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1. SUMMARY AND CONCLUSIONS

1, Irn this study £he principles of job anslysis and of time and motion are
spplied to tho tesk of flying s wulti-engine alrcraft, the R5D {the Navy ejuival.
ent of the C-54 ov D0-4), Cinematographic records and voics recordings were mads
by two aviation psychologisie during scheduled flights in July and August of 1946.
These records are snalyzed to determine if the methods used currewtly in industry
ars productive and practiceble when applied to piloting.:iw’

2. The cockpit of the RSD is divided into seven genéfal vork areas as a basisa
for anslyzing motion pathways. Each control 1s described, w»ith detailed considera-
tion glven to 1ts location and to the extent of pilot’s exrm ana body movement re-
quired for operation,

5. Photograpnic records of various phazes of the flights were subjected to

frame by frame study and process charus are presented for the pilott!s and co-pilot's

performances with tihe time rejuired fer each operation indicated.
4
ing the frequency cf use of controle by pilot and eco-pilot during take-off, cruiss;

and landing,

5. The investigutions were not designed to ~ccumulate sny cousideruble wnuint
of quantitative data, but rather to test the ayplicubilit, cf this metiivd of study.
However, the data obtained are sufficient to suggest the foliowing conclusions:

a. The task of piloting cau be subjected to time and motion analysis similar

o that used in industry. By the application of such methods much can be

Jearned about the pilet’s operation of the various conirols and instruments.

b. Moviag pictures and voice recordings give permanent, objective, and des-
criptive records which can be studied in the lsaboratory for establishing

the motion pathways and the times required to operate the controls.

4, An analyais wuas mede of ths voics recordangs end caarts are presented show-
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8.

Moviag pictures are useful also In studving the coordination of duties of
pilot and co=-pilet.

Check-off procedures can be improved and simplified by systematizing and
standardizing the sequence of operations.

There is an unduly heavy work load on the right hand of the pilot and om
the left hand of the co-pilot. This msy create a problem in the transfer
of akills, where the co-pllot, who has been using primarily his left hand,
is moved to the pilotis position.

There 1s an wequal divislon of tasks between piloi aud co-pilot during
certain phases of flight, and considerable variation betvieen pilots.

The maximum arm reach of a group of Navy pilots is given and compared
with the distance from normal flight position to varicus points in the
cockpit, It waa found that the pilot is often required to operate cone
trols located as much as 15 inches beyond his finger-tip reach., Such
operations require considerable trunk movement, with resulting bodily and
visnal displacement from the normal £light positicn,

The stimuli or cues which elicit the pilot's responses in operating the
controls are identified as visual; auditory, kinesthetiec, and %emporal,
0f these the visual and temporal are found tc be relied upon most fre-
quently.

Recommendations are made for extending the invuatigation, and improvemente

in the recording equipment &are suggested.

7.

The implications of such an extended investigation for design of cockpits

and training of pilots are discussed.
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I1I, PURPOSE AND SCOPE QF INVESTIGATICN

The project was designed to permit observation and recording of cockpit pro-
cedurass, flight patterns, pllot reactions, and operational flight problems. The
scops of the present report includes a discussion of the applicstion of time and
motion methods srd job analysis technics to the task of piloting, analysis of data
cosicerning the pilot®s use of ths verlous instruments snd controls, und Lhe iwmpli-
cations of the findings,

The idea of subjecting the pilot's tasks to a job analysis, with its relsted
prineiples of time and motlon, is not new in the field of aviation research, For
many yeers specialists in this field have desired more definite informatign about
the performances requirsd in piloting aircraft,

As pointed out by McFarland (1), there is a need for ®an investigation of the
nature of {the pilotis)tasks, the surroundings in which he works, the location of
instruments and controls and the way in which he performs his duties®., HcFarland
recommends ¥that time eand motion studies be made in the preliwminary design of air
trangports to determins the precise dutles of each ¢rew member and the time avail-
alle for carrying them cut during the most important manesuvers such as take-off
and landing®, A search of the literature reveals that only a very limited smownt
of work hag been done in applying time and motion methods to the task of piloting.

Herlan and %ood {2) made a preliminary but detailed study of all the co-pilot'’s

movements durdng and after a landing. They recorded these actions by means of a

motion plotur: camera, A subsequent snalysis, which was concerned with only the

number rather than the type of movements, showed that these vary from one every 1.8

gecoads o one every 3.0 saconds, depending upon the position of the plane in the
vericua zones of tha standard landing pattern.

R, S. Johnson {3} of United Air Lines deveiocped an effective method of intew
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grating the various duties on t.e rlight deck. His procedurs consisted of arranging
the operations performed during each phass of flight in the order which permitted
the simplest and smoothest paths of moverent, with a division of the tasks between
the two flight officers. These flight scripis wers then placed on an instrument
termed the ®flight coordinator® and installed permenently on the contrcl pedestsl
80 that pllod and co-pliot could follow a standsrd routine of operation. By so
systematizing the flight duties, Jokmson found that he could effectively reduce the
time required to carry out the performances during various phases of flight., For
example the time needed for engine rum-up wus shortened from 9 minutes to an aver-
age of 2 1/2 ninutes. It is evident that reductions of time and effort may be ef-
fected by the introduction of a systematic seguence of operations.

If only the mechanical aspects of the pilot’s task are considered, then an
incomplete picture will be obteined. While i% is not the purpose of this paper to
copsider the human factor in terms of physiological changes, such studies will have
ta be made. A preliminary and interesting investigation of this problem was carried
on by Lieutenant Ralph E. Kirsch, (MC)USN (4), who studied the physiological changes
of aviators during actual combat flying nver enemy~beld territory. Changes were
found in pulse rete, respiratory rate, blood pressure, axillary perspiration, and
paln and skin temperatures just preceding and during the flight over the enemy tar-
gets, This investigation indicates the value and feasibility of making studies of

the military pilot performing in his normsl work environment,

<
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1V, PROCELJRES OF THE INVESTIGATION

The task of studying the pilot in his navural flight environment is not casily
accomplished by non-flying personnel. To establish good rappert prior to the se-
curing of data, it was necessary to meet with eech flight crew ocnd to explain the
purpose and method of the investigation. ¥hen the pilots and crsw fully understood
the reassons behind the investigation, cooperation and assistence were immedistely
secured, it was evident that the men who fly the aircraft vere acutely awere of
the need for a study to improve the work place of the pilot.

During the study, the investigators flew two non—-stop cross-country flights
from Yashington, D,C., to Oakland, California, several training flights at Moffett
7ield, California, and flighte into Alaska and the Caribbean area, Observations
made during these rlights afforded the lavestigators a gemeral knovledge of flight
procedures which are essential in analyzing and interpreting such data. The fact
that the investigution wus restricted to regularly scheduled flights imposed cer-
tain limitations on the use of recording equipment., It had the advantage, hovever,
of insuring "charscteristic® conditions of flight which might have baen subject to
unintentional medification in purely experimsntel flights simulating routine opera-
tion,

Photographs of the pilot?s performance were secured by using a Ciné Kodak
Special, l6mm. camera, with Super X and Super XX panchromatic film, operated at a
speed of 8, 18, or 24 frames per second, This cemera is spring driven and runs
continotsly for only 1 1/2 minutes (50 feet) st each winding, when the 16 frames per
second speed is used, It is equipped witl a 100 ft. magezine thue allowing for
photogravhing only iwo short sequences of operations before reloading. A wide
angle lens was used and photographs were tsken at a point approximately 4 to 8

fest to the rear of the cockpit, with and without the use of a tripod. The use of



the tripod and fixed camera w.s dispsnsed with early in the study as it proved im-
practicable for the quick changes in camera position needed to obtain pﬁbtographe
of the pllot's actions,

8ince the photographic equipment did not enable the observer to record contin-
woualy the operations of the pilot for more than 1 1/2 minutee, it was necessary
to supplement cinematographic recordings with observational notes, To accomplish
this, the observer used the wire recorder to provide a permanent record of his
commentary or the work performed by the pilot and co-pilot during longer periods
of flight.

Voice recoraings wers secured by a General Electric airborne wire recorder,
operating at the standard aircraft voltage of 24-28 volts D.C, This appuratus was
equipped with spescial lip microphones and standard voice microphonee. The input
%0 the wire recorder came from the intercommunication junction box of the plane,
and a second input from a regulation carbon mike which could be keyed into the
circult by the investigator. Headphones connected to the output circuit of the
recordsr enabled the investigator to hear and select informatiorn being recorded,

The alrplane most frequently flown was the Navy RSD, & transport airplane.
This plane is a four-engined, low-winged monoplane; with a tricycle landing gear,
Accommodations are provided for a crew of six: pilot, co-pilot, radio operator,
navigator and two relief crew members. The plane is designed to carry either cargo
or troops. Yuring the period ¢f Iinvestigation, most of the flights were mads with
only & pilot and co-pilot, but some runa ware sugmented by & radio operator and a
third relief pilot,

Moving pictures and/or voice recordings were teken of the following flight
phasess 1) visuel inspection of the airplane exterior, 2) cockpit check-off prior
to motor starting, 5) motor starting, 4) check-off prior to take-off, 5) take-off
and climb, 6) cruiese, 7) let~down and lending, and 8) taxiing to line. In addition,
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moving pictures were taken of the pilot operating each control separately, sterting
from the basioc flight position (hands on the control column)., The latter saries
of films were teken with the plane on the ground, and with special lighting equip-
nment installed in the cockpit.

A curgory examination of the motion pictures indicated that certein sequences
muet be subjected to a frame by frams analysis to provide complete information
ebout the use of controls and the time required for their operation. For such en
analysis & projection must meet the following requirementss

1. Enlarge image sufficlently to facilitate reading and visusl scanning.
(approximsate size 12% x 12%),

2. Provide for revsrsible operation.

8. Provids for continuous projection of a single frame without burning.

4. Contain a method for coumting framss or timing, By counting fremes the
time element is standardized provided the camers has been run at & com-
etant speed, (1000 frames/min.),

5, Provide a cross grid over the projection screen to facilitate the mpasur-
ing of distances of various movements.

8, Provide for variahle spesds of projection.

7. Provide for centering and focusing the imege.

These requirements were meit by a modified Hovicla projsction apparatus.* The
modification, which is essily made, consisted of mounting a microswitch to the
machine so that an electrical impulse could be obtalnsd for each frame that moved
tarough the projector. By ccuneciing LWo counters wilh appropriate switchss and
batteries into the circuit & rumning total of the frames viewed could be made at
any point in the smequencs. If it became necessary to reverss the film, the first

counter was shut off and a sscond counter started. This seccnd counter reocorded

Wlanulactured by the Moviola Qumpany of Hollywoed, Galifornis.
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the number of frames thet the film ren in the reverse direction, thus meking it

vossihle to return to the original stop.ing point and restart the first counter,
Such a procedure insuresz 2 high degree of accuracy in determining the perform-

ance cimes of pilot and co-pilot since interpretation and measurements may be re-

peatedly checked by the same or by a second observer,
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V. DISCUSSION OF RESULTS

A. Work Areus

Then the cusuanl observer stepys intc the cockpit of u plane such as the RSD,

? he is confronted with a maze of instruments and controls. From this upparent con-
fusion of gadgets the pilot is required to select and use various combinations of
these instruments und contruls during any specific flight phase. Further difficulty
is introduced by the fuct thut there ure several models of this plane: R5D-1; -2,
-3, and -4, which have slight variations in the cockpit design and arr.ngement.

For the purpose of studying the locution and use of ths instruments and eon-
trols the cockpit was divided into seven general work areas, (figs. 1~7). Ths
delinsution of these areas wus bused ugon the A5D-2 cockpit and with minor changes

may apply to other types of wirplanes as wsell.

LREA 1.- Control column, rudder and brike pedals:

2’ Tae zeneral work area 1 (fig. 1) was selected as the basic {flight positlon in
waich the pilot is ssuted with hands on u contrel columa or y.ke directly in front
of him and his feet on the rudder contruls. wsiost of his movesent patiirns origin-
ate frem this position.

The control column consists of a three—quarter wheel open at the top to provids
clear vision of the muin instrument panel uirectly inm front. Ths coilumn is moved
fore and aft for operation of the asain elsv.tor surfuces, and the whesl is turnsd
elockwise or counter-clockwise to operave the wilercns. The other controls mowni~
ed dumn ure 2 smell switch 3o oporiis the mike {oo soms models il
switch is used to operute a swsll sockpit spotlight), and two fluorsscent spot

- lizhts woich eun oo focused on the imstrument junel. The iudder coatr.ls with

standard toe-truke nti.chmeat urs ioeutea direcily in front of the normud seuting

positi.ng of the pilot uad co-pilot. The rudder surf.ces are operutcd by extersicn

36
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WORK AREAS (cont'd.)

Fig. 5 (Area 5)

Fig. 6 (Area 6)

fain Instrument Penel (upper portion) Upper Instrument and Switch Ianels

Emergency Controls

Pig. 7 {Area 7)
Side Control Panel

Fig. 8
Typical Pilot end Go-Pilots' Aotions
in Areas 2, 3, and 6.
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and flexion of the legs, and the brake controls by like action of the feet with the

heals resting on the rudder bar.

AREA 2.~ Control pedestal (upper half):

The control pedestal 3g centered on the deck between pilot and co-pilot. Arca
2 is composed of the upper half of the control pedestul down to and including the
servo control for the automatic pilot (fig. 2). It contains approximately 28 lever
type conirols moving in the fore and aft vlane, 16 knob type controls moving clock-
wise and counter-clockwise, 6 toggle switches, 4 cranks, and 1 wheel. The controls
in this urea ars located to the side and forward, and at approximately waist level
height from the sitting position. They are reached by a basic pattern of movement
in which the arm is partially or fully extended forward to the side and slightly
downward. Some operaticns require, in addition, a forward and lateral flexion and

votation of the trunk,

AREA 3.- Control pedestal (lower half):
This ares comprises the lower half of the control pedestal (fig. 3). The con-
trels exs mostly lever type or toggle switeh type moving up or down., There are
epproximately 17 levers, 3 swiitches and 1 wheel. Thess controls require full aym

extension downwarda at the sgide with Yrurnk beanding to the right.§

AREA 4.~ Ualp imstrument pansl:

This area (fig. 4) includes that portion of the mein instrument panel directly
in front of tas pilot, The distributlion of ipstruments is such that the besle
flight indicators are duplicated — one get dirsctly in froant of each pilot — with
the manifold pressure, R.P.M.; fuel pressure, oil pressure, flap indicator and gsar
poeition indicators centrally mounted on the panel in back of the control pedeatsl.,

Host of these are indicators which rscuirs a visuz=) check but some require an oc-

“Hotutions ®right® and ®left¥ refer to pilot; so-piiot movements will be in the oppo-
site directicn. 13
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casional mapual adjustnent.

There are 12 knob type controls operazted clockwise end counter-clockwise and 3
wheel type controls operated in the horizontal pleme. To operate the controla re-
quires a full forward extension of the arm and s partial flexion of the trunk. To
reach controlsa in this area may require counsidersble Jdeflection of movement around

the control column or pedestal.

ARFA 5.~ Main instrument panel (upper portion)s

Area 5 (fig. 5) is located directly above the main instrument panel and ex-
tends horlzontally along its eutire length. It contains the €0, fire extinguisher
system with werning lights and control handles, and emsrgency air breke controls at
each end of the punel. In the center of the panel i the rudder trim indicator;
directly above which is the rudder trim control wheel.

This area has 8 two~-finger hook type burs and z circuler knobs, e]1 operated

by straight push oxr oull action, and & rudcder trim control wheel whch is opercted

ty cight or ieft turning motion in the horizontai slane. All operations require

a full extension of the urm forward at shoulder level with partial flexion of the

trunk,.

AREA 6.- Pilot's upper instrument and awitch panels:

This area is located in the forward center section of the overhead (fig. 6).
It contains the electrical switches and indicating instruments end the balance of
the engine-operating instruments. Operation of these conirols requires a trunk
flexion and a forward and upward arm extension. There are 18 rotury kuobs and two
cranks moving clockwise or counter-clockwise, 48 toggle switches moving up and Jown,

4 push button type of controls, and 1 knob type control sliding right and Left in

the horizontal plane. (This last coutrol is peculier to thz R5D-1 model.) The 4

feathering switches are opereated by straight push moticn.
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Viaualrgagle

Figure 8., -~ Cirsular work-place arsas

cushions of the back ped. HMaximsn reach distuncas were recorded for 99 points st
various heighis and angles arsund the pilot. Date are pregested showing reach dis~

tances which are maximum for 507 and for 95% of the population studied.

These baslc meaiurasments have been agplied to the R5D cockpit arrangement,

&

.

but in doing so consideretion hed o be given to the adjustment of the pilotis geat.
It wag fousd that in the R5D airplans the se:ut may be raiped or lowered 5 inches and
moved forward or backward & inches to accommodate oilots of various haighta. For
purposes of comparison it was assumed that the mid-peint position of ths seat is
ussd by ths majority of pillots; thus neasurements in the cockpit were taken with
the geat in this position. Therefore the meximum correction for extreme pcsitions
willi be approximately ¥ 3 inches.

¢ was not oomnsidered practicel for the present study to messure the distauce
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of sach control from the rsfersnce line estabiished by King. Instead, measurements
were taken to the mid-point of each area, and were compured with corresponding
measuraements developed from his data. Tuble 1 shows the actual distences to the
eres mid-points in the RAD, and the corresponding distunces which are meximum for
50% and for 95% of King's group.

It can be noticed thubt only aree 7 falls within the meximum reach distances.
Areas 2 and 3 ere siightly beyond, and areas 4, 5, aud & are well beyond the maxi-
mum distance reached by even 53% of the group. Furthermore not all controls cen be

operated at these maximum finger-tip distences, since many require various types of

hand grasp.
Table l.~ Meximum reach data
Distance Maccimuni Maxim
required to reech® for reach  for
reach area 50% of 95% of
Ares. mid-point populetion populetion
2 36 inches 32.0 inches 27.5 inches
3 ”;T 0 25.0 ® 20.0 n
FA AL om 30.0 ¥ 25.7 A
5 38 = 31.3 n <7.0 n
6 26 n 7.0 w 11.0 =
i 23 » 30.5 *® 27.0 *

Mieximun reach distances sre measured to finger-tips

Such undesirable discrepancies between maximuwc reuch znd required reachn are
strongly confirmed by observetions during flight whea the pilot is seen to mske ex-
tensive body movements. He is often required to bend forwerd or to the side in or-
der to reach and manipulatc the contrcls. In the followin, section, the nccessity
for such body movements wiil oe further demonstirated by an ana.ysis of photogra hie

records,

18




C. Basic Pilot Movements

®Motion study consists of dividing work into the most fundamental elements
possible — studying these elements sep.ritel; and in relation to one ancther; and
from these studied slemenmts whep timed, building methods of least waste." Tais
definition was formulated by the Gilbrethe (7) who modified the original work of
Taylor (8) and later standardized the fundamental movements into what they called
®therbligs".

Various motion and time study engineers have used 17 to 24 therbligs to class-
ify the basic types of movements. These specialists believe that within certain
limits the times required to perform a specific basic movement are consteut and
that the correct motion and the right time to perform any complex operation may be
determined by the sum of the times required for the basic movements.

Application of such methoda to industry has increased output without imposing
additionsl stress or effort. Expecislly is this true where the task is of o highlv
repetitive nature and where veriaticns from a routins sequence of operations scldom
occur.

It would sppeur that when a tusk becomes morc vari.ble and more highly akilled,
and where judgments and intervretations are required, a camplete job analysis
embodies more than & summation of a grou, of basic movemerts. During flight; the
reactions of the pilot to the total situation must Le considered. The assumption
that the job of piloting cen be synthesized from a summation of such simple bezsic
movement elements as therblips is contradictory to the results of muny experimentsd
on the ecquisition of motor skills.

As the first step in analyzing the pilot's performance in the cockpit, the
motion pictures taken of the operation of cach control were examined and the nmove-

ments involved were described in detasii. The information obteined is presented in

1y
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table 2. Column 1 of this tavle rists the name of the control. Column 2 gives the
work area in which the control is located. Column 3 indicates the type of stimulus
vhich acts as a cue in eliciting the pilot's operation of the control. Four types
of ocues hsve been consldered:

1. Visusl.~ This may involve such things as indication on flight imstruments
(e.g. air speed and turn and bank indicstors, altimeter, compass) or cues
supplied by the externsl enviromment.

2. Auditory.- The sound of the motors may act as cues for operating certain
controls; other cont.ols are operated upon verbal comuand.

3. Kinesthetiec and tactile.~ The "feel® of the controls or the bodily orien-

tation often ~rovide the cue,

4. Temporal.- Operaticns may be performed at pre-determined times in a

seyuence, in whicn case each operztion provides the cue for the next one.

It must be emphasiced that the pilot's performance is not u sim_:le rettsr of

respending to a single stimulus, but rather a metter of interpreting the various
conbinaticns of cues which he rec2ives, relating them specifically to fright exper-
lence, and integrating them into a successfui response or series of responses. The
pilot is continually recuired to meke judgments and decisions during the fiight
operations.

Column 4 indicates the classification of the motions of the upper extremities

ard trunk involved in the op:ration of each control, eccording to a commonly used
syetem (9). It is often assumed in time and motion study that the fewer the number

of movements, the less amount of energy expended; and the smaller the arei of the

oody theat is at i.ork, the less the {atigue that »iil be expcrienced. As pointed out

oy Mcore (10), this assumption is not true in all ccses. The exception r«sults
when small miscle groups ere performing at a low degree of efficiency duaz tc supra-

optimel loading, or to excessive retes of coptraction. It was not the jurusose cf
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this study to make a quantitative estimate of the work involved, but, rather to pre-
sent an analysis of ths pilot's movements. For this purpose the following six
clapsifications were used:

1. Finger motion alone )

2. Finger and wrist motion.

3. Finger, wrist and forearm motion.

4. Finger, wrist, forearm cnd upper arm motlon.

5. Finger, wrist, forearm, upper srm and shoulder motion.

6. Finger, wrist, forearm, upper erm, shoulder und trunk motion.

The sixth classification is not commonly used in describing the movements of
the arm, Wit was {reguently observed in this 8tudy.

Columns 5 and 6 list the diatance to each control from the besic flight poasi-
tion {hspds on ycke) for pilot and co-pilot, and the hand used in its operation.
Whera & control is usually opsrated by one of the pilots, the respective space for
the othor pilot will be left blank, Column 7 describes the sequence of movements
required to operate each comtrol starting frou the basic flight positionm.,

A summation of these date is presented in Table 3. %

Table 3
Summary, by ares, of motiveting stimuli, movement distunces and hand used

Area
2 3 4 p) 6 1 Total
No. of controls in area 14 10 9 4 19 4 én
Ho. of controls which may be
operated in response tos
Vigual stimulil 14 9 9 4 1 3 53
Avditory atimuli 5 2 1 0 3 1 12
Kinesthetic stimuli 3 2 O p o 1 8
Temporel ssquercs BUA 10 9 z 19 4 58
Average distance of movement for:
Pllot 12,6 {30.4 |21.7 [16.8 |34.9 |21.5 *
Co-pilot 20.6 31.5 [20.0 |17.5 |33.32 [25.0 /
Hand useds Pilot 13 R 9R 7R 3R [15R LT R
1L 4 L 5L
Co-pileot 5R 2 R 1R 3R |11 R
i3 L 8 L 2L 1125 5L
25
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Tablec 2 s1d 2 reveal the following Informution:

Nearly every o.eraticn is elicited by visuzi ard/or temporal cues. Auditory
and kinesthetic cues are reiied uyor less frecusntly, but still to & scignificent
degree. Cues for the operuticn of a single contrel may be recelved through amy one
of the sensory receptors or the coriox, or by any combinettion of thess sensory (or
cortical) im.ulses. Furthermore, uny single receptor is receiving rapid intermittent
burats ol stimuii from various instruments or from the enviromment. Thus the pilot
is presented with a highly com;lex problem of selecting cues requiring respouses in
the order of thelr immediute importulics.

The overlouding of the visual receviors has elready been recogniczed, as evi-
derced by a previous study (11) in which an cttempt was made to develop a system
for instrument flying where more use wos mude of auuitory cues. The frequency of
use of temporel cues indice.es the necd for cockpit standardizatlion, training,and
sim.lified procedures of ounerativn. Future develo_.ment of imstruments should be
directed townards wussisting the pilot to integrate hieg informetion without adding to
the number of cues he must res.cnd to. This might be accomuiished by combining
into & sipgle instrument cues which are at present furnished by several.

The distwnce thut the pilot or co-pilot must move his hund from the yoke to
reach the controls may vary from 12 inches to 41 inches. Furthermore 57% of the
controls require some trumk movement to operate. Soms pilots may not choose to
operzte the more distunt controls but may delegute such duties to the co~pilot.
This was observed to be a metter of individual pretference.

Of the 52 controls which are operuted by the pilot, 47, or 90%, reguire the
use of the right hand. For the co-pilot 76% of the 46 controls which he operates
Tequire the use of the left hand. This uneven loading is more seriocus for the
co-pilot since in most casesc the left is the non-preferred hand. For ease of oper-

ation the totst load should be dimtriputed as evenry es possible to the various

25
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body members (12). It is evident that the arrungement of controls in the B3D doss
ot provide for an even diatribution of load.

The forces required to overcome the resistence in the initiel opsration of the
controls are important considerations (13). The veriabiiily of such forces is alse
relatsd to the sequence in which the controls are operated. Where two controls
operated in guccession differ greatly in the forces reguired, there may be consider-
able overshooting or undershooting of the second adjustment. In thie study no duta
were obtained regarding the forces required to cperate the controls. However, the
importance of this factor should not be overlooked, and such information should be
obtained in future investigations.

D. Flight, Phages
In the previous sections the operations of the various controls were described.

It 18 now desirable to consider how these operations are integrated by the pilot
end co-pilot during the many standard {light phases. The basic data were taken
from the series of motion pictures of the pilot and co-jyilot as they perfurmed
their duties during the normal flight. Since it was necessary to establish time
values, only ths films taken at 16 frimes per second (960 per minute) were used.

For the purpose of analysis, it wac assumed thet each frame represgmted .C01

mimites, thus introducing a slight constant underestimation of time of about 4%.

Cockpit chsck-off

Upon entering the cockpit of the R5D, the pilot checks the settings of meny
of the controls prior to starting the enginea. Table 4 lists the controls in the
sequence in which they are checked off according to standard NATS procedure, and
the work area in which eali control is loceted. In practice it was fourd that some
pilots actually make a .hysical hand check of all of ths listed controls while others

do most of it by visual inspection. The normal procedure requires the co-pilot to

s



Table 4.~ Cockpit check-cff prior to sterting engines

Prescribed NATS Segueiace

1. Battery 8sitch & 16. Em. £ir Pressure o*
2+« 1pptrument ¥ & 17. fuel Gauges 0
3. Wiag Tanks 2 18. 0il Gauges 0
4. Carbureter air 3 19. Gyros & Altimeter 4
5. Cross {eeds 2 20. Pitot Static Valve 7
6. Brakes, Purking 3 ~l. Cenerstor 6
7. Propellsrs < 2. Puel Booslers 6
8. Auto pilot 2 z3. De-Icers 6
S, Hixtures 3 <4+ Ignition 6
1G. Gear handles 3 25, Nav. Lights 2
11. Ving flaps 3 26. Lend Lights 6
12. Blowers 3 27. Redic check 2,6,7
13. Cowl Flaps 3 28. Inter Phone Cheek 7
1. Hydraulic By-pass 3 29. Plene Doors 6
15. Emergency Gear extension 2 30. Inter Phone Check List 7

# 0 indicates that the instrument is outside of the pilotfs work area and is usual-
1y checked by co-pilot.
read off the list, while the pilot makes the wctual mamual or visual checks. Sim-
ilar check-off procedures are rcquired during other phases of flight, such as prior
to take-off and landing. It was observed durieg the investigetion that these check-
off procedures are not always followed, and that even when followed, they ere often
varied according to the individual pilotts preference.

Teble 5 is a process chart based upon cinematograpns of the cockpit check-
off prior to starting engines. ¥+t is drawn according to a time scale and shows &the
operationg in the order performed, the hand used, the work ares in which the con~-
trol ie loeated, and the time required for the operation. A comparison of teaibles 4
ond § ghows that the operations as sctually performed vary somewhat from the stand-
ard NATS procedure. The times noted for the checking operations during this par-
ticular phase may be expected to vary considerubly, depending upon the condition in
which the controls are left after securing, servicing or maintenance work.

Figure 10 is a schematic diagram pleturing the paths of movement reguired by

the present check-off procedure as prescribed by SATS. The path of movezment ori-
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TABLE b5, PROCES8 CHARY
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TABLE 5.

PROCESS CHART (cant'd.)

PILOTY

C0.PILOY

Sequence of Operaticas

Used

Fork

Arey ation

ation

Em’x‘ Hand

Tox Used

Sequence of Operations

/& Observes

.0¥g

19 De-r1cers

. 039
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ginates in area 1 when the pilot raises his hand to operate the bittcry switch in
area 6, The arrows show the pilot's prth of movement between the verious work arsas.
It is apparent that there is considerable and peedless movememt back and forth bet-
ween areas. Figure 11 shows a simplified path of movement which might be develop-
ed by rearranging the order of check-off operations. In this simplified acheums,
controls 1n any ons area are completeiy checked before moving to the nsxt ares,
thus providing for e more smoothly flowing path of movement. Furthermore, the or—
der of checking conmtrols within ewch area might be stendaruized to reduce the like-
lihood of comissions during the check-off. This presupposes the necespity of main-
taining the arrangement of controls as they alrecdy exist in the tockpit. In the
finsl anslysis, simplifyirg of operations must be accomplished by modificstion
either of existing sequences of operations cr of existing loceticn of controls.
Before recommendations are made for changing the location of controls, fur-
ther studies of the motion pathways occurring during more critical phases of flight
should be undertaken. If operation sequences are found to be standurd, aircraft
designers may use such information for placement of controls to provide for smooth

motion pathways.

Engine start

Table & is a procesa chart of the operations of pilot and co-pilot during the
starting of the inboard engine #3 on the co-pilot's side. These operations are re-
peated for the starting of engine #4, and there is practically no deviation from
this pattern. Time factors will vary somewhat depending on the ease with which the

In well integrated teams; the pilot will change duties with the co-pilot in
starting engines #2 and #1. The change allows the pilot to have more freedom in
observing the engines on hip side for fire hazard and personmnel clearance. If Ef

1
contimied to handle throttle and mixture controls, and the co-pilot the starting
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PROCESS CBART
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RAtg: Juie 18, 1946 Typs of Plaug: RSD Flight Phase: Starting engine
Plagas Moffett Field, Calif,

Hight Conditiona: On deck

PILOQT Co_PILOT
Time (Minutes)
Fach wach
Hand|WorkiOper— |Cunu~ |Oper-|WongHand
Sequence of Operations Ussd|Areslation [lative| ation Areégsed Sequence of Operations
Turns on :gn/f/an R1 ¢ | adgl- "
swilch s Tdle
c")ECkﬁ' eneralor » 4.738 Looks oul otc slar-
é sweleh R1é 058 board window
JO A
Calls For engine starl, 072
:-'/5 -
Idle 0S5 ol L frimas engine with
-~ 20 1083 first f/ngﬁf‘
Closes Ehrollle L] st .0364_3“?5“
e 30 -
— 35 Places £irst and
— 4420l 0 L second Finfaer on mesh
L 4o -] and starter Swilches,
Ldle .390 ,.' . presses starter swileh
Kads i
- vl )
f:
--‘50 -]
.55 -
N
65
; 3 i LT85t b L L | Fasses mash swilch
Ad vances throttla L]+ ysaf 7o
and shifts mmxlurei R | 2 L. .
control 75 .
‘ ot 16 1 L [Releases mesh swi tch
-, $0 -
ores Throllle S/iOf‘tSf&!‘tS L]l 2 }.a89- -
-85 -~

g e eI
e

~—
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TABLE 6,

PROCESS CHART (oomt'd.)

PILOT

00.PILLOT

Hand} Work] Oper=| Cumu~ {Oper= | Wo
Used| Ared ntionllativelation |Ared

- Time (Minutes)
Each Bach

Han

Used Seausnce of Queraticns

3o -

Retwras hand Eo
rest fos:f‘fon

R L

-, 90

- e

AE3.95 -

315

Lele.
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o e
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switches, neither one could rezdily observe the actual starting of engines #1 &nd

#e.

Tables 7 and 8 are process charts of the pilotfs and co-pilot'!s operations
during two normel daytime tezke-offs. Examination of Tuble 7 showa that there ap-
pears to be a well distributed work load between pilot aud co-pilot. The pilot
hag delegated most of the operation of engine contrcls to the co-pilot, leaving
himgelf free to control the attitude of the plare. The pilot makes 5 adjustments
and the co-pilot 13, and there appears to be sufficient time for both pilots to
make their required actions. In contrust, Table 8 indicutes that the pilot did not
delegate the duties so well. For this take-off the pilot made 25 conmtrol adjust-
ments to 19 for the co-pilot.

This variation in distribution of work bhetween pilot and co-pilot indicites
that further attempts should be made to standardize take-off procedures. The var-
iation in the total number of movements for each tesm may or may not be significant
since the detailed pattern of movement cf a pilot msy vary ccnsiderubly with moder-
ate differences in envirommental conditlions. The over-all similarity of the se-
quence of operations during the two-take-offs gives promise for stetistical apmly-

gses when sufficient data are :svailable.

Lendin

The work does not appear to be evenly distributed between pilot and co-pilot
during normal straight approach landings (Tavles 9 and 10). The pilot is contim-
ously operating throttle, trim tabs and control column. The co-pilot is occupied
meinly with adjustments of flap controls, lunding gear, and sometimes throttle and
propeller, buf he appears to be idle for a consideruble portion of the time. How-

ever, the landing operation is such that it is necessary tor one person to integrate

33
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TABLE 7«

Frocy,lo CHART

54

Dake: July 3, 1946 Tvope of Plope: 5D Flighl Phase: Taie-oft

1i Places Osklend Naval Air Station Flight Gonditions: Formal deylight take-off
| R -
| 2iLQ7T CO_?PILQOT
ng.m‘ sinut ﬂ;..,l__.“ ] !
Each pach
Hand| ¥orl Oper- Cumu- [Oper— WorkHang
Sequence of Operations Used Ares] ationjlativejation |Areslyged  Sequence of Operationa
Hand on EArCETIR fof mmmdodekldal. BaE -
ddvanca n N | ZTdle
Laft hancl on stearia Uﬂu,‘i
, = 05
% Moves hand fo contreol R 1 Ves - 4705 21 L 0/"@/‘5{‘?5 throtlle
| column - o -
i 2% __3&_ [ '.?;.::_l::: b v P> 40 [0 K
l T~ ] Vetos cetdy aredd lec b
| -5
| -
% el 3 Reaches For ecar handla
i B .50 2 L | Holds hand en gear handle.
i 25
5 !
’ Places both hands ~.30 ~ 3
| LRI 1T 432 ~
on control columan - - i
. 35 - ,
| !
™ g YR L LPu//c wp bear handle.
" 7(0 | oRol & L feleascg bensign fock cn AP
‘ i
o~ - |
§
~ 45 - 1o+ ' 2 L | Makes RPM chockh
- “ !
i
- 5% - ;
B Tl ovéE| 2 L l/n/oc ks throttle tension
S5 Jock
Checks Flaps orgears| B |3 | 026 | 03! & | R | Adjusls throtlies
o d padl 2 | L |Checks throttle Lansien Jock
TLD T 0o a | L | Makes Rpmc?d'usfmanf
Retwrns hand Zo ] | agol - L
Cof)tl‘o/ eo/u mn
- 70 +——
. /5 8701 3 L | Reachos for f/;q,: band le
_ g0~ 00| 3 | L | Rarses flap hanale
Act: TREEZ - FOELARS
- ~4.0R%} 81t flca;}ogdsugl?, 1o paslrsl
&5
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TABLE 7. PROCESS CHART {cont'd.)
PILOT 60 -.P1LOT -
{Kin |
5 Each Each
Hangd[Work|Oper- | Cunu- | Oper-| Foriiand
Sequence of Operations |UsediAvea|stion[lativel ation|Aredlsed] Sequence of Operations
- 90 0971 3 | L [Hand laves f/a,a handle
Adjusts elevalor trim R 12 loessl -
- 75 4 0l4] L Yoves hand to @rm rest
] ) o) & L Rl Starts gcner.at'or\ check
=~ [.00 -
- }
lMoves !;dal)ff,:: control R || 243 i vy n - Ret;:,;.srl‘ii_t hand ¢0
-#05 4 0a3] | R ,Returns Lepht hand toarm resT
lowl of/o/)o togra/.)iz) - -
bee 4O~
- 453 & L |Operates booster-pump
Y7 Swite hes
>~ .30 =
- 101 ! L 15’8!‘4&1‘05 hand to &rm rast
ﬁa{/“sts rudder trim R E .00 125 ; -
- -
o | .58 LisTens To radie
feturns hand %o con- R I T
trol column
. 1.40 -
/59 050 ) 6 1L fleaches for iomai"r‘u'?’
/)djas ts throtlle K12} ogab -~ overhead, out of pretare
A 450 , 7
. LOf | 4 f nd 4 - S
Roturns hand s apm s> T e — L ifeisros hond o erm e
bk E -0y F CoMPLETED
I” -
- - 1
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TABIE 8, FROCESS CHART 35

Date: July 3, 1946 Plangs R5D [Flight Phase: Take-off
Plages Oakland, California Flight Conditioms: Daylight, routine
* PILOCT CO-PILO
| - T
“Tize (minutes)
Each
Hand [Worlj Oper-{ Cwsu- per- Eork Hang
Sequence of Operations UsediAregation]lativeation Usec
Ridvancos throttle R {2} sas o042 Ldle
t Stears with laft Aand L 7 063 I .05 OR0Y R L ﬁ_é/;[ens hrollle Zanssion
. -
f‘ Places hand on gake R 1 Jolg 10
N 1
! N /.
: Flaces hand on qoke and L ) - .15 Feaches ror gear ex-
| L
- 1 moves control column LRI 116 » i 2381 3 2ension handie
|
. | ~ 20 7
= : - .
| - 25
| Futs hand on audder trm tas) R | 5 | .ovdl” 7
: 30
| 5 031 |8 | L | Rarses gear Aandle
| Faleasas throttle Zen-
k e L ‘0‘23 & L /2
- | lalls for whaels «p .a00[ 3¢ ren foek
il ! -
! [40_ o881 2 | R |feduces Throttle
= V037 {2 | L |feleoses tension fockon RFN
e §5
Bdjusls throttle Tt 50 -
T;’gbten.s Lenston loek R |2 | 0/? 3. 4 a2086! 2 R Decreases RPM to

Moves hand directly to chimb ‘Se["r”’é

- elevator Trim
ﬂdj'zst-f thrattile g 1 a1 a3tk ¢o-
Adiusts rudder trim R 5 1o i i
— s 3¢ -y S-S0 B R |Relurrs to drm rest
- Adjusts &rleren trim R 13 lezal.
- - e
fdjusts throttla g 12 foa 70705 Tdle
. - -
! #Idfe L030] A5 cakl 2 L liocks tension lock
Adjusts elevator Lrim R | {833} g4 —. 050 Tdie
Feduces Lhrottle ond - N
ddjusts tension loek R 12 |/ 5 o1 | 2 | & [Ad)exls RER tansron loik
. §5 &
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TABLE 8.

PROCESS CHART (cont'd.)

N PILOT CO~-PILOT
Time {Minutes)
Each Bach
dend [ForkiOper- Cuwu~ Oper- {Norkiand]
Sequence of Opsrations Used [Arealation [lativelation |AreslUsed] Ssquence of Operations
Calls For reduclron in RIT) 060 Jece Id/e
90 ok} ] oL L Vhecks throditls fension lock
- 4.630 Idle
95 N / g
- 2 . Neg i ed & OF
Ad usts RPM for engines| g 02/} & |LR [Checis gunc
/ $ 2 |15 L
- A
- Joo-|. 057 Td/e
“"”5'4 611 3 Checks /‘/yo(/‘o’u//c 67-
" - -0 L pass valvea
/)dj« sls cammand radio R 2 | a5t | |
receiver 1./0
rdle 0191 “5-
Adjusls atleron 32| 03¢
lock [~ »
Raleases throttle tansiona] R | 2 |.0a7] Lan Y Tdle
Roduces throttle R |.o¥al ~
-'L%dlg .0/6 #2585 0ig | = L liocie Tarervie Tgnjian
dyusTs elevaZor Trim K 12 L0119} ~{ oas rd /e
e~ /.30 Unlecks RPMIud ddjust.
FReturns hand to wheel V R | 1 | .047 1.078) @ lerlRPr with both ha'fv/ds
ts elevator tr. Rl | od¢ ~ ' Tdla
94_105 -t ol +35 B:g o2, L lLocks REM conlrels
.02 Zldle
Tale L0801~ 149
D4 ...c TS alCvaCor 2oim r 2 Lol 8 W 3 B -
w -7 v
6.1°dfe owt b T
-1504.265) 2 | o 57m./,romu.-s molors
. n B 3 4
H&justs Benadix radio R 12 059G
- L1551
Adjusts throllle R1la |.035F y!
L.-,_éo—
.‘,;’djgsfs command radedl R 2 |.086 |- J
recetyer _ [LS‘““'“
§Puring thase pariods . .
/s}!.ﬂt (s actwally opcraf:ng
tontral golumn and rudder - 1.704
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TABLE 9.

Dates June 3, 1946 Iype of Flane: RS5D

Plagss Washington, D.C.

PROCESS CHART

36

t + Landing, including
part of final approach

Flight Conditions: Daylight, routine

L

&

PILOT CO-PILOT
Time (B1 = 8)
Each EBach
! Hand{WorkOper- eCumu- Oper~ [§orijHand @
: Sequence of Operations Used|Arealation [lativejation [arealUsed; Sequence of Operations
e 'o_-:.‘
40 Let/e
i /?eaches for throltle to 1
feduce /aower‘ R a 334 o~ -
O/aerai‘cs Chrotéle )5 430 | 3| & |Lowers f/o?f handle
j = 15
t A
!
| - ST T
1 ”"25«
“"30" .lco ] ' (?efurns hand fo arm /'GSZ
I; Returps f0 conlrol coluinn R / - 0035 } B
, Adjusls elevalor Lrim Rl ol oacl .35
i H 1 A XATK
Returns tacontrol column [ -
- 40 ~]
SR AL Tele
Fezches )Oar threttle R 2 1.73a
Operales throttle —.#5 -
i ‘.OJI =2 L. O/Jel‘dfeb Throlll/e Zension Jock
; Botarns hand to arm (esC] K 7 1.0/6 [ 5O ;
B 0301 | L |Returns hand ta arm restﬂ
-ng'u.f!.‘a elevator trim R 2 072 — .55 - VO3 £ L Ol,epai',_;s 8P tension /oc_/(
1 .0ad L |Adjests RPM
— L
Petburns hand te contrel | § | '063»....’ ]
i celaurn
;i)d/'usés elevator trim Ri1 a lodd 43
| 7
. T —
z £ Ia ’ . ’
pperale thrctt/e i 2 Déoh 1 .as0l L | Feturns hanod 2o @rom-
r
0 sl ?rof columnl R ! .04 75-__1 res
‘ Idle
Ao usts elevator tram | R & | 142L g5
...'85'..

Mian s 21
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TABLE 9. PROCESS CHART (cont'd.)

PILOT 0-PILOT

Time (Minutes)

Each iach
land | World Jper- {umu~ {)per- jforkjHand|
Sequence of Operations JsedlAresiation jlativejaition {ireaillsod] Sequence of Operations

Faurns Coward /oz/ol'“
70 1 0651 3 | L land redches For 0207
- -~ handle

. R Qedion completed

2171 3 | L {Moyes hand Yo 7%'(0 conirol

Retwurns hand 2o Throt?ld

- 405
Ofel‘azées thrott e R 2| .36¢

O/oe.r‘a_ tec /’/d/: Conf/“o/

Peturns to arm rest

T le

FPlices band over throttie

4nobs and Grasps all fourl o | 5 1 4 o480 -
to hold secunraly in off R _
/006It 190N

Foturns boand to eantrol] Rl 1 losshk -
Colump

- MYy  SERONS s U a——— - L e —— -

Orn the a!ecA"-/o:/of - /55 =
reaches for Lhnottle
and holds

..-/65—1.—. v f  newe Jownn  ofewe o R d ——  mem— . * wonm_—




TABIE 1C. PROCESS CHART 37

Dats: Jums 25, 1946 Type of Plane: R5D Flight Phage: Lunding including purt of
finul approach

Plagg:s Guantenumo Fiight Conditions: Daylight, routine
PILGCGT C0-PILOQT
i Tioe (Migutas) |
Each Each «
BandiRorlg Opera} Cumu~- Juper~ (Forid J
Sequence of Operations UsediAred tiomjlativelation |AredUs Sequence of Uperations
Hands on 2Aroé¢ra R1la lezt -

SV BV 3 BV TN G Hests arm on arm rest

Keturns band to yo&(.’.. R P V.06 §

- JO -
}..

aai | 31 L [feoches for /andm_g' gear
- 0/5 -

g - Fo.shes Sedr bandle
Fesches For throttle r |a | #sol Jedl 3 L T« dosn

and a/ocrate.s throttle i ] :j

LK 2 i PMoraes /zam.'{ 2o £tap /evanr

- M Joals 1L Gferat‘cs f'/a,n handle

- g5 of7 | Vi b Wfetucrns to arm rest
L deas]l 3L Adjusts Flap handie

ustS mixlure control .0
Bdjas f13 2 o5/ 1 L {|Raturns to arm rest

Peturns hand to threttly R { & 225

Rdjuslts mixlare corlrakal ~s—{wmetd- 70 4

,de‘usts J'/ap

(o

rn

I i)
&
.@l
\ 8
[}

¥

i

h i .
Fakarns fand fc Lhroldls

e 75

felurns Aand o yoé&. ) g.e&0
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. TABLE 10. PROCESS CHART (cont'd.)
et - Pl L T CQ-P1ILOT
Time_ (Minuies).
. Euch Bach
" 4 Hund World Oper~{ Cumu- |uper- chrlé[ﬂtmc,
1on8 Sequencs of Operutdons Used] nred ution| lutivdation jAred Used Sequence of _perationsg
esl ﬂd‘juaf& iérottl& R ol .030‘— M_o,’o p L Felurns ;idﬂd {o arm-
- 90 - rest
- y; £ of
Returns hand 2o o Oloeraz‘es rs S€T o
: eqr Control colae man Ry Jersr? o075 2| L throttles
g - —
On dack f .OQT*MO,_ o9l 1 | L |Returns hand to armrest
T Mearl a1 L \Reaches For Flap hand/e
e ev—— Reactes Jar throltle] R | oL - + >
105+ o6a] 3| L |Rarses Flop handle
- o281 1 L. /?eéu/-p:, hand to arm resC
Je. /10 _DIR] 38 L ﬁdgus?s ﬁlarp handle
" - e hand ta arm-
3._.m_,_........._......o._.__...,....""'fm__.’_.i_if_:?e._f__.ﬂm
levanr L -
dle
- -
st -7
dile ’
- -
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the various sensory cues with the adjustment of comtruls. This may require quick
decision and response on the purt of the pilot and there would not be time to dele~

gate these performances to co-pilch.

In both landings charted there appears to bs sufficlent time for sll operations
to be easily performed.

Taxi to line following landing

A process chert of the operations of pilot and co-pilot during the taxi to
line following landing is presented in Table 11. The pilot steers the plane during
most of this period while the co~pilot is ccncerned with shutting off the motors

and making minor control adjustments prior to reuding the check-off list.

E. Frequency of use of controls

From the investigator's notes made on the voice recorder, the frecuency of nse
of the various controls was compiled. The volce recorder permitted analysis of se-
quences of longer duration than could be photographed. Tubles 12, 13, and 14 sum-
marize these duta for take-off, cruise, and lunding respectively, amnd show the work
arsa in which euch control is located, the frequency of its use by pilot and by co-
pilot, and the frequency expressed as percent of total operations. For a consider-
able length of time during take-off and landing the pilot is operating, in addition
to the contrals listed, the control column and rudder; this will be a highly per-
tinent factor in formulating Tideel® distribution of work loads between pilot ird
co-pilot.

The frequeucy of operatior of each control is totelled for four take-offs in
Tuble 12. An average of 9.8 operetions were performed by the pilot during each
+oke-off. Liost of these were concerned with elevator trim and throttle adjustments
and occurred in work ares 2. The co-pilot avereged 10.3 operations for euch tuke-

off. These consistaed meinly of R.P.K. and throttls adjustments in ares 2, and wing
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TARLE 11, PROCESS GHART 39
Datas June 1, 1848 Zypa of ¥
Plaggs Oskland, Calif,

RSD Flighi Phasas Taxi to lime following landing
tiimat Deylight, routine

PILOT CO-PiILOT
P37 )

Each Each
Hand Workl Opex| Cumu~| Oper—|Forknang
Sequanca of Operations UsedlAresl ationmiative|etion Used Sequence of Operatioms

- .
.10 A48 | 2 | L luts motors # # and /
Stears fa/dne. Lt 7lavrol
e 'IS -
i d,ags R a/pens side window
_'aa -t
~ i Tokes ofF eopphoncs
— 25 067 | 2 R and Sha ts ar“f/'ﬂd“’
. 30 -
O5H 1 2 L |Shuais oFf motors ff,aa
foe o
~.35 Reaches owvarhead Forf
odfo) & L Some&th nolt Sbowrnr n clera
Id/c Qs - il mé ° el

- 40 030 3| L |Rasas Flap hondle

Fushes Forwond Lhroliles

el Bl Tl s for motors #/INL 4

- 50 —~4
Holds back throttie e both bonds orer
! DISCS nds
oN motols a3 R 1= | .70} 4.063} ¢ | R ‘ head
b, 55 = (out off’lc'é‘-‘"°>
Kelurns band tbpo;if ionf L4 /] TR
. -
u.’éfm
|67 3| L |Operates mixture con-
Ldle .edo0 Crols
n @
1]
-~ -t N
- .75 <

Foches forwercd

45V Lyt res #2903

Hedches Fer radio moséer L AL % &L
reeeivec fo \ y’ = pnrong o -
o - . 2 Pc € E For Somalsidg / ron
Idle 069 | b R A R 1
) To /e
poe :F{-y.i{i_.qa-ﬁ—m..l;n_
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TABLE 11, YPROCESS CHART (cont'd.)

— PILOT Co-21LOT T
Tims (Minutep)
Bach Each -
jBandifork! Opsr~ Cumi~|Oper-|Hork
Soquenss of Opsrations |Usedjireal atlonjlativejation)iregls Sequencse of Operations
Fecekes overhead ond - - P
durns off Switches ale. R | &|.ret ~ 9o
. aclS ShHechk off /ist
ot & Sood fm.fu.na. Fe
L- .?6‘ -
) -~y
Reljusls mx Zure con- | R |3
2rel/ ™ b
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Table 12. - Frequency of Use of Controls during Teke-off#

FREQUENCY OF USE

% OF TOTAL OPERATIONS

CONTROL Pilot Co-Pilot Pilot Co~Pilot
M.P. 3 10 10.3% 24,43
R.PM, 2 13 5.1 31.7
Cross feed 1 0 2.6 -
Auto pllot 2 0 5.1 -
Elevator trim 1n 0 28.2 -
TOTAL  51.3% 56.1%
Mixture control 1 0 2.6 -
¥heels 2 5 5.1 12.2
Wing flaps 1 5 2.6 12.2
Cowl flaps 0] 1 - Zed
Alleron trim 1 0 2.6 -
By-pass valve 1 1 2.6 2.4
TOTAL  15.5% 29.2%
Gyro pilot compass 3 0 7.7 -
» ®  glevator 1 0 2.6 -
e ®  ajileron 1 0 2.6 -
Gyro compass 2 0 5.1 ~
TOTAL 18.0% 0.0%
Rudder trim 1l 0 2,6 -
TOTAL 2.63 0.0%
Generators 0 1 - 244
Mol booster pump 0 4 - 9.8
Landing lights 1 s 2,6 -
Green radic 0 1 - 2
TOTAL 2.6% 14, .6%
Hose wheel 3 V] 7.7 -
Inter-com. switch box 1 0 2.6 -~
TOTAL  10.3% 0.0%
‘Total operations 39 41 10C.3% 99.9%
bverags operations per take-off 9.8 10.3
#frequencies sre totals for four normal daytims take-offa.
40
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Table 13. - Fresquency of use of conirals by pilot and co-pilot during cruise#

FREQUENCY OF USE

% OF TOTAL OPERATIONS

ci R S er— e -
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#Frequencles &rs totals for six 15 minute intervals of a cruise on auto pilot.

AREA CONTROL Pilot Co-Pilot Pilot Go-Pilot
2 M.P- l& O 303% - %
M.F. friction lock 1l 0 0.8 -
E.P.M, 7 0 5.8 -
Fusl selector valve 3 0 2.5 -
Cross feed 3 0 RS -
Radio compass (red) 1 0 0.8 -
Command receiver 21 3 17.4 25.0
Auto pllot 1 0 0.8 -
Elevator trim 1l 0 0.8 -
TOTAL  34.7 25.0%
3 Mixture control 1 0 0.8 -
Cowl flaps 1 0 c.8 -
Supercharger 2 0 1,7 -
TOTAL 3.3% 0.0%
4 Auto pilot compass 22 0 18.2 -
" " elevator 17 0 14.1 -
» ®  aileron 3 0 2.5 -
Gyro compass 1 0 0.8 -
Altimetsr 1 0 0.8 -
Clock 1l 0 0.8 -
Scans panel 7 0 5.8 -
TOTAL  43.0% 0.0%
5 None used - - - -
6 Generators ¢ 1 - 8.3
Landing lighta 1 0 0.8 -
Radio compass (green) 8 A 6.6 33.3
Booster control pump 2 1 1,7 8.3
TOTAL  9.19 49 .9%
7 Inter<com. switch box 2 2 1.7 16.7
Oxygen mask 4 0 3.3 -
Microphone 3 1 2.5 8.3
Earphones 3 0 -
TOTAL  10.0% 25.0%
Total opsretions 121 12 100.1% 99.9%
Average operations per 15 min.
Interval 20.2 2.0

%,



Table 14. - Ffrequency of use of controls during landing#

FREQUENCY OF USE ¢ OF TOTAL OPERATIONS
AREA CONTROL Pilot Ce-Pilot Pilot Co-Pilqt
) 2 M.P. 12 1 34.3% 6.3%
: R.P.M, 2 1 5.7 6.3
Cross feed 1 0 2.9 -
Command recseivar 1 1 2.9 6.3
Elevator trim 7 0] 20,0 -
TOTAL,  65.8% 13.9%
3 Wheels 0 4 - 25.0
Cowl flaps 1 0 2.8 -
Wing {laps 2 7 5.% 43.8
By-pass valve 1 0 2.9 ~
TOTAL  11.5% 68.8¢
A None used - - - -
5 Rudder trim ki 0 2.9 R
TOTAL 2.9% 0.0%
6 Generators 0 1 - &.3
Warning bell 1 0 2.9 -
Landing lights 3 0 8.6 -
3 TOTAL  11.5% 6.3%
7 Inter-com. switch box 3 1 8.6 6.3
TOTAL  8.6% 6.3%
Total operations 35 16 100.3% 100.3%
Average operations per laending 11.7 5.3

#Frequencles are totals for three landings.
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and cowl flaps in erss 3. Of the pilot's totsl opersticns during teks-off, the
nejority (51.3%) occurred in area Z; similarly, for the co-pilot 56.1% occwmrsst in
ared 2.

8ix l5-mimute intervels during cruise were amalyzed and the date srs totalled
in Teble 13. The pilot is occupled primerily witbh adjustments of the auto pilot in
erea / and command radio recaiver in area 2. Gf his total operations 43.0% occur
in area 4 end 34.7% in srea 2. Ths so-pilot operates mainly the radio compuss cone-
trol in area 6 and command radio receiver in area 2; of his total operations 49.9%
occur in area 6. The pilot's operations averaged 20.2 as compared with only 2.0
for the co~pilot,

It would appear that under certain cruise conditions the entire work load
could bs Jdelegated to one of the pilots in order to allow for a period of rest for
the other.

Teble 14 gives totals besed on three landings., Of pilot?s operations 65.8%
were in area 2 and consisted mostly of throttle and elevator trim adjustments. For
the co-pilot, 68.8% of the toval operations occurred in srea 3, and involved most-
ly wing flap and landing gear adjusiments. The pilot's operations average 11.7 as

compured with 5.3 for the co-pilot.
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VI. COMMERTS

The results of the presenc investigation indicats that some of the time and mo-
tion principles used in industry can be applied to the analyais of thes pilotls tesk,
Motion pictures and voice recordings, with ihe procesa charts and f{requency-of-use
tables derived from them, are convenient ways of obtaining and summarizing objective
data concerning this job. bLwer thias preliminary study, designed primsrily for eval-
uation of methods, hes produced evidence which indicates that the cockpit design of
a current Navy transport plane does not allow for efficient performances. 14 was
found that a lurge proportion of the controls are beyond the maximum reach of the
pilot and that these controls are not groupsd so as to permit the smoothsst poassible
movement pathways. Therse appear to be abnormally high work loads assigned to the
pilot's right hend and the co-pilotts left hand, and in certain phases of the
flight, work loads are unevenly distributed belween the pilot and the co-pilot.

In view of the present findings it is belleved that & further application of
the procedure would contribute significanily to the design and construction of a
better work-place for the pilot. Comparable studies on a large populaticn of pilots
operating various types cf plenes appear to be warranted. Datc should be secured
under well defined and standerdized phases of flight as well as under simuleted
emergency conditions. The irformatlion obtained could then be subjected to statis-
ticel analysis to show vuriability between pilots, flight phuses, end planes, and
also to provide a busis for determination of common pathways of movement. Such in-
formation might provide a sound basis for testing the effectiveness of design in ex-
perimental mock-up cockpits prior to actusl construction of the pleme.

Certain improvements might be made in the photogre hic equijsment and technics
employed in future investigations (appendix 1). For example, & fixed camere should

be used and be located to the rear, above and between pilot and co-pilot to alliow
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for an angular shot which would include the performances of both pilots. This
might be implemenmted by o wide-tngle lens of approxime tely 6c°. The cemera should
be driven at & constont speed of 1000 frames per minute. At this speed, a mega-
zine holding 5C0 feet of 16 mm. film would allow for apyroximstely twenty minutes
of continuous recording. Improved Lighting of the cockpit is needed if clecr
photograshs are to bs obtained under &ll conditions of flying. The possibility of
using infra.red light for night photogra hy should be investipcted.

The present investization has considered mainly the complexity of operation of
controla. Major problems may exist in the complexity of the stimuli and the inte-
gration of these stimuli in the totsl perfermance. Motion pictures of the pilot's
operations ghould be synchronized with those of eye movements, to provide further
information regarding the pilot!s use of visual cues. Such studies of pilot's eye
movements would bs a valuable adjunct to the type of data corsidered in this report

for imuroving training methods, routine operation technics and cockpit design.

RALPH C. CHANNELL
Bio-dechanics Division
Psychological Corporation
New York, New York
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APPERDIX 1

Suggested Outline for Further Study of Pilots' Periormences

1. Establish procedure for obtaining photographlc records and sound recordir s dur-~
ing the basic phases of flight

A, Pre-flight situztion

l.
2'
S.
40

Aircraft inspection

Cockpit check-off

Taxiing procedurs

Check~off prior to take—off

B. Flight ccnditiors

l.
2.
3.
4,
5.
65‘

Actual take-off

Clinb to cruising altitude
Transition from climb to cruise
Cruise

Transition from cruise to let-dovm
Circuit procedure

a. Entering traffic circle

b. Pre~landing check-off

¢, &pproach

d. Landing

C. Poet-flight situalion

1.
2.
3.

Taxiing to line
Post-flight cockpit check-off
Reports and records

D. Instrument flight conditions (Actual)

1.
Q.
50
4.
5.
60
7.

Instrument take-off and climb

Beam bracketing or on-course {lying
Orientation

Let-down

@. C. A. landing

Instrument Landing Systea

Flying by radar

E, Military situations

1.
.
3.
4,

Combat tactics

Carrier landings

Bombing runs

Rendesvous and formation flying, dey and night

II. Specifications for experimental conditions

A, Aircraft
Assignment of the more recent types of aircraft 1. - exclusive uge in the

1

- »

problem involved
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B.

D.

E.

A.

B.

G

A.

1137, Treabtment of collected data

IV. Application of techrics

Perscinel requirements

1. Experienced pilots and co-pilots with instrument retinge

2. Photographer, ecquainted with time~motion study technies

5. Redio technician, experienced.in all passes of radio communicstion, radar, etec.

4. Aviation psychologist with flight experience and trained in experimental
and/or industrial psychology ~- preferably txth

5. Flight Surgeon with understanding of research technics §

6. Laboratory assistants for analysis and summarizing obtained data

7. Various specialis%s for installation of equipment

Equipment

1. Camera for mounting on instrument penel to record eys movements, equipped
for synchronization with cemera to photograpi: pilot movements

2. Canera with wide angle lens for photogrepning entire cockpit (May have to
syunchronize two for this purpose}

3. Air~borne voice recorder witn connections for recording pilotts, co-
pilotts, and experimenter?s comments

4. Possible use of meticn picturc sound ecuipment with boom-type mike loceted
in the center of the cockpit

5. Crystal lip mikes to replace the carbon hand mike

Possible use of television equipment
1. Syachronize eye movement and pilot movement on single screen ~- re«
photograpaing with standard equipment, for analyzing

Infra-red photographic methods for photographing night performances

Motica udcture anslyasis

1, Frame by frame analysiy of pilot's and co-pilotls performsnces to deter-
wine operating procedurss for all controls

. Analysis of patterns of movements in the use of combinstions of controls

+s Tinme requirements for use of controlis during various flight situations

4. Frequency of use of controls

S. Areas of most frequent use

Fy» movement anelysis

1. Disgram showing eye movements

2. Frequency of usas of instruments

0. Time requiremsnts for resding warious instruments

Voice recordings
L. Inter-relationship of the various teem patterns of performsnce

2. Inter~-personnel communication procedurss
8. Location of communication problems

8ingle-engine ajrplanes
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B. Jet planes and advanced experimental airplaries

C. Mock-up cockpits of propoeed airplenes
r, etc.

V. Application of results to future airplene design
A, Develop general principles for placement of instruments and controls
E. Establish optimum work areas and motion pathways

C. Assist engineers in developing specifications for the flight deck
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