3 d'’d not meet
the follawing recommended quidelines: A, C, Fy and M {(See
Fiqure 4.1 on page 44). For Guideline A, the side panels in
D3 were 65 inches high, which exceeded the maimum
recommended height of 58 inches. The added conscle height
was necessary for two reasons. First, by locating some of
the 1nstruments lower on the panel, e:cessive plumbing caats
vwoild have resulted. All of the instruments shown on the
conacle ware connected to each cother. to the booth, or to
the mask. They were connected by copper tubing or rubber
arr flewa ho=e . 17 the cunscle height was reduced. then tno
comperwate, the panel wonld have to be eitended
harizontally. thus requiring excess plumbing., The second
reasan for the e:cees console height was to avoid locating

squipment 1n the areas labrled "lmagt desirable” in Fiqurae

(2131




6.6. In D3, the computer., keyboard, and intercom were
lecated in the reqion labeled "optimum”, and the remaining
equlipment were located ;n the aress laueled "eccceptable".
Therefare, a trade-off was made while designing D3, ard the
comacle helght was &5 1nches,. Due to the two resasons statea
abave, Guidelines € and M were also not followed.

The recommenged minitmum writing surface depth,
including the pencil]l shelf (Guideline F), 15 16 1nches.
Althouagh same wrlting was necessary 1n the workstation. the
mast important function was performed with the kevboard
which required about 10O inches. The writing pevformed by
the arnalyst was done 1n a s1:: i1nch by nine 1nch stena-pad as
readinas were tarven from the 1ntegrator bex. When using the
2tenc-pad, a 12 1nch pencil shelf was adeguate.

It 15 1mpactant to nore that none of the len clearance
dimensions were app.icable hecause the workstation had leqs
1instead of a soli1d base, which might hinder leg movement,
Alan, the chairs which was recomnerded, met all of the
Andelines degcrihed.  Other ampartant dimensions found an
N1 irctudeds the writing surface haight (Giadeline F) which
wag 29 1nchesg. aart the viowing annle to the romputnr scrmen
it 1 b aaw 1% deqrees helow voraal Jare of-siqht with a
siewiiiv) it ance of S Lovow hes, arete 4w At Mo oo o mae b 1977
gtated that A viewirg distance of §1%-1) 1ncheg for VDT

wortatationag 1a accontabie,

The desi1qn quidelires wers an important part of the
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Figure 6.6 Areas Recommended to Locate Controls
in a Wrap-Around Console
(Ely et. al. [19%561)




design praoposal evaluations. A summary of all si

evaluations 1s provided in Table &.6.

1= Hest 2 = Secoard becst 3 = Worst
Desi1an Design Design
1 2 3
e s e e e i — ——— e - - e +
Link Analysis + 2 + 3 + 1 +
———————————————————————— P ———————
Time Efficiency + 2 + 3 + 1 +
e o e e o ——————— P ——————— P +
Methods Analysis + 2 + 3 + 1 +
————————————————— e e e+ o e e e
Moticon Econ. Principles + 2 + 3 + 1 “
————————————————————————— i et St TP SNPE P 5
Energy Evpenditure + 2 + 3 + 1 +
~~~~~~~~~~~~~~ i ket it i o
Design Guidelines + 2 + 3 + 1 +
;.. b L ettt +

Table 6.6 Desigr ract i1nas 1n each of the
evaluation cateaccies

Tahle 4.6 cimarly 1rndicates that D3 15 the best alternative.
Glhivah for several of the cati1nqg cateqories the
differencrs between D3 and D1 were minimal, 1t was the
msarall supeviority of DI that made 1t the best design.

Having established that D3 waa the best proposal, a
mack-un of D3 wae rongtructed for *wo reascnst 1) to test

the feasibirlity of DI an the laboratory setting and 23 to

crmpare D3 to the corrent laboaratory., A secand MT atudy was
vred Yo determine 0 f the lavout and wordk metheda proposed 1n
thas p o me bt wec e superyor Yo the laveut and weor b mathoode

currently used 1n the Juantitative Fit Teating Laboratory,

4.3 COMPARISON OF DFGIGH THREE atD 1vE CURRFNT LARORATORY

e timee chtajnerdd 1 tte M1 stitiea for the curvrent
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design and design three are shown in Appendix F. Alsc
provided are the setup,s testing, and toatal times for each.
By usirng the suggested work method with the mock-up, the
analyst was able to ruguce the labeoratory setup time from
4%.27 minutes to 44,20 minutes. The testing time was
reduced from 9.74 misuvtes to B.ST minutes. The total time
reduction was 5.94 ainutes. This ies a 10.1 per cent
seduction in time.

Some significant time differences betuzen the two
designe were found in several steps. Rased on a zhange in
werk methoeds, the snalyst was able to reduvce the time needed
toe perform Ster four by .33 winutes., The time nceded to
pertorm Sfep 1C 1n the current laboratory was .24 minutes
chovter thar the time required in D3. This was due to the
added walklg distance from the workstation to the back of
the booth in D3. In order te locate the workstation closer
to thie s1nk in D3, the walking distance to the bhack of the
toath had to be lenqgthened., However, the walking distance
to the aink was reduced. The sink was used more frequently,
t.erefrre, it was given higher priority., In Step 11, the
ro.w wae reduced almost ore minute in D3 because the
b ntation and the halance were lacated closer to the wink,
In Stepn {Pe the time wae veduced over twoe minates v D3
hec anse moat af the walking during calibration was reduced.
[n Step 22 for D3, the intercom was permenently plugged in,

and the analys?l was already sttting in the chairs <o the

eowcution time wes reducsd to only (001 minutes, o Sten
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3P, time was saved because the analyst was no longer
required to walk arnund to the back of the conscle to unplug
the pgump. A electrical ocntlet was provided in the front of
the workstation. The amcunt of time saved was better than
avticanpated,

Covncerning the Frinciples of Moation Economvye D3 was the
hetter design.,. In the current laboratory, the analyst
performs many Class V mctinng, but 1n the D3 most of the
motions are Class 11 motions. Alsos 1n D3, the analyast can
easi1ly establish a rhyths while working, but becaucse the
equipmerit 1s sa spread cut 10 the current laboratory, a
chythm 13 di1fficult to Jenerate., Eye fixations are within a
35 deqgrem arc of the computer 1n D3, but they are numercus
and spread out 1n the current labeorvatory. Fossidbly the best
feature of D3 18 the provimity of the equipmentd frequently
used 1natruments are within arms reach. and 1n the current
labaratory, this same equipment 13 located several feet
AlAY o Alternate sa1tting and standing 12 possible \n bath
laharatoriea, but the equipuent height makes si1tting and
3tandrnn more advantagecoae 1n D3, The same chatlr was used
fer hoth decigrns. however, the chair recommended 1n D3 will
prormrt hettere poatiy e, Finally/e D1 requir e fower chanigee
s hody posrtian shale worbane than 1a required n the
current laboratevy,

Froam the perthods 2naly3i1%e the walbina distance

vegprired to af o and teat 17 D] was reduced by 73 per cent,




The rreduction was accomplished by combining pracedures which
eliminated redundancies in the process.

Because the proposed work method was more efficient,
energy evpenditure was reduced over 100 kcal/days from
154%.28 tcal/day 1n the current laboratary to 947.44
becal/sday in D3,

Equipment in the current labaratory is not located on
a consoles wherefore, a design quideline comparison with D3
ie not possible. The wrap—-around consocle described in
Chapter 3 was used to design D3, and the appropraiate
equipment was located on the control panels. Without a
direct commarison between the two designa, it is still
1mportant to note that the equipment could be more
onvemently lacated as shown in D3,

I the current layout the control panels were located
on appasite si1des of the laboratory, and in D3 the control
parnals were located on the console. The link valueg for D3
were miich shorter than the link values for the current
laboratary, Table 6.8 provides a summary comparison of the

A Ey and I links for the two designs.

At 1Taink "EY link "1 lank
Y SO P o A N Y L T X T PR Y el TR PP -+
ars ent Deasign ) + 8.9 * 8.5 *
N S L T R g R L Ly Y
Deainny Three . 2.% + 4,0 * 3.0 +

- L A A e P G W A e AR At D S e e e e

Tablm 4.7 Suasasry of the lLink lengthe (fest) faor
the current lahoratory and laboratory design three




6.9 COST SAVINGS AND mMWKER OUTPUT

By applving current wage 1nformation and the results
abtalined from the second MT study. the cost savings that
wauld result by implementina [3 can be calculated.

Setup accurred cnce each days SO 4.77 minutes weres
saved. Typically, e1ght sub)ects were tested each dav.
Each sibject was tested while wearing three masks., The
anount of time saved testing each mask was 1.17 minutes.
Therefoare.,

(1.7 minutes saved/test)(3 tests/snb ect)(8 sub ects/day) =
1 minutes saved/day .testing
Hy adding the setiip time savingss the total time savinags per
day wasgs

3.l minutes ¢+ 4.77 minutes = 32,9 minutes saved/day
HSAFSAM tests subjects 10 the Ouantitative Fit Teating
laboratory 90 days per vyear. Thus, the time wavings pur
YA wAaB e

(32.7 minutes saved/day) (90 days/year) =
C2?HL wanuites saved/ygear
The number of houre 1n 2.741 n1nntes was equal teg
Q9761 mioutes/Ho mainutes = 47,4 houcs

O carding e the V0 6M anal yat ko condurte the
quant  tatyym it tectas, he maled appro camately %N anshonr,

whileh mmarss that by 1mplementing DY, the USAF wouid cavel

(97,4 Roure) (87 /honr) = 81,27%/ yoag

Feir the firat year, the qavings will be [oss than 81.21%,.90




because of constiuction costs. Matevials ﬁeeded to
construct the mock-up cost $80.00. The warker who built the
mock—up made $45.00 per hour, and the construction time was
Z& hours. By adding in a $10.00 cost for other construction

matevrialss the (otal cost to construct the mock-up was:

i oo o

Azzuming a three per cent per year pay raise for government
emplayees, over the next five years the USAFSAM analyst

woauld mare the followinags

Year {1 = $2%5.00/hour
Year 2 = $25.7%/hour
Year 3 = $24.%3/hour
Year 4 = $27.33/hcur
Yaar 5 = $28.1%/hour

Given tha projected pay for the analyst over the next five
ymaras, the coat savingsy not including maintenance costs,
was Ccomputed., Assuming that all other factors remain
cenatant, the five ysar cost savings réali:ed bv

1mpiementing D3 would be the sum of the numbers shown below,

which is $6,313.00,

Year | osavainags e« $9R9 0N

Trar 2 savinnge = 47,4 houre X $2% .V /hoeur = $1,872 .00
Year 3 savinns = 49,4 houre X 626.%53/hour = 31,311,000
Yosr 4 savinge = 47,4 houre X 927 .53/hour = $],3%0,00
Year 5 savings ® 9.4 hours X $€8.185/hoaur = €1,391,00

Finally, san exsmination of worker cutput provided

T&




interesting results. In the current work day, the analyst
sets up the laboratory and tests eight subjects i1n 4.7%
haours. By i1mplementing the rew work method and laboratoey
design. the analvst could test nine subj;ects per g«. ang

W

=t1ll nave over seven Tinates left. Thirough arn entire e
(90 testing days)s his means that llo more sub;ects could
be tested, or t! 2 number of days reeded to test 720 (90 dayws

X 8 subjects) subjacts would be reduced ta 80.

5.10 HSER ACCEPTANCE

Tha regsults of the questionnalre (See Appenrdix (3)
conclusively 1ndicated that the USAFSAM arnalyst preferred
vk 1na an the progrsed laborateoryy vather than the cuvrent
laboratarcy. In mire cut of 10 questicons, the analyst
1dicatazd that D3 was the preferred desingn., The ma1n poants
that came from the questiconaire vwere that the new Uesian
was more compéct, so fatigue and stress wers reduced,
mosements (o and from equipment were easier and faster,
dJisplave were ocasipr to read 80 errores were reduced. and
~afoty was echanced due to the elimiration of trip hacarda,
The only area in which [ wes nat proferred was systom
AT Ntenanec s, FHovever, *te analyest di1d kay that,y, 1n the rew
g 1n, the nesd For martate o o @ WA preddor et D e o

arcidentes were 1nfrequent,

&,1 0 OROB EMI DISCOVERED WHEM USTNHG THE MOCY -UP

Throuagh the use ~f the fouoc*i1omnal aock-up, ae.e- a4l




problems were detected. The first problem dealt with the
keyboard placement. The workstation was shaped similar to
the consocle shown in Figure 6.7. Van Cott and Kinkade
{19721 suqgested that a 110 deqaree angle be used with a
wran-arcund conscle. In D3, this was the angle used,
however, wher the console was assembleds and the keyboard
was prt 1n place, access to the air flow controls was
cbatructed. To corvect the piroblem, a board was inserted
tetween the base of the booth panel and the counter top upon
which the computer was located. This board net only
enlarged the angle discussed, but also it made access to the
31r flow controls simple., The larger angle waes acceptable
cecause 1t resulted 10 a more open work station,

The seéond problem was unevpected, The 12 1nch counter
tem which ran along the 1nsi1de of the workstat:on was not
wide encunh, thus the analyst could not convemently place
the calibration Tlasks on the counter top. To solve this
problems the permanent woackatation should have a counter top
that 18, at least, 146 1nches wide.

Niie goal of this project was to remove the VDT from
vtrp the dick drive. Thia meant that tre disk drivm had tﬁ
b loucated elemubier o, Cotimnal locations pncludeds wrcder
the ctunter top, on trn of erther parel . of on a =tand
similar te the one unon which the printer site, [he dy=)
tdrive was oriqinally 1ntended to be placed on & shelf under

the counter top, Rouaver y thiid proved impractical Becaane
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Figure 6.7 Recoamsnded Angle for a Wrap-around
(Van Cott and Kinkade (19721)

Conscle
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while sitting, the analyst could accidentally bump the disk
drive. UWhen the cother two methods were tried, the
electrical cord from the disk drive would not reach the VDT.
Given no other realistic alternatives, the disk drive was put
under the VDT. By doing this, the VDT could be plugged into
the disk drive, and the horizental line-of-sight to the
booth was still maintained. This concludes the results
section. In the next chapter, a brief summary of this study

and recommendaticons are provided.




CHRAPTER 7
SUMMARY AMD RECOMMENDATIOMS

7.1 SUMMARY

As ore examines the Ouantitative Fit Testing Laboratory
it becomes obvious that the fit testing chamber was
installed first, and other necessary equipment was added
after. Because the mission of the Quantitative Fit Testing
Labovatory 13 so important, new equipment is frequently
added to the system to ensure that everything is state of
the art. A problem arises when the new equipment is
installed wherever there is rocom or wherever is convenient,
Little thought is given to future maintenance
considerations, ease of use, or safety prablema. Thus, the
computer equipment sits on a laboratory carts copper pipes
protrude into walkways, electrical wires and air haoses hang
at waist level 1n walkways, and the balance ias located four
laboratories away.

The MT study brought to light some ivherent problems
that eristed in the Quantitative Fi1t Testing Laboratary agd
in the testinn procedures themselves. Through better desian
and laboratory layout, these probiems were reduced, and in

most cazes, eliminated.

7.2 RECOMMEMNDATIONS
Due to the nature of this study, some design

recommendations are provided firat, followed by the

a1
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recommended areas for future study. Generally, USAFSAM }
should implement the procedural changes and the new layout
recommended in this study. The result will be easier job
performance for the analyst, and a five year cost savings of
aver $&6&,000,00 for the USAF. 1Tn additién, the USAFSAM
should purchase a new chair to be used in the laboratory.
Althongh the fit testing process lends itself to a sit-stand
situation, the analyst does spend most of hig day sitting at

the workstation. The chair, with the recommended features,

was described in Chapter 6.

Ancther design recommendaticon is to widen the 12 inch
shelf which ran through the inside of the workstation.
Roebuck et. al. [1979] and Van Cott and Kinkade (1972)] ’
recommended that the shelf be 146 inches. This extra four
inches would be sufficient space 1n which to conveniently
work while calibrating the instruments.

The methods analysis conducted in this study brought to
light socme procedural problems, these problems were
corrected, and a new process was developed. The analyst was
briefed on the procedures and used them for the second MT
study. Continued use of this new methad is recommended.

Future studies concerning the laboratery design. should
examine the passibility of automating the entire testing i
process. Mixing sclutions and making pipe connections could
probably be done by robots, but that would be unnecessary.

Himans are more capable of performing such activities,

aa




however, instructing the subject to perform the next
evercise, and monitoring air Tlows could be accomplished
through automation.

Ancther area of study 1nvolves the system piumbhing.
With the w&:ception of *he computer equipment, data locgger.
and intearator boxes, the entire system is connected with
zopper pipes or rubber air hoses. This results in a maze of
pi1pes and wires whaich 13 unpleasant to the eye, a
maintenance nightmare, and results 1n the use of excess
pipe.

Future study should also include an mvaluation of the
workstation i1nstruments, Although the fit testing process
1tself 13 current, better ways to display information may be
pessible. particularly for the manometer hydrogen pressure
gaucge and the line air pressure gauge. Also, digital air
“lave instrumerts would reduce the asount of control panel
space required. Updating egquipment does nct gquarantee
qreater efficiency, but the possibility for 1mproved
efficiency should be examined.

In the future, more emphasis wi1ll be placed on cutting
coate and increasing productivity, To meet both of these
chyrctives, better human and machine efficirency will be
NeCesSYary., Through an extensive analysts of the current
quantitative f1t testing process and dovelopment of a
functional mock-up, a more efficient wark method and

laboratory desiaqgn were developed and tested. The projected
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improvement in worker output and cost savings were

determined, and user acceptance was improved.
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AFPENDIX A

Functional Flaw Diagram of the
Currenrnt Setup and Testing Frocess

fFeet Traveled Activity
(i) Turn on Hydrogen
11 C::> Walk to mask console

“ight Hydrcgen and inspect

0
-y

Walk to booth conscie

y

Light Hydrogen and inspect

)
-y

-

Turn on buuth power/inapect aiv flow

Walk to mask conscle

ol

Turn on anask power/inspect air flow
Hook up pump

146 Waik to computer

S1gn an to computer
Await computer prompt
Ph Halk to caink

Prepare caiibration samples

bé& Carry 1/2 of calibration samples to

mash conrsnle. return, Carry othey
172
e Walk to sink

Pregere aeroscl generator

000 § @Jo Je

Carry aerosol generator to booth

Hook up aercso! generator/inspect

TEr

Turr on sir flow/inspact
0

' -
(=)




runcticnal Flow Diagram of the
Current Setup and Testing Process

Fret Traveled fctivity

Walk to mash conscole

Zero out 1nstruments.s/inspect

[rtearator bos delay

oI

Jero ocut booth instruments/inspect

[
®,

Intenrator box delay

Walk to computer

Call up camputer program

Coamputer delay

Carry calibration samplea to sinbk
Rirse calibration samples

29 Walk to stovage closet
Pemove mask from clrnset

Give maak to subject &L brief

Delay while subject dons/adjusts
mask

~1 Enter booth with sub ect
Comect 21 tube to mash

3 E1t booth

Checlk air flow

Pk Wallk trn pump
Frepar®» pamp foo ofpevcaticn

H“alk to mask console

0000000 o0l o®ljo

Inapect/adjuet air flow

'g
e’

11 Wallk ¢to bonth corsole

0

Inenpect/a juet arr flow
91
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Feet Traveled

Functional Flow Diagram of the
Setup and Testing Process

11

17

17

Oo®®]

0@

L7 N\
()

HEIO0lv6lw]OlwlO wl6lwXl

Activity

Walk to computer

Plug in/test intercom

Input subject/mask
Computer delay

Instruct subject:

data

heavy breathing

Walk to booth conscole

Inspect/adjust air

flow

Walk to mask console

Ingspect/adjust air
Walk to computer
Delay (air samples
Instruct subject:
Delay (air samples
Instruct subject:
Delay (air samples
Instruct subject:
Delay (air samples
Instruct subject:
Delay (air samples

Leg of f computer

flow

being drawn)
side-to-side
being drawn)
up-~and-down
being drawn)
read paragraph
being drawn)
Make faces

being drawn)

Instruct subject to exit booth

Walk to pump
Unhook pump
Carry pump to sink

sa




Functicnal Flow Diagram of the
Setup and Testing Process

Feet Traveled Activity

<:) Flush and dry pump tuoces

17 C> Carry pump to mask conscle
5 > wWalk to the subject
35 Recei1ve mask from subj ect

11 Walk to storage

=
Exchange masks

o e e e e e e e S o —— +
+ Mumber of Delays...cceceevecrncecoonns [) + 11+
............................................. ~ o o e
+ Numbher of INspectionNS....coccecccecns + 12 +
———————————————————————————————————————— —m——————
+ MHumber of transportations...c.ccecesesse C::> + 26 +
................................................ b ———
+ Total number of feet traveled + 486 +
e - —— - o e i i A - o o S o - o +
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APPENDIX B

OBSERVATION SHEET

: Cbservation Time (minutes)
Setup Activities Present Design Design Three

Turn on hydrogen

Walk to mask console & light
the hydrogen

Wzlk to booth console & light
the hydrogen

Turn on & check air flows, turn
on exhaust fan & system power

- o - —— — - -

Sign on t> computer

Prepare calibration samples.
Walk to maask console & put
calibration samples in place

Prepare aerosol generator
Hook up asrosol generator
& turn on air flow

-t o s > - " v - e - - - — - -

Make up new saline sclution

—— i e o0 - - - -

Zero ot mask instruments

- - — ———— - - - - - - U A - g st D A S S GULS O S TR S S

Zero out booth instrumente
Call 1ip computer program to
satup reqression curves for
concentrations and voltages

- - - - - - -

Rinse calibration sample flasks

- @ - - - o - - —
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APPENDIX C

Motions Required to Setup and Test in Laboratory DI

Step Improved Method for Laboratory Design One

s ————— - ——— " —_— — —— — — > —— — A~ —— - " —— ——— Y o o — " o S e o o — A S Y S e oo o bon i

- o —— Y — A~ — e . - — —— "~ — Y — s S i o — o — Yo" s ot A oy i D A A o S

2. Walk to workstation, light Hydrogen, tu-n on DC power,
check air flowa & bhook up pump (mask)
3. Walk to workstation, light Hydrogen, turn on DC power,
check air flows & hook up pump (booth)

1 - 2 — ——— o " " - - " A T — . — T — o s S . S U Y A D St VY TS D i e il S D A AU Wl B0 P T D S M S

- - - — - — " o ——— S — > - - " " T — — " > _ VR - 5 - o AN o i 0. " o - T

5. Walk, turn on exhaust fan & system power, check air
flows

4. HWalk to sink & prepare calibration samples, load samples
into carrier & prepare aerosol generator

7. UWalk to bocth, hock up aerosocl generator & check air
flow

a0 " o T - - —— — W A A L A W M A P D e S U D S U S U D I D T Y S T A D YD D S, N U =

- S o - o T M — - . - - — - A " U Sl A T B D D O " L D SR W o U T VO D N S o W

9. HWalk to chair, turn to atomizer holder, unhook pump, zero
out Instruments & load samples into carrier

10, Carrving the calibration samples, slide to booth panel,
unhook pump & zers out itnstruments

e " - — - ———— A . . — . " — AT " o A — " Y S YA G e W . - G S - - v

— L —— .  —— —— — " . o W . - S O T A Y L A G D e S VR U W U . W TS S A TR Gl W s st

12. Walk to sink &% rinse calibration sample flasks

13. Brief sub,ect on teet procedures, walk to storage,
remove mash L give mask to subject

- e e A S S S S A W A R A M S A A e S G N A SES N D W . I Gy TS Y S T S s . U S G S e G s e

1. Enter booth & connect sample drying air tube to mask

e W M e e e A A e S e R e . R L A S e e S b e S G e S A NG D e ) 4 ¢ W M A S S S T G - S o i S
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Motions Required to Setup and Test in Laborateory Di

Step Improved Method for Laboratory Design One

- ————— s e - — —— " ——— » - - - - s

17. Walk to workstation, sit & prepare pumo for coperation

- s s -+ - ———~ o o S T S~ A T~ . S o o ‘S W T o S — " S S S P} R Ul S D T Ak LS AaS? St S WAt . S T TS AR SO s i s

18. Turn to adjust sample air flows for the mask

. s i i S s e e o o - o e e . s s o ———— -— e ——— "

19. Turn to booth panel & adjust sample air flow

20. Turn & instruct =subject to breath normally

21. Input subject & mask data & instructions to data locgger
€P. Await computer prompt/instruct subject to begin heavy
breathing

23. Turn & check air flows to mask

24, Turn & check air flows to booth & turn back to the
computer

25. Await computer prompt/inatruct subject to move head
from side-tc-side

R6. Await computer proempt/instruct subject to move head up
and down

— -— o o - - -

27. Await computer prompt/instruct subject to read
paragraph

28. Await computer prompt/instruct subject to make faces

29. Await computer prompt/instruct subject to unhook the
sample air line & exit, log-off the computer

e e o B W U S . aap - U T S - o+ - -~ - - - -

30. Stand., unhook mask pumps and carry pump to the sink

3P. Return pump to workstafxon

N L e s GRS e G - —— W . D - S D T g - s A D e e b Rk e P St WD o Sl W . D e W S e e o e

33. Walk to storage & exchange masks with subject

D e 2 W s e e A e S G, S W S (RS ML e o ) G05 T s S G B+ O P S G0+ SR U s S G Gt i S S N S S R S U - S SN R A LN e T .
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APPENDIX D

Motions Required to Setup and Test in Laboratory D2

Step Improved Method for Laboratory Design Two

2. Walk to warkstation, light Hydrogen, turn on DC power,
chack alr flows & hook up pump (mask)

3. Halk toc workstation, ii1ght Hydrogen, turn on DC power,
check air flows & hoak up pump (booth)

> e —— - — " —— ——— - . o — ] —— - —— - - — i — " —— " -~

5. Walk, turn on exhaust fan. system power & check air
flows

6. HWalk to sink L prepare calibration samples, load samples
1nto carrier ¢ prepare aerosol generator

. e — - — - ——— — — —— - - - ——— — — - —— - ] —_ - " s - —— ——

8. Walk to e€ink 2 make new salire solution

- A " e " —— - — - - - - - —— o "~ " Y 4 VAR A NS o — L BB i P o n . =

9. Walk to chair. slide to atomizer holder, unhook pump &%
zhpro out mask iInstruments

- - -~ - 0o, ——_ . . - — A . o . . - - ——— o -~

11. Slide to the computer & call up reqression program

- —— . e o " .. T e G W A R e WA R W e ama e == e e e e

13. Brief sib ect on test proceducres, wall to storaqge,
remove mask % gilve mask to subect

PR W e m e e a e e o ee e e R R e o w4 L R R e e W o T e S R Y S L W e R e e e e e A e

14, Subject adjusts & dons mask

IS. Entar booth & conmect sample drying air tube to mask
16. Exit bonth L edjust sample air benind beoth o
17. Walk to worlstation, sit & prepare pump far cperation
L T T I I



Motions Required to Setup and Test in Laboratory D2

Step Improved Method for Laboratory D-sxgn Tuo

- ——— —————— " —— —— o — - —— ey v —

18. In chair, slide to adjust sample air flow for the booth

s ¢ " 2+ 21— o T~ " 4 S S — " T -~ " - {— - T " " — T~ > P S = Soeal e M T T oy AR A i e T o it S A e . W o S W ot

19. Slide toc the mask instruments and adjust sample air

e i e e i A — o o, S P o . e e Y e T A S T T A Ty M A SO S el e AR A e o o i S S S g L i " S o S . D T a7

- — - - - o - o T 20 T e " S Vi " T S

21. Input subject & mask data & instructions tc data icgger

- - > - -~ S o T e " A " T S S i A o U D U S, T o Sk e s A B U S e S D S O S W -

22. Await computer prompt/instruct subject to begin heavy
bLreathing

——— s v oy - - - o

23, Slide in the chair to check the air flows to the mask
24. Slide i1n the chair to crteck air flows to the booth &
slide back to the computer

25. Awalt computer prompt/ingtruct subject to move head
from side~to-side

26. Await computer prompt/instruct subject to move head up
and down

27. Await computer prompt/instruct subject to read
paraqraph

—— " - ——— . o — A S " G e v e . o S - A S o A A D S S b ol S S O e S ol U s

28. Await computer prompt/instruct subject to make faces

- — o - - - - s TS L oy P B D AL B A s . s D VY AT e D A . oy W VT s s

29. Await computer prompt/instruct subject to unhook the
samp‘a air line & exit the booth, log-off the computer

3, Stand, unhook mask pump & carry pump to the sink
31. Flueh & dxy air tubas foar the pump
3~. R»furn pump to the warkatation

33. Walk to starage & exchange masls with subject

-— e e S e M e e A e e e A M A s e A S R W MR S M e e e . R e M e WA e Ba

BT fe il g




APPENDIX E

Motions Required to Setup and Test in Laboratory D3

Step Improved Method for Laboratory Design Three

2. MWalk to workstation, Light Hydrogen, turn on DC power,
check air flows % hook up pump (mask)

3. Walk to workstation, light Hydrogen, turn on DC power,
check air flows & hook up pump (bocoth)

5. Wall to & turn an exhaust fan & system power & check air
flows

- —— e - = ——— - ———— . — - — " — — - " - - " T " i " m_ —— —— -

b. Walk to sink, prepare calibraticon samples, load samples
into carrier & prepare aercscl generator

e e i e e i e — - - - -~ — = o - - " - " - A . - - . S W W —

7. Walk to booth, hook up aerosol generator & check air

8. UWalk to s1nk & malke new saline solution

9. Walk to chair, turn to atomizer holder, unhoaok pump,
zero out mash 1nstruments and load samples into carrier

10, Turn chair to booth panel & cero out booth instruments

- o " ——— - |- - A = S S A G S R W S M e e et M L o o S . A G L - YIS S - A —

1t. Turn to the computer & call up reqression program

12. UWalk to sirk ? rinse calibration sample flasks

13, Brief «ub,ect on test procedures, walk to starage,
remove maab L qive masbk to sub et

o ee a s e e e S s e m e e e e e e e e Ge e ek e e b oS MR e M e e e s B e T R e e e e e et he A e e ce @R mes e

14. Subject adjusts &% dans mask

1%. Enter hooth L connect sample drying air tube to mask

W A S S A A - D o B AR D " - LS et S D D AP D S D M A G G S G G YR D WO A Y T

16. Ex1t booth & adjyuet sample air behind booth

17. Walk to worlkstatinn, sit &L prepare pump for ocperation




Motions Recuired to Setup and Test in Laboratory D3

Step Improved Method for Laboratory Design Thron

o . S i - S st s Sk e A o o — e i e — - —

. o i s o . i " i Sk 7 S A > o B i Al A YO s T St S N e b A T S A U o Sl SIS P ek AR D Sl o D A . S T Y T

20. Instruct the subject to breath rormally

s o e o i e s . —— — o o —

21. Input subject & mask data & ingstructions to data lagger

RP2. Await computer prompt/instruct subject to begin heavy
breathing

——— g o o —

s = T Nt T " ol <. S D A S O D Sl el U P S B e e T S0t b e S

A3. Check the air flows tc the mask

i - — - - —

o . s o o S s v A N A - Y > T U W o D A

24. Check air flows to the boaoth

—— o o o —— W . —— — A - T — —— . — — o . - . - T o v - W T - -

2S. Awailt computer prompt/instruct subject to move head
from side-to-side

Pé. Await computer prompt/instruct subject to move
head up L down

27. Await computer prampt/instruct subject to read
paraqraph

28. Awaart ccmputor proapt/instruct subject to make faces
29. Auait computer prompt/instruct subject to unhook the
sample air tube & exit the booth, lag-off the computer

30, Turn to unhoolk mask pump & carry pump to the sink

31. Flnsh & dry air tubesa for the pump

W e e o emn e e S e A S W MDY R A e A e G e G A A A R A e A A Al ML S A AV T L R D R G e -

37. Return pump to workatation
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APPENDIX F

OBSERVATION SHEET

Observation

Time (minutes)
Setup Activities Current Design Design Three
Turn on Hydrogen .06 .06
Walk to mask corsole & light
the Hydrogen .46 .48
Walk to booth conscle & light
the Hydrogen .18 .24
Turn on & check air flows, turn
on exhaoust fan and system power .83 .50
Hook up pump 1.00 »
Walk toc and sign on to computer .33 .19
Walk to sink and prepare
calibration samples S.04% 6.22
Walk to mask console and put
calibration samples 1n place .48 »
HW3lk to sink and prepare aeroscl
nenerator 2.322 1.467
Walk to baoth, hook up aerosol
qenerator and turn on air flow .37 .63
Wallk to s1ink and make up new
saline saluticon 20,11 17.39
balk to mask conscle and rero
st anstruments 13.19 10.60
valb to computer L ocall up program
to setup reqressicn curves for
concentrations and voltages 1.12 1.9%

Walt to si1nk and rinse calibration
sample flasks 3.%8 .40
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OBSERVATION SHEET

Obsarvation
Time (minutes)
Testing Activities Current Design Design Three
Brief subject on test procedures,
walk to storasge closet, remove .21 .20
mask and give mask to subject
aub)ect adjusts and dons mask .72 .92
Enter booth and connect sample
drawing air tube to mask .38 .33
Exit booth arid rcheck air flow 52 .52
Walk to sample line. plug line
into pump and plug in pump .39 .36
Walk to mask conscle and adjust
sample air flow .17 07,
Walk to booth conscole and adjust
sample air flow .Q7 .06
Walk to chair, plug in arnd test
intarcom by instructing subject .20 L0011
to hreath normally
Place kevhoard on lap, input
stbject and masy data, as well .43 <36
as instructions to data loqger
Await computer prompt and instrict
sibjert to beagin heavy hreathing .78 .78
Carry 1ntercom,s walk to booth
renscle and check air flow .13 .07
Return 1ntarcom, walk to mask
coneole, check s1r flow, return .19 .09
to cnmputﬂr
Awal t computer prompt & Instruct
siibject to move head from 7T «77

side to si1de
Await computer prompt L tnastruct V
subject to move head up and down 77 77

W A A B AN AN A o M N G N M N Gy A D S G G0 e O W B S G U R SO A TR L B B UK W AR . D G s W P .
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OBSERVATICN SHEET

Observation

Tise (mairutase)
Testing Activities Current Design Cesigrn Three
Awalt computer prompt 2 1nstruact
subject to read the paragraoh .30 .80
Afratrt coamputey prompt L oanstrect

subject to mate faces .81 .81

Avart computer proampt & anstruct

subjyect to unhoor the tube &

ezi1t, long—-off computer & place 74 .67
keyboard atcp the computer '

- — . ———— - ————— —— L — - — - —— " —— " —_— —_ - = ——

Walk to pump. remove tube, unplun

pump & carry tn s:ink o2 .17
Flush and dry air tube Lob Y.
Return pump to mask corsols .22 & .08

e me g m s e W A - W e A - . — = W A e e R Wm = e 4R e S M G m R = e e e e n vm W e R e e

Feceive mask from subject, wall
atorage & retrieve ne.t maal .30 .9
tee be tosted

- - - . . — % - — - e = - e e S N = A e AR e S M e €L me o s e e

Trtal setup time g .97 L4 .29
Total testing time .74 8.%7
Total time 58.71 S2.77

HOTE s The procedures used 117 degsign three were daveloped 1n
this project, therefrre. what apnears to he an unreasonable
11 ffaerence betweoen the current design and D3 timee may

¢ tually be the result of a procedural chanqe.

s theesr satens were combiined with other stepa 11 degiragn thr oe
as part of the recommended 1mprovements 1n this proaject
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APPENDIX 6

OUESTIONNAIRE
1. In whicn design 18 system malntenance easier to perfocm?
A. CURRENT LESIGHM B. ™MOCK-UF DESIGN C. 8SAaE

What characteristics of this aystem make maintenance esasier
to perform?

Recpoenses Systes maintenance will nct be easier to perform
i either designy but with the new design, the need for
mai1ntenarnce will probably be lower for a couple reasons.
First, in the old design, the keyboard was acridentally
dropped while & was sutting 1t on my lapi now there is a
permarent place for the kevyboard. Second:, with tha old
degaign,s tne interczom fell several times dDecause it was
hanging off the edge of the laboratory cart. Wires have
bteen removed from the waliways so trip hazards are gone, and
aczidentally pullirg equipment onto the floor (by tripping
orn the cord) 18 "¢ i0:1Q.r & pDroblem.

2. Which design provides a safer work environaent?
A, CURRENT DESISGN B. MOCK-UP DESIGM C. SAME
Khat characterictice of this design asake 1t safer?

Response: The new desian provides a sater work environment
becauae tr:p hacards wara eliminated.

3. in which desiqgn are 1 e errors made during setup and
testing?

A. CHRRENT DESIGNM BE. NOCK-{P DESIGN C. SamrF

T what do you attribute this roduction in eirore?

Reapance: [lecsyvse the atr linese sa-e shorter, less aeroaonl
1% trapped (lost) 1n the lirme. Trapped serosol throve aff
“he sample calibration. :




QUESTIONNAIRE

4. In which design are the 10strument labels easier to
read?

. CURKRENT DESIGN B. MOCX-P DESIGN C. SAME

Do these labels more effectrvely discriminate amonn
equipment prec=s than the laheisc uesd 10 the ather
desi1gn? YES MO

Respanse: This 18 primarily true for the 1nteqratar boies,
In the present design. the inteqrator boree were
cccasitonally confused. With thne new design. this confusicn
was eliminated. Alsa. with the new design, the instruments
themselves are easi1er to read.

Z%Z. Which design provides unhindered access to and from the
wert area and between equipment?

A. CIRREMT DESIGN B. MOCK—S DESIGN C. SAME

What characteristics of the design make tni1s pasnaible?
fespunse: Having the equipment closer to the corputer and
having the laboratory less cluttered are two characteristics
that make 1t @asier to travel 10 the labarateory. Also, the

trip hazards were el:minated.

6. Which desiqgn provides shaovrteyr and Llearer visual lioks
hoetween aquipment?

P, CUHRFENT DESIOM B. MOCK-UP DESIGN C. SAME
COMMENTS:  None

7. UWhich design providas greatoer esase of use of
mmstrumerite?

A, CURKRENT DFSIGH BH. MOCK-UP DESIGN C. 5S5ANE

Linat characterisatice of thit de219n male the in=struments
rasi1er to use?

Roaepoinasg The ecuipment 1w cloenr together and most of the
Wwork can he accomplicshed while s3tting. Alean, the equipment
1* ,agier t0o sme hrcauae the viewing dlstances weres
shortened, The carry bhox made t-arsporting the calibration
gqomples very s1mpie,
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QUESTIONNAIRE

8. Which design allows for greater speed of movements
between equipment?

A. CURRENT DESIGN BE. MOCK-UP DESIGN C. SAME

What design characteristics make speedier movements
passible?

Respanse: Because the instruments are easier to sees 1t
takes less time to identify the information which 1is
displavyed. Speedier movements were possible because the
equipment was closer together.

9. Which design do you teel reduces psychoelogical and
physiclagical stresses the most?

A. CURRENT DESIGN B. MOCK-UP DESIGN C. SAME
To what do you attribute the reduction of stress?

Response: Psychological stress was reduced because I did
nnt have to worry about whether 1 had read the instrument
display correctly or not, or whether I had even checked the
inztrument at all. With everything so spread ovt in the
present laboratory, it is difficult to keep track of which
instruments have been checked. The potential for
claustrophobia exists because the console has a wrap-aroind
shape, but so far, claustrophobia is nct a problem.

Fhysiological stress was reduced because movement is
reduced. Less standing up and sitting down 1s required and
walking is reduced.

10. Which design do you feel reduces physical fatigue the
most? :

A. CURRENT DESIGNM B. MOCK-UP DESIGN C. SAME
T what do you attribute the reduction of fatigque?
Response: Less movement was required, more sitting was

possibles there was a shelf to rest my arms on, and T daid

not have to move the keyboard and intercom every time |
stood up.
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