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EXECUTIVE SUMMARY

These reports describe the data collection and anaiv-
sis efforts performed by the Civil Aeromedical Institute’s
Human Factors Research Laboratory to assist the Of-
fee of Aviation System Standards (AVN) in the human
factors evaluation of the Operational Demonstration (Ops
Demo) candidate flight inspection aircraft (FIA). Al
though there was not sufficient time to conduct an ex-
haustive human factors evaluation of the Ops Demo FIA.
several efforts were undertaken 1o assist in the determi-
naton of the suitability of the proposed aircraft for inte-
gration of flight inspection equipment and performance
of the flight inspection mission. These efforts included
an evaluation of flight inspection pilot and technician
preferences for certain zircraft characteristics, an evalu-
ation of aircraft cabin noise ievels. an anthropometric
familiarization for flicht inspection piicts and techni-
¢cians participating in the Ops Demo. and an evaluation
of the proposed flight inspection workstation design for
the medium-size, medium-range (M3R) aircraft.

The Ops Demo was conducted to allow for a quan-
titative and qualitative evaluation of the performance,
saferv, and utility of each of the candidate aucraft. In
addition to the evaluation of the operational utility of
the aircraft by the Federal Aviation Administration
(FAA)and user personnel, the Ops Demo also provided
various engineering discipiines tasked by AVN to sup-
port the Source Evaluation Board's technicai proposal
evaluation an opportunity to physically examine the air-
craft to answer or clarify any technical questions or con-
cerns that may arise during the technical proposal evalu-
ation. These disciplines inciuded, butr were not limited
to, Human Factors, Avionics Engineering and Mainte-
nance, Systems and Airframe Engineering, Flight Safety.
and Fiight Inspection. Evaluators from these disciplines
provided thewr own evaluation plans and data sheets, and
provided separate reports of their findings. This report
details the findings of the human factors evaluation con-
ducted by the FAA Human Factors Research Labora-
ory (AAM-510).

One of these efforts involved the assessment of the
preferences of flight inspection pilots and technicians
for various characteristics of the flight inspection air-
crzft. These results were then presented to the evalua-
tors. allowing them to compare their preferences to those
of their peers. Ops Demo test events were developed for
those items of the survey mos: preferred by the raters
and not covered by other test events. Test-cards were
constructed as guides for these 1es events.

-

An assessment of the extent to which the Ops Deme
piiots and technicians conformed to the anthropometric
specifications of the flight inspection aircrafi was also
performed. Measures were collected on sitting height,
eve height, leg length, arm reach, and shoulder breadth.
These measurements were provided as infomation to
the evaluators, so they would know how their personal
characteristics compared to the population of interest.
Data indicated that the pilots and technicians selected to
perform: flightdeck and workstation evaluations were
generally representative of the aviator population. How-
ever. the military aviator population represented in the
anthropometric distributions of the Military Standards
is comprised of enly men, and they appear to be aller
than the FIA user popuiation Perhaps in future FIA pro-
curements it would be appropriate to consider using a
population more representative of the AVN piiot and
techaician popuiation. rather than the military aviator
population, for setting anthropometric specifications.

Additionaliv. an acoustic analvsis was conducied
of the cabin enviranments of three currenziv used MSR
flight inspection aircraft and the three Ops Demo air-
craft. The King Air and Sabre Liner were the noisiest of
the aireraft tested. The British Aerospace Engineering
aircrait was the quietest of the current flight inspection
aircraft tested. The candidate large-size, long-range
(LSR} aircreft was 10 dB{A) quieter, on the average.
than either the candidate MSR aircraft or the candidae
multi-mission (MM) aircraft. It appears likely that the
candidate L SR aircraf would meet the flight inspection
aircraft specifications regarding noise levels. The MM
and MSR aircraft were rated acceptable; however, due
1o the requirement for major changes in the tnterior con-
figurations to meet operational specifications, fisther and
more detailed analyses will be reguired.

Finally, an evaluation of the candidate MSR air-
craft technician’s workstation was performed with the
assistznce of the Ops Damo technician evaivators Sev-
cral points of consideration were ratsed before the work-
station lavout and cabin environrmen! became fined.
These suggestions led t» major modifications inthe 1ax-
out of the techniclans workstation. These design changes
werg implemented into the contracior’s design proposal
for the LSR airerafl however. workstation design opii-
mizatien for the LSR aireraft cabin lavout has not been
prepesed. ¢ 1s hoped that these modifications wiil fa-
cifitate mere efficient and comforable operation afthe
flight inspection equipment.




HUMAN FACTORS SURVEY OF AIRCRAFT
CHARACTERISTIC PREFERENCES OF FLIGHT
INSPECTION PILOTS AND TECHNICIANS

INTRODUCTION

A survey of the preferences of flight inspection
pilots and technicians was conducted to assess pref-
erences for certain characteristics of the flight inspec-
tion aircraft. Several flight inspection pilots and tech-
nicians were recruited as subject matier experis
{SMEs) to develop items suitable for inclusion in the
survey, The SMEs generated Hsts of characteristics
they considered imporiant {or the candidate aircraft
t0 possess, From these lists, survey items were devel-
oped for relative weighting using the paired compari-
son scaling technique. With this techaique. all pos-
sibie pairs of items are presenied and the subjects in-
dicate wiich of the two items in each pair they con-
sider ic be most desirable. For Viems, MA-132 com-
parisons are required. Separate surveys were Jevel-
oped for pilois and technicians.

The information was then compiled for presenta-
tion 1o the Operational Demonstration {Ops Demo}
evaliuators so they would know how their personal
preferences compared o those of their peers. Addi-
tionaily, the information was used to prepare test-cards
for the Ops Demo zircraft evaluation. Test events were
developed for all of the aircraft characteristics that
were evalvated and test-cards were constructed for all
test evenis. The test events developed (rom the sur-
vey involved miovement and eccess issues, aad were
ingluded in the operability section of the test-card
handbook {Department of Transportation. 1892}
Cther test events incieded handling (ground and
flight}, flight, navigation, and environmental systems.
flight inspection operations, and emergency proce-
dures.

METHOD

Subjects

Subjects in this study consisted of 75 technicians
and 140 pilots serving in flight inspection fieid of-
fices (FIFO) in either operational, instructienal or ad-
ministrative positions. From this sampie. 47 techni-
cians angd 103 pilots responded t¢ a paired compari-
sons survey on characieristics of the afrcraltl cabin
work environment. The response rate reprosents

62.67% of the technicians and 77.14% of the pilots
who were mailed surveys. Two pilot surveys and one
technician survev were incorrectly filled out. These
were discarded from the study, resuiting in 46 techni-
cian and 106 pilot survevs appropriate for inclusion
in the anaiysis,

Materials
As shown in Tables | and 2. a total of 14 items

rejated 1o the pilois’ work envirenment and 22 items
related to the technicians’ work envircnment were se-
lected to be used in constructing separate paired com-
parisons surveys for the technicians and pilots. The
item pairs were formed using the stimulus prepara-
tion charts prepared by Lawshe and Kephart {1954).
which comrod for side (left'right) and separation (dis-
fance between repeated stimuli)

Procedure

individual packets were placed In envelopes ad-
gressed to each pilot or technician. These envelopes
were then mailed 1o the individual or the individual's
FIFO. Subjects were asked to complets the survey as
conscientiously as possible and o return their forms
in the envelope provided. Directions for compieting
the survey are shown in Figure §.

Sdﬁe\’s were numbered and checked for errors
upon receipt. and were eatered into a data e for
analvsis. Upon completion of the data entry, a fre-
Guency count was made on each comparison for fur-
ther analvsis.

RESULTS

Scparate datz marricss were formed from the e
sponses of the pilots and technicians. In these sgquare
matrices. the numbers above the diagonal represem
the number of times the row itern was selected over
the column ttem; whereas those numbe-q nelow the
diagonal correspond 1o the number of times the col-
umn item was selected over the row iem. Frequenay
counts were used 10 genarate 2 frequency marin. All
-:szher matrices required o7 the analysis were com-

52 comesponding Tegueady matrix
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TABLE 1
Rank Ordered f-scores for Items on the Pijots’ Survey

item rscore
Visibility 71.19
Stable Flight 63.84
Emergency Exit 59,27
Cabin Noise 55.18
Body Movement 52.87
Chart & Equipmant Access 51.28
Chart & Equipment Storage 49.85
Emergency Equipment Access 49,10
Routine Entry and Exit 48.24
Clear Path 48.C8B
Stand Erect 4072
internal Persona! Sworage 38.4¢
Biock out cabin light 38.49
Life Raft 38.01
TABLE 2
Rank Ordered ¢-scores for Items on the Tegchnioians’ Survey
ftem [-score
Seated body movement §6.C1
Emergency exit 63.68
Access 10 Visua! Displays 82.052
Seat movement retated to equipment 61.52
Access to Doc & Equip in Workstation 58.78
Smergency Equipment 58.57
Teech VHF Radic 5522
Forward Facing Workstation 55.08
Low ¢abin noise 54.09
Routine Entry and Exit 52.28
Documentation & Equipment storage 51.47
Clear Path 5G.67
Life Raft 48.08
Personal Storage 45.38
Lap anc shoulder straps 4424
Visual access/fuselage windows 43.97
Stand ersct £3.91
Nonrestrictive headphone cables 40.42
Adiustahle lumbar support 33.68
Visual Access 1o cockpit 38.28
Ability 1o block out window light 36.24
Approzach plate holder 28.84



Reliability and intemnal consistency measures were
computed for each of the surveys. Reliability wasmea-
sured using a variance component ntode! of the analy-
sis of vaniance. The reliability was 92 for both the
pitot's and technician's surveys which indicates a high
ievel of reliabality.

Internal consistency was measured using
Kendall's (1948 circular triads coefficient of consis-
tenice. This measure indicates the consistencv of a
judge as he’she compares the paired comparisons., If
itern 1 15 judged more important than item j, and item
j 15 judged s be more important than item k. then, to
to consistent. ttem | will be jud zed to be more impor-
tant than itcrm k.

To determine the presence or absence of circular
triads, @ proportion matrix was constructed hy divid-
ing each item ¢n the frequency matrix by the number
of respondents for the survey and placing a propor-
tion of .30 on the diagonal. A circular triad matrix.
consisting of 1s and 0s. is forined from the proportion

matrix by substituting a I for each item with a pro-
portion equal to or greaier than .30, or 2 0 for each
item with a proportion less than .30, The coeflicient
of consistence is then calcniated using Kendall's for-
mula. This test vielded a coefficient of consistence
of .96 for the pilots survey and .92 for the technicians
survey, which indicates a fairiy high level of intra-
judge cansistency.

Tables 1 and 2 also show (-scores that have been
calculated for each item to demonstrate the iterm's rank
among the other items compared. A f-score s a stan-
dard score that has a mean of 5§ and a standard devia-
tion of 10, It shouid be noted that the 7-score is an intenval
measure, which has equal distances but no absolute zero.
One way 1o view these scores is the percentage of time a
particular wtern was selected over all other tems in the
Hist. The t-scores were calculated from z svores gener-
ated by the SPSS Descriptives command on the sotal
frequency count for each item. The = score to f-score
fransformation is simply [{ = score « 10) + 30].

FIGLRE 1
Instructions to Raters

A set of characteristics nas been identified tc aid in the upcoming evaluation of flight inspec-
tion aircraft. It would be heipful in the evaluation to have an estimate of which characteristics
were felt ic be relatively more important to piicts and technicians who will be manning the
aircraft. These characteristics are provided below in paired comparison form; that is, sach char-
acteristic is paired with every other characteristic,

Please read each pair of characteristics ana decide which of the two is most desirable from
your point of view. Make a check mark ¥} in front of the characteristic you have selected. Make
sure that you sslect one and only one characteristic from each pair. Some pairs will be more
difficult to select between than cthers, but please make a selection for every pair. You may
change you: sH:eCHiONSs on any pair at any time. In general, it is best not 1o spend a great deal of
time on any one pair, but simpiy to read them both, check the one that you feel is relatively more
desirable from your viewpoint, and move on to the next one.

Please do not compare your selections with any other r c t
before ali raters have completed their ratings. it is important that only your viewpsin
sented in the ratings. An example is provided below:

__Anight at the opera N Attend a basketball game

in the example, the rater has sefected “Attend a basketball game” as being more desirabie
than "A night at the opera.” Please note that the items are paired side by side.

Pisase proceed. There s nie time fimit, but most people finish the rating in less than 20
minutes.



DISCUSSION

Each of the Ops Demo evaluators (six pilots and
ix technicians) used the test-cards as guides in evalu-
ting the iest events. Separate handbooks with dis-
mnat test evenis were developed for pilots and techni-
ctans. These handbooks ziso contained a summary
of the results of this survey (see Figures 2 and 3}
This information was provided so that evaluators
would know how their personal preferences compared
to those of their peers. With this information 2t hand

o

—

s

it was possihle for pilots and technicians to compare
their personal preferences for these characteristics to
those of their peers at any time during the evaluation.

In addition to the summary results, test-cards ware
construcied (see Figures 4 and 3} for those items of
the survey that were not covered by other previoushy
developed test-cards if the item’s T-score was greater
than the mean (i.e. r-score > 3M). This included 3 tems
for the pilots and 6 items for the technicians.




FIGURE 2

Technician Priorities

Many of you participated in a recent survey conducted by the Human Factors Fesearch
L aboratory of the Civil Aeromedica!l Institute. This survey was conducted to assess the prefer-
ences of flight inspection pilots and technicians for certain characteristics of the flight inspection
aircraft. The survey results are presented to give you information about your peers’ preferences
for certain aircraft characteristics. The reliability of these values was found to be very high. The
resuits are presented in the table that follows; however, g brief explanation of the results may
assist in your interpratation. The vaiues in the table represent the percentage of time a particular
itern was selected over all other items in the list. For instance, the technicians preferred “Seated
Body Movement” over all other items 68 percent of the time. This is in contrast to “Fase of
Depioying Life Raft.” which was preferred only 48 percent of +he time over ali other tems. As an
evaluator, it is important for you to know how your personat preferences compare to thosz of
YO peers.

Seated Bedy Movement -————-ereemserscecneceeieee . 68
Access 16 Emergency EXit---eeorerroeereeevcr e 84
Access to Visual Displays - - 83

Seat Miovemnsnt Relative 1o Equipment ————-— §2
Access to Decuments & Equip in Workstation —-- 80

Access to Emergency EQUipment «-—--seocermmmmeaee 58
Separate VHF NAVCOM Radip —---weomemomnoomes 55
Forward Facing Workstation - ----mmmmmseememmenens 55
Lew Cabin Noise -—-—momom - —--- B4
Routing Entry & Txiv.oon - -- 52
Cocument & Eguinment Sterage - -oeemmmeseees 51
Clezr Path through Cabin - momm e 51
Ease of Deploying Life Raft --rmeme e s
Interior Personal Storage - -~ s rreirm e 46
Lap & Shouicer Straps mmmmmememeet oo e 44
Visual Access/Fuselage Windows ——-reeemeee- 44
tand Zrect in Cabin--oe e 44
Nonrestrictive Headphone Cebles -—-ooimmovee- &5
Adjustadie Lumbar SUPROIT ---sevemmer e 38
Visug! Access 10 Cookpit - meemme e 38
Ability 1o Block Our Window Light -—-meemmmmennens 38
Appreach Plete Holce” ——-- ~mosmmm e ae 23
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FIGURES3
Pilot Priorities

Many of you participated in a recent survey conducted by the Human Factors Research
iaberatory of the Civil Aeromedical Institute. This survey was conducted to assess the prefer-
ences of flight inspection pilots and technicians for certain characteristics of the flight inspection
aircraft, The suivey results are presented 1¢ give you information about your peers”’ preferences
for certain aircraft charactieristics. The reliability of these values was found 1o be very higih. The
resuits are presented in the table that foliows; however, a brief explanation ¢f the resuits may
assist in your interpretation. The values in the table represent the percentage of time a particular
1tem was selected over ali gther items in the list. Forinstance, the pilots preferred “Visibility Out
of Cockpit” over all other items 71 percent of the time. Thnis is in contrgst to “Easzs of Deploying
iife Raft,” which was preferred only 38 percent of the time over all other items. As an evaluator,

it rs important for you to know how your personsl preferences compare to those of your peers,

Visibility - . 74
Stable Flight -—---- - . — 64
Emergency EXit ----om-——rmmemmme oo s 58
O T T T — 55
Body Movement while seated «----r--—-m-emeceemmeees 5%
Chart & Equip Access------- e B
Chart & Equip StOrage ---are-semomrmemsmmmemsrmmcass eee 50
Emergency EQUID ACCESS --nr-merermmmrmmrrmm e omeas 29
Routing Entry and EXit ----- -=-osemeeermereee e 45
Clear Path through Cabin —---- - - ag

tand Erect in Cabin - — e e 40
Interna! Personal S10rage —--—--wr-mmmeesmmmmrem e 28
Biock Cut Cabin Light at Night ~-—-r--emeemm e 38

Ease of Deploying Life Raft —~-r-rrrrsormceee 38
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FIGTRE 4

Pilot Mevement and Access Jest Card
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Test Congitions:

ftem {0
Ease of body movement whiie sealed :n cockpit
Ease of access io flight charts and navigation equipment
Flight chart ang navigation eguipment sigrage on fighidech

FIGTRE S

Technician Movement angd Access Test Card
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ANTHRCPOMETRIC FAMILIARIZATION OF THE
OPERATIONAL DEMONSTRATION FLIGHT
INSPECTION PILOTS AND TECHNICIANS

INTRODUCTION

A human factors evaluation of the flightdeck and
technicin’s worksiation of the candidate aircraft was
perfor:n.ed by a group of evaluators consisting of flight
inspevtion pilots ~nd electronics technicians from the
Office of Avistion System Standards. To determine
if the evaluation team members were representative
of the population for which the specifications were
developed. anthropometric measurements were taken
of five body dimensions for cach evalnator. These
meastrements were provided as information to the
evaluators so they would know how their personal
characteristics compared 10 the population of inter-
est. In this study, the measurements were compzred
with those of the aviator population described in Mili-
tarv Standard 1472D (MIL-STD-1472D) to determine
if the evaluators were representaiive of the popula-
tion for which the system they evaluated was designed.

MIL-STU-1472D, which presents human engi-
neering design criteria for military sysiems. contains
a listing of Sth and 95th percentile anthropometric
meastrements for military aviators. Given that bouy
part dimensions are distributed nommally, 9% of the
aviator popuiation should have measurem=nts that fall
within those margins, with 5% being smaller and 5%
being larger. Data on aviators in MEL-STD-1472Drep-
resent 1482 U.S. Army aviztion personne! measyred
in 1670, 1549 1U.S. Navy pilots measured in 1964, and
2420 LS. Ajr Force flving personnel measured in
1967. It should be nuted that the military aviaior popu-
fation represented in the anthropometric distributions
of MIL-STD.1472D is compsised of ealv men.

METHOD

Subjects

The subjects of this study consisted of a group of

14 aircrafi pilots and elecronics technicians (13 maiesy
and one female) empioved by the Federal Aviation
Administration Office of Aviation System Standards.
The subjects were fuliy clothed while being measur2d.

Materials
Subjects were seated in 21 office chair with a hard
seat. Measuring devices included n meter siick. 2 12-
“inch roler, and a scamstress tape measure. Subjects

were provided with a brief description of anthropo-
metric measuremnents and the 5th and 95th percentile
values of the aviztor population for the measures be-
ing taken to familiarize them with anthropometric con-
siderations in systems design {sce Figure 6).

Procedure

Measurements were 1aken in inches of sitting
keight. eye height, leg length, arm reach. and shoul-
der breadth {see Figure 7). Sitting height and cve
hieight were measured with the meier stick and ruler
while the subject was seated in the chair. The meter
stick -.us placed on the seat of the cheir beside the
subject extending to the top of the subject’s head. and
the ruler was ased 10 gauge tne top of the head and the
height of the eves with the comresponding measures
on the meter stick. Functional leg length was mea-
sured with a {ape measure extendad from the waist fo
1he boaom of the shee while the subject was seated
with one leg extended in front to the floor. Arm reach
was measured with a2 tape mcasure from the piane
parallel to the subject’s back 10 1he end of the chumb
while the subicct was scated wich one arm extended
to the front and the fingers curved down toward the
thomb 1p. Shoulder width was measured with a2 t1ape
measure from shouldey 1o shoulder while the subject
was seated with arms at the sides.

RESULTS

Table 3 shows the means of subject measuremenis
compared with the 5th and %5th percentiles of mea-
surements for the aviator popuiation specified in MIL-
STD-1472D. All of the body characteristic mears Zell
between the 5th and 95th percentiles for the aviator
population. Table 4 represents the frequescy of sub-
Jject measurements which occurred below the Sthper-
centilc. berween the Sth and 95th percentiles, and
above the 951h percentile along with the percentage
of cases represented in each categony. Berween 50.0%
and 92 9% of the subjects” measurements fell bepaeen
the 5th and 951h percentiles of those indicated foravia-
s m MIL-ST-147 20,




DISCUSSION

Data indicate that the subjects selected to perform
fiightdeck =nd worksiation ¢valuations were gener-
allv representative of the aviator population. However,
21.4% and 28.6% of the subjects had Sitting Height
and Eye Height measures below the Sth percentile. In
addition, 50.0% of the subjects’ leg lengths were be-
tw2en the 5th and 93th pertentiles and 58.0% were
below the Sth percentile. However. witn respect to

beczuse the subjests were fully clomed
{anthropometric measurements are generaily takenof
subjects in underclothing}, making it ifficui to de-
termine the exact location of the waistiime. A possi-
hility 2lso exists that military aviators, on the aver-
age, are taller than FAA pilots and techricians. Per-
haps in futare FIA procurements it would be appro-
priate to consider using 2 population more represen-
tative of the AVN pilot and tecinician population,
rather than the military aviztor population, for setting

the latter, errors in measurement may bave occurred  anthropometmic specifications.

FIGURE 6

Anthropometric
Measgrements

Evsiuator

Design and sizing of 8 system should ensure accommeodation, compatibility, orerability, and
maintainabiiity by the user population. Generaily, design limits should be based upon a range of
values from the Bth percentiie for females to the 951k percentiie for mailes for critical body
dimensions, except for instances involving special populations, like the presen: aviator popuia-
tion. As an evaluator it is important for you 10 know how your personat charactenstics compars
to the population of intersst.

For the bedy dimension listed below, the 5th percentiie vaiue indicates that 5% of the poptlation
wall have values equal to or smalier then that value, ang 85% will have iarger vaiues; conversely.
the 95th percentile value indicates that 88% of the | opulation will have values egual to or
smaller then that vaiue and five percent will have larger values., These values were seiected
accormodate the S5th through the 85th percentile of FAA crew members specifiad as “aviaters”
in MIL-STD-1472ZD who have been appropriately seiacied and trained. The vaiues below are in
1INCNEs,

Fersonat Sth 85th

Meagsyrement Percentile Percentile
1. SITTING HEIGHT _ 33.7 388
2. EYE HEIGHT - 30.0 3338
3.LEG LENGTH 430.8 47.4
4. ARM REACH . 28.8 342
E. SHOULDER WIDTR 17.0 20.7



FIGURE ¥

Bedy Dimensions Measar

ed




Means of Subject Measurements Compared with 5th and 95th Percentile of Aviator
Populatien {in inches),
Mean of Subject 5th Percentile of 93th Percentiie of
Body Characteristic Measurements Aviators Aviators
Sitting Height 353 337 38.8
Eve Height 311 300 336
f.eg Length 417 0.9 47.4
Arm Reach 26,0 38.8 343
Shoulder Width 19.3 17.68 207
TABLE 4
Freguency and Percentage of Subject Measurements Occurring Withip Pereentile Rang
of Aviator Pepulation.
Below 5th Sth - 95th Above 95th
Bogdv Characteristic Porcentile Percentile __Pereentile
Sitting Height 3(21.4%%) 11(78.6%53 ¢
Eve Height 4 (28.6%; 8 (64.3%) P {7.1%)
Leg [ ength 7 {30.0%; 7O530.0%) G
Arm Reach P¢7.1%) 125299 O
Shoulder Widih & 13(92.9%; RS




ACOUSTIC SURVEY OF THE FEDERAL AVIATION
ADMINISTRATION FLIGHT INSPECTION AIRCRAFT
CABIN ENVIRONMENT

INTRODUCTION

An acoustic survey of the cabin environments of
three cuorrent medium-size, medinm-range (MSR ) air-
craft used tor flight inspeciion of navigation aids was
conducied to allow for acomparizon of the sound fevel,
in dB(A). that was preseni. Additionally. an acoustic
comparisor of the three aircraft present at the Ops
Demo was conducted to aliow for a comparison of
the noise present in ihese aircraft cabins. The three
atrcraft present at the Ops Demo were candidates for
flight inspection aircraft. These aircraft included an
ATR-42. the candidate multi-mission (MM) aircraft;
a Canadair Challenger. the candidate long-range,
large-size (LSR) aircraft; and a Lear 60, the candi-
date MSR aircraft.

The noise specification for the aircraft participat-
ing in the Ops Demo is a sound pressure level (spl} of
less than 85 dB during all phases of flight. Further-
more, the specifications called for aural cockpit alarms
to be from 5 dB to 10 dB above the ambient sound
level, For any FAA employee working in an cnviron-
ment in which the SPL is not below an 8 hour time
weighted average of 35 dB(A), enroliment in the hear-
ing conservation program is required.

It should be pointed out that the analysis conducted
will not allow for a determination of the extent 1o
which the aircraft meet the Occupational Safety and
Health Administraiion’s {OSHA's) standards for ex-
posure to sound levels, the type of soundproofing
material that is required. speech interference charac-
teristics, annoyance associgied with the sound level
present in the cabin, or the extent to which the aircraft
meet FIA specifications.

However, the analysis will allow for a direct com-
parison between aircraft in regard to the sound leve!
present during the selected phases of flight that are
most related to hearing loss and speech interference.
The (A) weighting applied to the amplitade per fre-
quency measure of sound pressure (dB) takes into
account the selective sensitivity of the human hearing
mechanism to certain frequencies by appropriateh
weighting those frequencies 1o which 1he human ear
is most zensitive at about 55 dB spl.

A mere thorough invesrigation of the sound lene
present in the cabin. such as a spectral analysis. s not

3

planned at the present time. Such an analysis would
ailow for determination of the extent to which sound
levels with annoyance propertics were present. and
the type of soundproofing matenial required 1o dampen
those frequencies. For a determination of the extent
to which the sound level meets OSHA standards. an §
hour dosimeter measurement of conditions present
during an individual’s work day would be required.
A more thorough analysis will be conducted to assess
the extent to which the aircraft selected for the flight
inspection mission meets the FIA specifications.

METHOD

Equipment

Two dosimeters were used to assess the ampli-
tude, in dB{A), of acoustic energy present in each of
the aircraft cabins tested. The dosimeters used in the
project were past of the db-3014652 Metrologger svs-
tem. The db-301:652 Metrolog-ging System consists
of the db-301 Metrologger, the db-632 NMetroreader.
and assoclated interconnecting cable. The db-301 is
used for collecting the basic sound leve! data through
an input device, such as & microphone. The micro-
phone used in this project was a Metrologger mk-
301R. The dh-652 is the final processor and readout
device {printer) of the sound level deia collecied by
the db-301 Metrologger. Afterreceiving the datafrom
the db-301. the db-652 processes it and provides a
printout on its intemal printer. Before each test the
dosimeters were caiibrated using a ¢I-302 acoustical
calibrator.

Procedure

Two experimenters celiected the data jrom the
three current afrcraft: a single experimenter collected
the data from the three operational demonsiration air-
craft. Calibration of the dosimeters took placc before
cach test. The weather was clear with smooth air for
ail test flights. Upon entry into the aircraft, the muke
and medel of aireraft was recorded. One of the
dosimeter’ s microphones was attached 1o the head-
rest of the technician’s seat or the seat nearest 1o vhe
proposed :ocation. The other dosimeter’s mivrophone




was attached to the headiest of the pilot’s scat. The
microphones were attached to the seats with a cloth-
ing clip (mis-206). The serial number of the dosimeter
was recorded, along with its location. The dosimeters
were wimned on, and the time was recorded as the en-
gines were started. The various activities of the ensu-
ing flight were recorded for their later correlation io
the acoustic data. Data collection continued until the
engines were shut down on the ramp. When the data
collection was compilete. the dosimeters were set to
standby mode. The data were then downloaded te the
db-652 Metroreader for processing and printing.

RESULTS

The db-652 Metroreader tape oulput was anno-
iated with the phase of flight that was occurring at
that time. Table 5 details the findings for the three
current MSR aireraft and the theee Ops Demo atrcraft.
The data in this table represent the maximum inte-
grated sound level occurring during the phases of flight
indicated. The MM landing data appesr to be out of
range. It is possible that the microphone was bumped
or covered momentarily, causing an aberrant reading.

DISCUSSION

The King Air {(KA) and Sabre Liner (SL}. both
current MSR aircrafl, were the noisicst of the aircraft
tested (Mean = 87 dB(A)}. The British Aerospace En-
gineering {BAE) was the guierest of the current flight
inspection aircraft tested (Mean = 80 dB{A)) how-

=

ever, the candidate L. SR aircraft was quicter (Mean =
75 dB(A)). The candidate MM and MSR aircraft av-
eraged 85 dB(A). These values are the maximum in-
tegrated sound level in dB{A) occurripg across ail
phases of flight. They are given for comparison pur-
poses onlv. The actual noise levels differed by phase
of flight, as shown in Table 5. It should be noted that
the intertor configurations differed from aircraft to
aircraft, as did the speeds at which the various ma-
neuvers were performed. Since these maneuvers were
selected for their potential to cause a higher sound
level, and since they were all weighted evenly i these
averages. it is likelv that these values are higher than
one would experience in a typical work day.

The KA. SL. and BAE were all configured with
operational flight inspection interiors, The candidate
LSR aircraft was configured with an exccutive inte-
rior and the candidate MM aircraft was configured
with a commercial airline interior. The candidaiz MSR
aircraft was unpainted. with three regular seats and a
jumpseat in the cabin area. This aircraft was without
an 1aterior tube liner and had its interior insulation
exposed.

Tt appears likelv that the candidate i.SR aircraft
wouid meet the Flight Inspection Aircraft noise level
specifications. On the basis of observed levels, the
1SR aircraft was rated excellent, with high confidence
in meeting the specifications in an operational con-
figuration. The MM and MSR aircraft were rated ac-
cepiable, however, this i3 with low to moderate confi-
dence due fo the borderiine noise level resuits {(i.e. 85
dB(A}) and the requirement for major changes in the
mterior configurations 1o meet operational specifications.



TABLLE 5§

Peak Aconstic Encrpy in dB(A) for Various Phases of Flight

[ S N TP S VU .

TRANS  MAX ' LOW.  LANDING
TYPi: START TAKE T CRUISE SPEED STEEP QUICK LEVEL GEAR SHUT
OF AC STATION  UP  TAXI  OFF  CRUISE  SPEED  BRAKF FIAPS  APACH DESCENT FLIGHT  DOWN  LANDING DOWN
e OPERATIONAL DEMONSTRATION AIRCRAFT
1L.EH PHOT 73 72 76 80 18 83 73 N/A 76 73 77 74 75
TECH 73 8 7H a0 70 70 74 N/A 73 12 78 70 78
AV MLOT 09 a7 85 02 85 NIA a7’ 83 $hH ah 85 108+ B85
TECH 73 77 85 86 83 N/A 82 a5 84 80 a5 1 a2
Mo PILOT 76 8 79 B 92 32 87 84 £ 14] 80 95 82 78
TECH 79 #4 87 85 m 23] 82 85 92 83 94 85 a5
T T GO MR ARGRART T ) - -

BALF Lo 73 70 78 a a7 BH &0 81 a 85 72
o TRCH 89 47 B2 82 85 a4 82 81 78 81 77
KING PILOT a4 o6 g2 a7 L] | N/A 86 49 BG 89 96 87
Al FLCH 3 a4 B? 85 a8 N/A 63 H6 g2 90 B6 g8
GARER maoy 3G 17 B8 90 03 99 a1 88 97 91 72
[ INLI TECH 10 43 90 91 th3 39 G0 aa 87 87 83

At ke A A an A3 ¥ s snuimtndeis Th Mies n BRES k& o ke e b b AR i b et e ran

TMSR T Medium Range, Medium Size
SR - Long Range, Large Size
MM - Multi Mission
* The MM landing data appear to be out of range. It is possible that the microphone was bumped or covered momentarily,
causging an aberrant reading.



HUMAN FACTORS CONSIDERATIONS OF THE MSR
TECHNICIAN’S WORKSTATION

INTRODUCTICN

A human factors evaluzation of the candidats MSR
air mf‘. ecbmy:ap s worksiation was performed with
the assistanze of the Ops Demo technicians, These
evgluations were perfomaed inamoch-up of 1}19 flight
inspeciion worhsiation Coniained within a mack f_
selzge of the candidawe MSK aircraflt. Sever2 ;_i polinis
of contention vere raised for further comsideration be-
fore the workstation laveul and cabin environpient
became Tixed. Many of these aiso appiv 1o the candl-
date MM and LSR zircraft.

Points of Consideration

. Therecorder was positioned in2 manner gt wonic
make it difficult 10 write on s associated primout.
It was positioned on the left of the alrcrafl. requir-
ing right-handed wechnicizns w reach across their
bodies 1o annotate the printour when facing the
plasma dispiay.

2. The specyem analvzer is positioned 1o the lower
lefi of the forward-facing technician s seat. It i3 pos-
sible 10 positicn the display for this umi a1 a higher
tav el on one of the o instrumeni panel foreasier
viewing. The control pnit can be located remoeis.

. No provision for storage space for equipment and

dosuments was imdivated Inthe mock-5p. The spee-

trum anzlvzer pesition. if fivted with 3 door. wewld

provide adeguate storage. This option depends o

the spectrum anahyzer display a and comiro] unil be-

ing moved. as suggestad above wmpomt 2.

The even: marker should be placed closer w the

surface. inswead of above the plasma displav_sothe

armhand bas a place fo rest,

The cup holder locaton should be muoved o uliow

for more wriling space on the surface diresth in

front of the ferward facing technictan. 15 moved. i

should no? be placed where the recorder prmtow s

annowied.

6. The comers of the workstanion shelves and puliouw

writing surfaces snould Se rounded w reduce the

fikeithood of injury

There was ne indization of a2 headphone jzex po-

siticn in the mock-tp. It should be posmu..eé 28

rot To interfere with i2shnician movement

8. Windows are not proposed for Insmaliation on :f‘:
right side of the a"cra:z cahin ai mﬂ rechrictan’s
workstation. it weuld be bereficial 10 provide e
wechuician with these windows.

Ly

:«Ls

Lh

:w\l

2. Theworkstation should be positioned onthe oppo-
site side of the aircrafi o 2void the probiem described
m poimt 1. This weould require zhp sm;f caton of
the rigid contamer fo be changad. The ng:d con-
1ziner should not drive the design and lavour of the
technician’s workstation.

fihe recorder is moved below the pias*‘:a dispiay.
which i not recomrmended. Tt must be dong 50 a8
not o cause the plasma display 0 be rased wan
uncomiornable viewing anO“ o

Gt
Vo

il Th. consele comaining the plasma dispiay should
reducez in hesght 10 allow for forward viewing.
. -%L‘.euah 1he revised design is comsiderably im-
proved ever the onigina! Jesign, 1z sheuld not sene
as a standard Tor other F1A svswerns msizlied mai-
crafttharaliow fora wuly farward facing work sia-
tion. The curren: design has 2 forward seated con

soic. 8 compromise to the specificaton o aliow f{:‘

the consideration of smaikr aircrefl. Thisdesizmwas

arasulrofthe decrease in floorspace asaoniated with
revisions in the specifications.

Based onthe above considerations the contractor
roditied the design thet had originally been proposed
or integrating zhe flight imspeciion worksiation Inio
¢ aircran. Each of the above pomts was 2ddressed
the redesign efh ¢ revised worksiation. Dravings
of the original design and the design zcceptad by the
2ZEnCY are prese meé for comperison :.ans..*ﬂs 8
through 10y Tigures 8 and @ detan] the o \.\53&1‘}33
creficabinand e I::z;z__. $ WOrKsIation lay nur Fig-
ures 10 and 11 detallthe designaccepied by Ibe 238N
for istaliztion o the Lear §0MSR FAL

The mam dmer..n c2 benwesn the Two javouls s
the side of the aircraft on which the workatation is
poaioned. The oniginal design proposal colled forthe
\:.«:ams:amio © be posiiloned on the left side of the
; ring :mhz- wanded technicians o reach
ATTOSS th—”.- DOCh 10 anaofate the recarder printout.
The contractor mitially did not suggest 2 right-handed
oTRSIation, singe the size requirements for the rigid
e.:'-i.a' T restricted s placementinthe afrorad cabin,

23 sugeestod 10 AVN that the ~aid contziner shogpld
ot drive the desizn end lavout of the tec 'mwea;)'“
workaation. The ngid ...azner SpeCiieation was

—

N i
maodified to allow fu‘ :i € 73pas mroning of the work-

o

ey

) 5‘1‘

.-u

)

=

P b - - -..l o —Fa
sLanen to the right side oF the cabin. The sugpestion
2
toomey @ the worksizlion 0 the right side of the air-
2
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FIGURE 9
Proposed Workststion Layout
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FIGURE 10

Accepted Cabin Layout
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FIGURE 11
Aczepted Workstation Layout




crafl was incorporaied info the desigﬂ accepted by

the agewey [t was contended that since the worksta-

tion had to be either right- or lefi-handed, 1t should
accommodarte the majority of the user popu?atson

The only alternative to 2 righi- or left-handed
workstation was a design that zncerpa,*ated the re-
corder’printer into the display conscle below the
plasma display. Placing the recorderprinter below
she plasme display was not aceeptabie for three ree-
sons. First. the paper would spiil into the technician’s
ap over the keyboard. making operation of the flight
inspection equipment difficnh. Second. the plasme
display would need to be raised. potentizliy to an un-
comfortable viewing angie. Third. it would not be
possible to reduce the height of the console contain-
ing the piasma display o allow for furward ’r.'itwing

The accepied desion 2Pows for fonwvard viewing due
te the reduced height of the display console.

The revised design places the specrrum analvzer
i the flight :nspeciion rack, where 1t can be easily
viewed. The event marker was smnoved 1o a lower po-
sitior near the kevboard so that 1he armhand has 2
place 1o rest. A pronision was made in the display
console Tor document storage. The cop holder was
moved so that it does not reduce writing space. The
edpes of the werkstation sheives and pullout writing
surfaces were rounded t reduce the likelihood of in-
iery. The headphone Jacks were positioned tothe right
side of the technician’s worksiation. All usable win-
dows (those not covered by flight inspection equip-
ment} were added.

Three additional 1ssues were rzised. First. illyma-
nation provided by the proposed '.e::::ne fixtares was
determined 10 be insuificient for meeting the \p&.n-
cations detziled on page 6. section ~-3.2.2 I ofthe
FIA Specificatien Decument. Additionally, the higha-
ing was insufficieni. aceording 1o the MIL-STD-
1472D. The proposed lighting provides minimalread-
ing hight { r commercial aireraz. Subseguentiy., the
contractor upgraded the {ighting fixtures to meet the
requirements of the FIA.

Sceond. the writing surizce beiow the ploner(Fig-
ure i1} did aot provide sutiicient writing space for
ihe wohnician. The confracior increased the size of
the writing space from that shown by the solid lines
to that shown by the dotied lines.

Third. the instrument pedesial betwoeen
pit seats provides no protection Torthe ecul p
personnel Curing rosting ingress and egre o?" e

cockpii According o the sperification of .he Flaen

‘..u

..a

Mo
X%

page 23, Section 3.3 3. the cockpit shali be designed
using MIL-STD.1472D 25 a guide. Tn that document,
Secrion 5.14.3 {Personne!] Ingress and Egress) part .2
{Hsndholds and Footholds). it spectfies “suitable
nandholds and footholds shall be suppiied where nec-
essary.” Additionally, in the General Rﬂquirﬂnentc
Section 4.4 of MIL.STD-1472D it specifies: 4.4.i;
“Safe and adequate passageways. hatches, ladders.
stairways. platforms. inclines, and other provisions for
ingress and egress, and passage under normal. adverse,
and emergency conditions” shall be provided. In Sec-
tion 4.5 it specifies: “A fail safe design shall be pro-
vided in thosc areas where failure can cause catastro-
phe through damage to equipment. injury 1o person-
nel or inadvertent operation of critical equipment.” It
was suggesied 10 AVN thai a protective cover be pro-
vided for the cockpit pedestal. The contractor was then
directed by AVN 1o design and install a protective
cover Tor the cockpit pedesial.
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