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ADAPTATION OF TIME LINE ANALYSIS PROGRAM TO
SINGLE PILOT INSTRUMENT FLIGHT RESEARCH

by

David A. Hinton* and John D. Shaughnessy

SUMMARY

The time line analysis program, having been developed for the National
Aeronautics and Space Administration (NASA) terminal configured vehicle program
by the Boeing Company, has been adapted for general aviation single pilot
instrument flight research. The objective of the research is to increase the
safety and utility of general aviation aircraft by reducing the workload of the
single pilot crew.

A human factors data base was developed for the program, the data was
coded and stored as computer files, and the program was run.

The outputs indicated that further work was necessary on the workload
models. In particular, the workload model for the cognitive channel must be
modified as the output workload appears to be too small. Also, in need of
modification is the left hand, right hand, left foot, and right foot channels.

Since the mission used in the first runs was simplified, refinements will
be needed. Included in the needed refinements are models to show the workload
when in turbulence, when overshooting a radial or glideslope, and when copying
air traffic control clearances.

INTRODUCTION

NASA Langley has initiated the General Aviation Single-Pilot Instrument
Flight Rules (GA-SPIFR) program to study the problems of a single pilot flying
general aviation aircraft under instrument flight rules. It is anticipated
that the number of instrument flight rules (IFR) accidents can be reduced and
the utility of general aviation aircraft significantly increased by reducing
the high workloads experienced in single pilot IFR operations. Statistical
accident and incident data, a time motion computer program, a general aviation
simulator, and aircraft flight tests will be utilized in analyzing and reducing
pilot workload.

This report will discuss the development of the time motion computer
program for the general aviation SPIFR study. The parent program was
developed by the Boeing Company, Seattle, Washington, for the NASA Terminal
Configured Vehicle program and is referred to as the Time Line Analysis (TLA),

*Cooperative Engineering Student, University of Louisville



...

reference 1. The TLA is a time-motion study of a flight crew's activities and
workload during a mission. An analyst must define the mission and a data base
of activicies to support it. From this data the TLA produces a series of digital
and graphic reports describing the crew's workload during the mission. The
baseline mission was defined as a single pilot instrument flight departing and
returning to the William B. Hartsfield International Airport in Atlanta,
Georgia. Radio navigation, a holding pattern, radar vecters, and an instrument
landing system approach were included in the mission. The mission was highly
idealized and assumed no clearance copying, no turbulence, and that all tasks
were performed correctly and without repetition such as intercepts of very Hhigh
frequency omnirange (VOR) radials and localizer and glideslope paths. /

The mission was broken down into phases. These phases included segments
of the flight from takeoff through landing.

From the maneuvers required of the aircraft, air traffic control
procedures, and aircraft operating checklists, a set of p:ocedures was
developed. Procedures were written for such short term activities as flight
control and equipment operations.

Procedures are made up of tasks. A task is the most basic action a pilot
may perform. Reading the altimeter and moving the throttle are examples of a
task. Checklists, procedures, and the cockpit layout of the general aviation
aircraft simulator at the Langley Research Center were stulied so that no
detail of the cperation of the aircrait would be omitted. The spatial position
of each control, indicator, or instrument in the cockpit was measured relative
to a nominal eye and shoulder reference point., Task Jduraticn times were deter- .
mined from pilot's reach distances and eye angles which were calculated from
position data.

The mission, phase, procedure, and task data were coded on the forms
described in the Time Line Analysis User's Guide (reference 2) and stored as
a computer file in the NASA CDC computing system. The program data were sub-
mitted as a batch job and digital graphic reports of pilot workload were
obtained.
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GA-SPIFR General Aviation single-pilot instrument
flight rules

IFR Instrument flight rules

MSN Mission scenario report

TLA Time Line Analysis

VOR Very high frequency omnirange

WLH Workload histogram report
ANALYSIS

Data Base Development

The first step in the use of the time line analysis program (TLA) was the
development of a lata base. The data base consists of phases, procedures,
tasks, and subsystems necessary to describe the detailed flight operations
required to accomplish the mission.

Mission.- The mission is the flight to be studied. In the example fo.
this report the mission consists of a takeoff at the William B. Hartsfield
International Airport in Atlanta, Georgia, an instrument climbout, very high
frequency omnirange (VOR) navigation to a holding pattern, holding, air traffic
control (ATC) radar vectors to an instrument landing system ap roach course,
an approach, and a landing (figure 1).

Since the mission was built around an existing geographical area, the
flight path was plotted on a chart for visualization and planning. Attention
was given to ATC procedures, normal traffic routing, and aircraft operating
capabilities.

Phases.- Once the mission was defined it was divided into phases. A
phase of flight reflects the actions necessary to get from one flight mile-
stone to another. The phases of the GA mission are takeoff, climbout, cruise,
holding, initial approach, intermediate approach, final approach to the outer
marker, final approach between the outer marker and middle marker, final
approach between the middle marker and the runway, and touchdown. Using
distances measured from the plotted mission and known aircraft performance
data, the start time relative to the beginning of the mission for each phase
was calculated. These start times are later used as guides when precisely
defining the time structure of the mission. Since many of the output reports
can be generated for only the phases specified in the output request, the
breakdown of the flight into phases permits close study of a phase and
comparisons between phases. Also, the breakdown provides a modular data base
and simplifies changes to the mission.

Procedures.- A =ct of procedures was developed to support the phases. A
procedure is a short duration activity such as a complete instrument scan or
receiving and responding to a traffic advisory. In addition to ATC procedures,
all required aircraft maneuvers, aircraft operatirz procedures, and the
aircraft operating checklists were taken into account when writing procedures.
The procedures were made as general as possible so as to minimize the total



number of procedures required. Instead of a specific procedure for entering a
left turn or for receiving a handoff from departure control, for example, apro-
cedure for receiving a handoff or executing a turn was designed. Also, all
procedures assume that all tasks are accomplished when necessary and correctly
the first time. This is not realistic; however, the idea was to begin with a
simplified mission for baseline and to add refinements later.

Tasks.- A task is the simplest unit of work that the pilot can accomplish,
such as reading the airspeed indicator or picking up the microphone. Develop-
ment of the task data base began with the measurement of the position of every
item in the NASA Langley general aviation aircraft simulator. The measurements
were in the cartesian coordinate system shown in figure 2 and located with
respect to the center of the attitude indicator. Every position that the pilot
might look at for information or reach to was measured. For instruments that
give information in several locations each location was measured. For example,
the location of the center of the altimeter, the kolisman window, and the
setting knob were all measured. From these measurements the eye angles and
reach distances to each icem were calculated. The eye angles were calculated
with respect to the center of the attitude indicator, the left hand reach
distances were from the left side of the control wheel centered in pitch and
roll, and the right hand reach distances were from the throttle at its half
open position.

Each item in the cockpit was grouped into subsystems. Examples of
subsystems include electrical, engine, fuel, and trim. Pilot vision, voice,
audio, and charts/checklists were listed as subsystems as were the cockpit
items. The program requires that each task be associated with a subsystem
and can provide reports on the activity of a particular subsystem.

From the list of the cockpit items, checklists, ATC procedures, aircraft
operating procedures, and aircraft maneuvers, a task list was developed. Each
task was assigned a subsystem, a code number, and a duration time, and the
percentage of that duration time that impacted external vision, interrnal vision,
left hand, right hand, left foot, right foot, cognitive, audio, and verbal
human operator channels. Tasks, like procedures, were made as general as
possible. Instead of three separate tasks for moving the transponder switch
to off, standby, and on, for instance, one task was written to show movement
of the transponder switch., Depending on the situation, a task may require
different times or percentages. To account for this up to four different times
or percentages can be assigned to each task. The duration times were calcu-
lated from the eye angles, reach distances, and human factors data supplied in
reference 1, section 6.4. For tasks that were not cevered by the human factors
data such as radio communications, the duration time was estimated or timed
with a stopwatch.

The value of the cognitive channel was assumed to be ten percent for each
task. This was done with the knowledge that it was not realistics; however,
the data necessary for determining cognitive workload is not currently
available. As stated earlier, the intent was to make the program operational
and to add refinements as data becomes available. Once the tasks were defined
it was possible to determine the time structure of the procedures. The TLA
worksheet shown in figure 3 is used for this purpose. The tasks and their
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situation numbers and duration times are listed in chronological order. Tasks
which occurred during the same time interval were listed near each other. The
task start times are relative to the beginning of the procedure.

After the procedures were completed in detail, the time structure of the
phases could be determined. The same worksheet used to define the procedures,
shown in figure 3, was used to define the phases. All procedure start times
are relative to the beginning of the phases. The procedure duration times
are calculated to the nearest tenth of a second but the computer program will
accept procedure start times to only the nearest second. In determining pro-
cedure start times for this mission, therefore, any previous noninteger
procedure duration times were rounded to the next higher integer. This tends
to artificially lower the overall workload of the pilot by a small amount;
however, this avoids workloads exceeding one-hundred percent due to
unintentional task overlapping. In this manner, output workload peaks of over
one hundred percent will always be due to actual overloads and not due to
periodic task overlapping. With the knowledge that the output workload is
less than actual, output workloads near one hundred percent can be examined
as possible overloads.

The phase start times calculated earlier from the flight path plot were
only guides and are used here. If the original time calculations callcd for
the pilot to maintain straight and level flight for two minutes then enough
straight and level procedures would be used to total two minites as nearly as
possible.

Events were inserted into the phases along with the procedures to describe
a flight milestone such as takeoff, level off at altitude, cross an intersec-
tion, enter a holding pattern, and intercept an ILS localizer. Events are
used only as markers in the mission and do not contribute to workload. There
are no tasks associated with events.

Having determined the exact duration times of the phases, the start times
of the phases were calculated. Once the phases were completed and their start
times determined, the mission development is finished and the data base is
ready to be coded.

Data Base Coding
The data base coding forms are described in reference 1 and 2.

Figure 4 shows the subsystem coding form for this scenario. The Airline
Transport Association (ATA) code number required for the original application
of the program is not applicable to the GA research, therefore, the ATA code
number column was left blank.

The task data coding forms were completed according to the instructions
in reference 2. Occasionally, two tasks are used together. Columns 75-80
were used to refer to the accompanying task in these cases. On the example
form in figure 5, 1A0131 refers to subsystem 1A, task 13, situation 1. A
leading zero is placed before the 13 to produce a six character code.



A sample event/procedure data coding form is shown in figure 6. The
alpha characters in the code numbers were used to refer to communications (),
communications radios (CR), manual flight control (F), navigation (N),
navigation radios (NR), and miscellaneous systems (S). The slide interval
columns were left blank since the task sliding option of the program, described
in reference 1 and 2 was not used.

Figure 7 shows a completed phase data coding form. These forms were
completed as specified in reference 2.

The mission data coding form was completed as shown in figure 8. The
study time interval, an analyst defined time increment, was set at 20 seconds.
The task sliding option referred to above was not used in this study. There-
fore, the slide interval was set at one second and the slide workload threshold
at 999 percent as suggested in reference 2.

Once coded, the data base was stored as a computer file. The data base
forms were keypunched along with the control cards. Figure 9 shows the deck
arrangement for the control cards and data cards. The phases, events,
procedures, tasks, and subsystems, were stored under the file name GADBAZ
shown in the appendix. The control cards, mission data, and output requests
were stored under the file name TLATST. The object program was supplied by
the Boeing Company under contract number NAS1-13741 and was stored under the
file name TLABN3. The data are stored with a batch job under the DUMMY file by
using the deck shown in figure 10 and the name is later changed with the use of
a timesharing terminal. Placing the mission data and the output requests in
file TLATST permits changing the study time interval, run data, and output
requests and submitting the program without accessing the data base.

The data were stored in a logical order so that modifications to the data
could be made easily. Procedures were grouped according to type and tasks
were grouped by subsystems. During che development and coding of the data,
unanticipated procedures and tasks were occasionally required and were added to
the data base. After storage these additions and modifications were made via
a timeshared terminal.

Program Operation

The program is submitted with the file TLATST. It is submitted as a batch
job through the use of a timesharing terminal. A listing of TLATST is shown in
figure 11. In use TLATST copies to data the input mission data, then the data
base (GADBAZ), and then the process card, output request, and the terminate
card. This assembles the program data deck into the form shown in figure 9.

The first runs were made for data base debugging. If the output channel
workload exceeds 100 percent, errors in the data base or overloads are
indicated. The tasks contributing to high workloads can be found with the
workload histogram report (WLH), the crewman workload profile report (CWP), and
the mission scenario report (MSN). References 1 and 2 describe each of the
cutputs. Approximate times of high workload peaks can be determined from the
time scale on the WLH. Then the exact time interval of the occurrence can be



determined from the CWP by scanning down the workload column for the channel
involved. After finding the time interval, the MSN is used tc determine the
tasks occurring during the interval. The errors included data artifacts such
as misspecified start times, duration times, and situation numbers.

Only the CWP, MSN, and the WLH were seen for use in analysis. The outputs
were validated with hand calculations of pilot workload at random points in the
mission.

Figure 12 shows one page of the crewman workload profile report. The
external vision is at zero percent and the internal vision is highly used due
to the assumption of actual instrument conditions during the mission. Left
hand activity is low but reasonably steady while right hand activity varies
considerably and is usually high when being used. This is because the left
hand is being used for the continuous tasks of maintaining straight and level
flight in smooth air and the right hand is being used for discrete tasks such
as tuning radios or handling the microphone. The left and right foot have
identical workloads as they are always used together in the mission. Cognition
levels are low and steady. This does not appear to be realistic and indicates
that cognition has not yet been properly modeled. The audio and verbal channels
indicate ATC communications.

Figure 13 shows a portion of the mission scenario report for the time
interval covered in the crewman workload profile report shown in figure 12.
The MSN is used to determine what tasks are occurring during any time interval.
Together with the CWP, the MSN is useful in determining which tasks are con-
tributing to high workloads.

The external visior. WLH is shown in figure 14. External vision is only
used during takeoff, landing, and during ATC traffic advisories.

Figure 15 shows the internal vision WLH. This is normally high but falls
off during takeoff, landing, and ATC communications. The internal vision
decreases during communications because the instrument scan falls off.

A WLH for the left hand is shown in figure 16. The large peaks are
caused by such maneuvers as leveling off from a climb and executing turns.
Continuous straight and level flight occurs in the areas where the plot is
relatively flat. A somewhat higher workload is indicated during the approach
and landing beginning at approximately 2200 seconds into the run.

The plot for the right hand, shown in figure 17, illustrates the
intermitent usage of the right hand. The right hand is primarily used for the
throttle, trim, radios, microphone, charts, and checklists. All other times
it is assumed to be at rest or zero percent workload.

Figure 18 shows the left foot ploiL. Since the left foot and right foot
workloads are identica’, valy the left foot plot is shown. As with the left
hand, a higher workioad is indicated during turns and final approach. The
left and right foot workload model will need modification as the workload
should be nearly zero during straight and level flight.



Figure 19 and 20 show the auditory and verbal channel plots, respectively.
These plots primarily indicate ATC communications. In addition to communica-
tions, the auditory channel is used to check the morse code identification of
radio navigational aids and to listen to the marker beacon signal during
approach.

The cognitive plot is shown in figure 21. From the plot it can be seen
that the ten percent cognition value per task was not realistic and that the
cognition workload model will need extensive modifications.

CONCLUDING REMARKS

The time line analysis program, having beer develcped for the National
Aeronautics and Space Administration (NASA) terminal configured vehicle program
by the Boeing Company, has been adapted for general aviation single pilot
instrument flight research (SPIFR).

A data base was developed for SPIFR operation, and the program was run.

The outputs indicated that further work was necessary on the workload
models. In particular, the workload model for the cognitive channel should
be modified as the output workload appears to be too small. More data are
necessary to develop a cognitive channel workload model. Also, in need of
modification is the left hand, right hand, left foot, and right foot channels.

Since the mission used in the first runs was simplified, refinements are
needed. Included in the needed refinements are models to show the workload
when in turbulence, when overshooting a radial or glideslope, and when copying
air traffic control clearances.
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APPENDIX
GADBAZ, The Time Line Analysis Data File

Figure 22 shows the data base as stored in the computer file GADBAZ. The
format of the data base results from the use of the coding forms described in
references 1 and 2.

Figure 22-a shows the phase portion of the data file. The first phase,
TAKEOFF RWY 8, consists of the code number TO0l, the phase name, EVENT1
beginning at time zero, procedure F00001 beginning at time zero, and procedure
FO00002 beginning zero minutes and 20 seconds into the phase. Procedures do not
have to be listed in chronological order but doing so makes it easier to read
the data.

The event/procedure data is shown in figure 22-b. By observing the
column designations on the coding form in figure 6, it can be seen that the
first two tasks of the first procedure, CONTACT DEP. AFTER TAKEOFF, are
1P 01 and 1P 07. 1P 01 begins at zero seconds into the procedure and
Pl refers to the crew member performing the task (pilot) and the task situation
number.

The task data is shown in figure 22-c., Figure 5 shows the column
designations of the coding form. The first task, MOVE AUD. PNL. MIKE SWITCH,
has the code number 1A 01, had only one situation, and has channel workloads
of 40 percent interval vision, 100 percent right hand, and 10 percent cognition.

The subsystem data is shown in figure 22-d. The first subsystem listed
has the code 1A and is named COM #1.
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Figure 10.- Deck used to store data base in computer files.
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o FQ0010 258 F00010 £ .
343 NOOOGL 351 FO0008 354 FOOOLOD 407
417 400002 427 FOOQO010 &30 FOO010 440
N000O2 450 FQ0006 453 F00007 7 "
524 F00007 532 FO0007 540 548
556 FO0008 604 NOO00OY 617 521
530 F00003 639 C00008 648 650
653 FO0016 654 FO0016 655 658
705 FOO009 716 NOODOS 723 728
FO0007 743 F00007 751 F00007 759 807 )
FO0007 A15 FO0007 823 FO0007 831 839
F00010 852 C00006 901 FOBOi6 904 909
_ £00016 914 CR0O002 915 F 6 e ————— e
F00016 923 FODO16 925 FO0016 927 Fawulb 929
FO0016 931 FOO0016 333 FOO016 9¥c FOOO16 938
__TA@5 INITVIAL APPROACH  EVENT6 000 FOO0006 | - £ e - - R DS ST
F00009 036 FOO009 045 FO0009 154 FOOGO9 103
FO0009 112 FO0003 121 F00009 130 FOGOO9 139
FO0009 148 FOD009 157 FOO7:9 206 C00002 215 .
FODD16 216 FOO016 218 FO0O16 220 FOOO016 224
£00009 228 F0O0009 237 FO0009 266 NOOOLL 255
e . _____F00016 257 NROOO1 258 F00016 303 NROOD2 304 - ghee Mles. I
FCO016 313 NROOO3 314 FO00009 ' & U
£00009 335 NOOOO3 344 NOOOLL 347 FGOO16 3649
NRQOCS 350 FQ0009 359 FO0009 408 NROOO4 417
S F00009 422 NROOOS 6 449 eensasadive i
F00009 ~52 S00002 501 FOO0009 516 FOO0009 525
F00009 534 S00001 543 NOOO12 545 545
S00001  S46 F00003 S48 F00009 557 606 - A e =
F00009 615 FO0009 624 FO00009 633 bu2
651 F00009 652 FO0009 701 710
711 FO0016 713 FO0016 715 719 =
- 723 FO0003 732 FO00D9 741 FO00003 750
759 F00009 808 FOO0003 817 FOOO16 826
o . 827 NOOO13 829 FO0O0016 829 FOO016 830 E— = )
831 NOOO12 833 rF00016 833 NOOO11 834
836 NOOUO3 845 F00009 848 FOO009 857
906 F00009 915 FO0009 924 FO0009 933 = kg
F00009 942 FO00009 951 F00009 1000 FOO0009 1009
NO0J03 1018 FO0003 1027 F0O0003 1036
INT6 INTERMEDIATE APP. EVENT7 000 C00003 000 F0O0016 001 F 003 o
F000i6 007 FOO0016 5 F00006 012 F w7 i il sy
F00GOS 035 FO0003 048 FOO0O004 116 136
134 FO0016 135 F00016 137 139 . ~ i
144 FO0016 145 FOO016 146 149 el
204 F00007 212 FOGOO8 220 233
243
FON7 FINAL APP, TO LOM 000 FO0006 00C FOO0O7 015 023 A s S it
036 FO0010 046 NOOOOG 056 057
F .27 R s it — el
_FO0010 136 FOO010 148 FOOO10 153 FOORL0 204
FO0010 228 F 229 FQOO10 239
FMRS FINAL APP, NT10 7 F &
LON TO MW ﬁl 11 0016 16 0 N N T R
FO0016 037 FOOO016 040 FO 044 FOOO013 100
FO0013 116 FO00013 132 FOOOL3 148 FOOOL3 204 O 32 S
Fo0013 220 Fooo13 236 T
_FRY9 FINAL APP, _EVNT41 000 FOOO1&4 000 FOOOLY 011
TD10 TQUCHDOWN EVNT1Z 000 FO0015 000 - 3

(a) Phase data.

Figure 22,-Time line analysis data file.
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EVENT/PROC
A

AFYER 1P 01 PL 1P 07 2.0 PY : o IR A
TAKEOFF 1P 16 Py 1T 28 640 P2
° 10 Py 1P 04 19.0 P1
TRAFFIC AT 28 Py 1P 01 6.0 PR % :
ADVISORY 1° 07 P3 84 01 8.0 LT
1P 04 P1
__C80003 RECEIVE VECTOR 1T 25 P1 1P 01 4.0 PR b
1° 07 Py 1P oL 10.0 Pl
CO0004 REPORT CROSSING FIX 1P 0L PL 1P 10 2.0 P2
1P 16 P2 11 R il B W i - RER
1P 04 9.0 P1 N .
C00005 RECEIVE REQUEST TO LT 22 9.0 P1 1P 01 2.0 Py
SAY ALTITUDE 1P 16 4.0 PL 3MW ni 4l o1
Rl 1° 97 5.0 P2 1P [ 13 1253 - RS G .
C00006 RECEIVE HANDOFF 17 25 0.0 P2 1P 01 43 [
1P 10 6.5 PL 1P 0% 11.0 P1
C00007 REPORT REACMING ALT. 1P 01 0.0 P1 1P 07 2.0 Py . ROk ST
1P 16 6.0 P2 1T 22 6.0 P1
12 04 8.0 P1
TRAN, 1T 22 0.0 P3 1P e N i
CHANGE 1° 07 5.0 P3 1P [T 8.0 P1
C00009 CONTACT APPROACH 1P 0 0.0 PL 1P 07 2.0 Py
3 1P 16 6.0 P3 11 28 620 Py 5
1P 10 12.0 P3 1P 06 17.5 Pl
CO00010 RECEIVE FINAL VECTOR 1T 22 0.0 P2 1P 04 7.0 Py
____AND HANDOFF_TO TWR 1° o7 9.0 P4 1P 0% 13.0 P1 e
CO00011 CONTACT TOMER 1P 01 0.0 P1 1P 07 2.0 P3
1P 19 5.0 P1 1T 28 5.0 P3
Eil R 1P o7 12.5 P1 1P 08 16.5 L R e
CROUOL CHANGE TRANSCEIVERS 1A 01 0.0 PL 1T 04 2.5 P1
1
10 P1 R 4
10 1
19 P2
16 3%
10 5.2 Pl
01 10.0 P2
01 0.0 . s o TETTI g g Dy
01 4.0 P )
01 6.0 P : PA m_ﬂ’
o1 8.2 L
13 9.2 P1 RIG m
0t 0.0 P2 il ,‘EwL ¥ i
10 2.6 P2 QE
01 6.5 P1 o )
01 9.8 Pl
10 12.5 P
01 13.8 P1 3
13 17.0 L
o7 17.6 PY
01 21.0 P
01 22.0 Pl
01 2602 P
01 0.0 P2
o7 2.4 P3
07 5.8 P2 ARET: "
= 34 01 ) P13 L Teb Py
Wi 10 7.6 P2 1 9.6 P2
.G 13 9.6 P1 3A 01 12.6 P
3H 01 13.6 P1 3L 01 1446 P1
3R (] 16.8 Pl
FO0005 LEVEL OFF AT ALT. 3R 01 0.0 P1 3H 0 1.0 PL
[Y) 04 2.0 PL 3R 01 2,0 P3
3N 01 6.0 P1 GA 19 6.0 P2
3L 01 7.0 P1 3A 01 9.2 PL
_ 04 10.2 P1 3R 01 12.2 (31
(1] 07 13.2 P2 7F 01 13.2 P2
::z :g ;:: :1 3R 01 15.8 r3
ol 'y
T F00005 ENTER TURN 3R 0t 0.0 Pl 50 01 1.0 P
WA 01 3.0 P1 3R 01 3.0 P3
34 01 7.0 P1 3L 01 8.0 Pt
[ 10 9.6 P1 3P 01 10.2 P1
1] 01 11.4 PL 3R 0 13.4 P
_F00007 MAINTAIN TURN L1} 10 0.0 P1 50 01 Ua0 Py
£ 3N 01 2.0 21 3L 01 3.0 PL
3 01 5.2 PL A 07 Seb P2
3R 0 628 [0
FO0088 EXIT TURN S0 01 0.0 P1 3R [T 2.0 P3
WA 01 2.0 P1 50 01 6.0 P
[Y) 190 7.2 PL 3M 01 8.0 PL
30 o1 9.0 P1 3R 01 11.2 Pl i

Figure 22.- continued

(b) Event/procedure data.
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B

FOO009 MAINTAIN STRAIGHT L 2.2 P
___AND LEVEL WITHOUT 33 3.2 " S—
"VOR MON. 50 6.2 L
R
_.FO0010 MAINTAIN STRAIGHT 34 Le0 Py -
AND LEVEL #ITH 50 43 3
VOR MON. 5u 7.3 L
FOO011 BEGIN CLIMB/OESCENT 3R 1.0 Py
1] 2.0 P2
S —— R 1. 4eb | et
M 8.6 P2
s 11.8 P
= i. 50 14.8 P2
[
F00012 CROSS OUTER MARKER  3v 0.5 Pl
- N [} Py = s
7F Ton PL
18 10.6 Py
o o Y T 12.7 P3
oG 3
FOOO13 FLY ILS, OM TO MW “A Pl
o insert L8 3.2 P1 O
N M 01 5.3 P13 01 6.3 P — iy
50 01 7.3 PL 3P 0 9.3 PL
5U 01 10.5 P1 3R 01 12.6 L1
— — 3A 01 13,6 P13V 04 14.5 P —
FOO014 FLY ILS. WNM TO RWY A 10 0.0 P2 3R L1} 0.0 Py
8A 01 1.0 Py SU 01 40 L3}
— [ L S} ST} S— LIS Ta1 (4
£ 01 [
FOO015 FLARE AND TOUCHDOWN &A [ P1 48 o7 0.0 Py
. 8A 04 P2 WA 10 4a Py
(1) D) ()
FOOO016 MAINTAIN ATTITUDE R 01 PL WA or 0.0 L3}
g 1 CMECK #1 VOR NEEDLE SU 01 P
NOB00D2 CHMECK 02 VOR NEEDLE SV 01 [
N0OO0O3 cntu ADF ARROW 50 14 PL 50 15 0.5 PL
WATCH LN N 01 Py
NoDORS c-«cx LIC/GS 5V 01 P1
NOOO0O6 CHECK MKR BCN OW b 07 P
N LEGy, 5V 01 P1 Sy 01 2.1 (3%
ON RADIAL, AT FIX 3N 10 P1
NODOOS uo uol.olnr. LEG, N 01 P1 3N 10 2.2 P2
N§0009 DEGll MOLDING LEG, 5D 01 0.0 PL 3N 10 2.0 P1L
FF RADIAL, AFTER
vunn
N80010 SCAN ENROUTE CHART 89 01 0.0 Pl
NQO01L SCAN APP, PLATE 89 a7 0.0 P
8308 0.0  PL
NOOOL3 HOLD CHART #2 (L) 0e 0.0 P2
NROOOL TUNE NAV #1 L,KNOS 5u 28 0.0 PL SV 25 0.0 P1
CHECK NAY @1 IDENT AT 07 0.0 PL AL 31 2.8 P1 i
88 03 2.8 P1 LT 07 5.8 P1
NROOOS ADJ. #1 08S Sy 13 0.0 P1 SV 10 0.0 r3
B 59 01 0,0 __ *3
NROOO4 TUNE NAV #2 R.KNOB SV 19 0.0 P1 SV 16 0.0 L]
NROBOS CHMECK NAV #2 [DENT 1T 10 0.0 PL AT 5 2.8 PL
- 8 03 2.8 PL AT 10 5.8 P
NRO006 ADJ. #2 08S 5V 07 0.0 Py SV 04 0.9 P3
Sy 01 0.0 P3
__NROOQ7 TUNE ADF 50 13 0.0 P2 50 16 0.0 P2 N
NROQAS CHECKX ADF IDENT 1 13 0.0 P1 1T 3 2.0 P
88 03 2.8 PL AT 13 5.8 PL
S00001 SCAN CHECKLISY 88 10 A0 P
$00002 CHMECK ENGe INST. AND 7F 10 0,0 P1 TF [ 2.6 PL
0G PRECESSION e 16 5.2 Py 7F " 7.8 P
5K 01 10.0 __ P1 S0 04 12.6 31 .
EVENT1 TAKEOFF RUNWAY 3§
EVENT2 TURN LEFT TO INT.
..R-360 AT\, yoORYAC =
F AT 3500F7, . I
EVENTS [INT. R-360 ATL
EVENTS CROSS TROYS INT AND
ENTER MOLDING -
PATTERN
EVENTS EXIT PATTERN WITH
VECTORS TO ILS R
Vi 0 e
180 DEG, BASF LEG
CVENTS ntcuvz VECTOR TO
s TO INT, - o . -
us RWY 8
nr. x s
GIN
s ssuut. c:oss Lom
. EVNTYL EST. R - e e
Lﬂ‘f FE"conncv
AY
EVNT12 cnoss nn THRESHOLD .
(h) Concluded.
Figure 22,- continued
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e )

1A 01 WOVE AUD. PNL. NIKE 1 2.% . 100 10
SHIVCH
1) @5 ADJ. CON #1 voL. 1 2.6 20 100 10
1 07 MOVE COM @1 ON/OFF 1 2.5 20 100 1
WITCH
i (O ON 01 5.0 30 100 10 LAQ131 :
_ 3.0 20 100 R | R T FY o 4 R 3
2e 20 100
1A 13 SCAN COW o1 _FREQ, Se 7 i ARLIL D M Boitgh
i 3. 11 SO0 | R AMQANE g Vi St
2. EVIITER
s . 14 160 ks s oo 4246
18 01 SCAN CON #2 FREQ. 1 S.0 re U | T |} S— LR
2 3.8 (1] 180102
3 1.6 100 AS S =0
10 04 ADJ. COM 02 Vul._ 1 2.6 20 100 AL SERRSER ¥
7 /0FF 1 2.5 20 100 10
SWITCH : % b . 4
18 10 TUNE CON 02 1 5.0 n 100 — U T 1TV G- i S E TR
AL AB0042
N 01 SCAN TRANSPONDER 1 2.6 100 1 s
MONITOR LIGHT 3 a A ciuing
" 06 _MOVE TRA R 1 2.8 20 100 10
) i e e B S -
U] (14 ws'gs;numu_n_u 1 2.5 20 100 10 o - AR PR IS S
TTiIN 10 PUSH TRANSPOWDER Y 7% ] 20 100 ] S : G A
IDENT : 3 i S R
L..AN 13 MOVE TRANSPONDER W 7Y e e Al
MODE SWITCH
T 16 CHANGE TRANS, CODE 1 0.6 30 100 Al JUTITTY
I S B+ S IR
& 3.0 2 100 AR LTI . i e
N 19 SCAN TRANS, CODE 1 8.8 70 FO ANGAGL R S
2 6.7 70 10
3 A8 4] -1 ] ANRLGS
s S 3.0 (1] o o eirt ANGL6S
N AR 10 P
1P 01 PICK UP WICROPHONE 1. 2.0 50 i AL ﬂ
1P 64 RETURN WIGROPMONE 1 2.0 T 10 AL PA
AP 7 WAKE RADIO TRAMS. ) 2.8 R TT ~r1GMN .
2 2.8 100 10 im0 ! QU
3 3.0 10 10 A0 1
& 4.0 100 2.
1P 10 MAKE RADIO TRANS, 18,5 A 10 -
2 5.0 100 :
3 5.8 100
NS AN R T iy S, RBS PR g B R e
Iy 13 WAKE RADTIO TRANS. . ) 100
2 7.5 1 100 .
3 8.5 1 100
1P 16 HOLD WICROPHONE 1 1.0
< 2 2.0 i
3 6.0
& 7.0
[ 19 HOLD MIZROPNONE 1 1.5
2 8.5
v 01 MOVE AUD. PNL. 1 2.8 a0 10
. eicom SwWITCH
Tar 04 NOVE AUD. PNL. 1 2.8 “0 100 10
#2C0M SWITCH
AL __ 07 MOVE AUD, PNL. 1 2,80 &0 100 Al
SINAY SHITCM i
144 10 WOVE AUD, PNL, 1 2.8 “0 100 " -
02NA
v 13 MOVE AUD. PNL. 1 2.8 \0 100 10
ADF SMITCH
AT 16 NOVE AUD. PWL. 1 2.8 “ 100 10
OME SWITCH
v 19 NOVE AUD. PNL. 1 2.8 0 100 10
________WKR ACN SWITCH
iv 22 WON. RADIO TRANS. 1 2.0 10 100
2 2.8 19 190
honsk 224 19 100
& 3.5 10 10
v 25 MON. RADIO TRANS. 1 &0 10 1%
e e PRI, 205 T TN oy A SN o e Ve A
i 3 5.0 18
& 5.5 101
v 28 MON. RADIO TRANS. 1 6.0 10 100
i 2 7.0
3 7.8 10 100
4 o5 10 100
AT 34 MOM. IDENMT. . 4 3.0 _AD 108 000031 i o

(c) Task data.
Figure 22.- continued.




|

3A 01 SCAN P AIRSPEED INO. 1 1.0
SIT 2 FOR TAKEOFF 2 10.0
44 04 SCAN CP AIRSPEED IND 1 1.6
M 01 SCAN ALTIMETER 1 1.0
USE SIT 2 WITH 2 3.0
. _3M0071 AND 3M0042
3N 04 SCAN ALTIMETER 1 2.2
PRESSURE WINDOW 2 3.0
S USE SIT 2 WITH e~
340012 AND 3MD071
M 07 SET ALTIMETER 1 3.0
. _ USE_WITH 3M0012 I
AND 3M00&2
3L 01 SCAN VERTICAL SPEED 1 2.2
3N 01 SCANCLOCK 1 2.2
2 3.0
3N 04 WIND CLOCK 1 7.0
3N 07 SET CLOCK 1 3.0
N 10 STARTV/STOP/RESET 1 1.5
STOPWATCH SIT 2 2 2.1
AAAAAA - FOR STOP AND RESET
3P 01 SCWN NEEDLE/BALL 1 .2
3R 01 SCAN P ATTITUDE IND. 1 1.0
el W 2 3a0
3 4.0
3R 04 SCAN CP ATTITUDE IND 1 1.8
| 2. 3.5
IR 07 SET P ATT. IND. 1 3.0
PITCH TRIM
3R 10 SET CP ATT, IND. 1 3.5
T PITCH TRIN
C 3y 01 SCAN 0.A.T. GAGE 1 2.8
v 01 SCAN MKR BCN AIRWAYS 1 0.5
T3V 04 SCAN WKR BCN MM | 0.5
3V 07 SCAN MKR BCN 0M 1 0.5
3v 10 SCAN CP MKR BCN ARYS 1 1.2
1 13 SCAN CP WKR ACN MM 1 1.3
3V 16 SCAN CP MKR BCN OM 1 1.3
3V 19 MOVE MKR BCN SWITCH 1 2,9
Y ) 01 MOVE CONTROLS 1 .0
TO ENTER/ZEXIT TURN
LX) 04 MOVE CONTROLS 4.0
- _ Y0 START/STOP_
CLINB/DESCENT
Y 07 MOVE CONTROLS 1 1.0
_ _FOR MANUAL CONTROL 2 2.0
3 3.0
6 4.0
_MA 10 MOVE CONTROLS 1 5.0
FOR MANUAL CONTROL 2 10.0
3 15.0
A e s o & 3050
[Y) 16 TRACK RWY CENTERLINE 1 2.6
ON GROUND 2 10.0
__M8 01 MOVE LEFT PROP. = 1 2.6
CONTROL 2 2.6
.8 04 MOVE RIGHT PROP. 1 2.6
— .. CGONTROL = 2 2.6
1] 07 MOVE LEFT THROTTLE 1 2.6
2 2.6
B R el s RS
8 10 NOVE RIGHT THROTTLE 1 2.6
2 2.6
L) 13 MOVE LEFT MIXTUKE 1 2.6
2 2.4
.8 16 MOVE RIGHT MIXTURE 1 2.6
WS S SRS, R .
W87 19 SET POWER LEVER 1 3.0
wige FRICTION
& '@ 01 SCAN GEAR UP LIGHT 1 1.1
40  ".04 SCAN NG DOWN LIGHT 1 1.1
&0 . 07 SCAN L. MAIN GEAR 1t
e _DOWN LIGHY
“D 10 SCAN R. MAIN GEAR 1t
DOWN L IGHY
(1) 13 MOVE LON. GFAR LEVE2 1 2.9
Y3 01 SCAN FLAP POS. IND. 1 2.6
2 2.5
__ME 04 MOVE FLAP SWITCH 1 2.5
G 01 SCAN POLL TRIN FOS. 1 2.0
2 3.7
__8G 04 SCAN PITCH TRIM IND. 1  2.&
2 3.7
G 07 SCAN YAW TRIM INO. 1 2.%
2 3.7

36

100 10
20

10
w0 A0
100 10
10 10
100 10
(1] 10
10 100 10
100 10
100 SR e | I———
9% 10 INOO7 1
10 100 10
10 100 10 3N00r2
90 100 10
L1} 100 10
100 10
100 10
20 — s o | S | ) ]
100 10 “AQO11
100 10
- i e M 3R0101
10 100 10 30012
10 100 16 10042
100 10
100 10 S0
100 10 5o
100 10 50
100 13 s
100 10 S0
100 10 SO
20 100 10
100 25 25 10 3R0013
100 2% 25 10 30013
25 25 25 10
25 25 25 10
25 25 25 10
25 25 25 10
25 25 25 10
25 25 25 10
25 2% 25 10
25 25 25 10
50 25 ?5 25 10
50 25 100 25 25 10
20 10010 7F0012
10 50 10 7F0012
20 100 10 rTFo012
10 50 B 7F0012
20 100 190
20 50 10
100 e
20 100 10
20 50 10
20 100 10
20 50 10
20 100 10
20 50 10
10 100 10
100 B T I
100 10
100 10
100 10
10100 10 4
100 10
90 10 “S0061
10 100 R U R
100 10
10 10 460161
w00 a0
10 G013
10
10 G010t
(¢) Continued.

Figure 22.- continued.



7 T R0OST SWITCH

o6 10 ADJ. YAW TRIM 1 3.7 100 10 “Goor2
17 13 IDJ. PITCH TRIN 1 s.7 100 10 460042
L_TRIN L__Aa? i R | — 1 F Y
S0 61 scau P RNI 1 2.0 10
$0 04 SCAN CP RMI 1 2.8 100 10
5 t1] @7 NOVE ADF _ON/OFF __ § 2.5 = 20 5 | IO MBS . %
SWITCH Bt
50 10 ADJ. ADF VOL. 1 2.6 100 10
C SO 13 TUNE ADF 1 6.6 100 10 500161
PR 2 5.0 . 500162
3 3.0 100 10 500163
S0 16 SCAN P @1 RMI SWITCH 1 0.5 10
S0 15 SCAN P ADF ARROM 1 2.0 f e B e
$0 16 SCAN ADF FREQ. 1 6.6 10 500131
2 s.0 10 500132
N T 3 3.0 a8 500133
. 1.4 10
so 19 MOVE P #1 RMI SWITCM 1 2.4 100 10
22 MOVE P 02 RMI SWITCH 1 2.4 100 T
so 25 MOVE CP#1 RMI SWITCA t 2.7 100 10
S0 28 MOVE CP#2 RMI SWITCH 1 2.7 100 10
__SX 01 SCAN MAG, COMPASS 1 2.6 A A
sP 01 SCAN DME 1 et 10
2 2.7 10 5P0061
SP 0% MOVE OME SWITCH 1 2.7 100 10 sPOL12
su 01 SCAN P #1 VOR/LOC 65 1 2.1 10
USE SIT 263 WITH 2 3.0 10 500102
[E—LL ) ¥ | S 3 3.0 SASRIELS, | AR, . . .
sU 06 SCAN CP VOR/LOC GS 1 2.6 10
USE SIT 243 WITH 2 3.1 10 suger2
S I S 1Y S— e ——. 0 _5une73
su 07 SCAN CP vO® 1 2.6 10
AZINUTH CARD WINDOW 2 3.1 10 500082
_USE SIV 283 MITH 3 3.1 e iapmanasine A 500063
5U0161
su 10 SCAN P #1 VOR 1 2 10
N AZINUTH CARD WINOOW 2 3.0 s e SE . 5usei2
USE SIT 203 WITH 3 3.0 10 5U0013
500131
Su 13 SET P #1 VOR 08S 1 3.0 a8 100 %0
USE WITH 500012 AND
5U0102 OR 5SU001LS
SEES— 8 . SR - — R it
[ 16 SET CP VOR 085 1 3 10 100 10
USE NITHM 500042 AND
—_— 500072 0P SUQQ&S T ey S -
AND 5U0072
su 19 ADJ. NAV #1 VOL. 1 2.6 20 100 10
Sv. 22 !n.::xr#* #L ONSOFF A 2.5 20 100 A\
L
SV 25 TUNE NAV o1 1 5.0 30 100 10 sSu0281
gt SRS A N 20 § 7 W G _5unz2e2
sV 28 SCAN NAV @1 FREQ. 1 S0 70 10 VG251
2 3.0 80 10 500252
. UL =aF: - 100 e i oy
8V 01 SCAN P @2 VOP/LOC 4 2.1 100 ‘ AP,
USE SIT 283 WITH 2 3.0 80 10
svoory 3 3.0 10 10
__5v 04 SCAN P 82 VOR 22 S —
AZIMUTH CARD WINDOW 2 3.0 10 10
USE SIT 243 WITH 3 30 80 10
R 5v0071 Rl i S dlip BRR_ el
SV 07 SET P #2 VOR 08BS 1 3.0 10 100 10
USE WITH 5V0012 AND
e | K A T e, BRI W L WY SN T R~ —i
AND SV0043
5V 10 ADJ. NAV #2 VOL. 1 2.6 20
S sy 13 MOVF NAV €2 ONSOFF 1 2,5 20 100 __J.L__
SWITCH
SV 16 TUNE NAV #2 1 S.0 30 100 10 5v0191
- VT TR R . S . 5 20 100 10 SVe192
1] 19 SCAN WAV #2 FREQ. 1 5.0 10 5Vo1et
C 2 3.0 10 5V0162
o - IR . e SO ... KR T 5 s R e
78 01 SCAN AMNETER o1 1 2.2 10
78 04 SCAN AMMETER 02 1 2.3 10
___ 7B D7 MOVE MASTER SWITCH 1 2.9 BRIk = | SR R
TC 01 SCAN FUEL PRESSURE 1 2.4 10
;c 04 SCAN FUEL GAGE o1 1 z.s 10
07 SCAN FUEL GAGE
7% 10 WOVE LEFT run'il TJ 2.6 i ﬁ' i
SHITCH
_rc 13 MOVE RIGHT FUEL L6 s = T B e

(c) Continued

Figure 22.- continued.
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143 01 SCAN TACHOMETER 1 2.2 100 10
USE SIT 2 WITH 2 2.6 - 80 T P | |
T T 7 7 480011 OR &B00&1 OR
480012 AND 490042
7F 04 SCAN OIL PRESSURE #1 1 2.6 100 10
TF 07 SCAN OIL PRESSURF #2 1 2.8 100 10
143 10 SCAN OIL TEMP, #1 1 2.6 100 10
__TF 13 SCAN OIL TEMP, 82 1 2.8 100 A0
TF 16 SCAN CYL. TEMP, #1 1 2.6 100 10
TF 19 SCAN CYL. TEMP, @2 1 2.6 100 10
7F 22 ADJ. LFFT COWL FLAP 1 3.5 40 100 10
7F 25 ADJ. RIGHT COWL FLAP 3.5 40 100 10
76 01 MOVE STROBE LIGHT 1 2.7 20 100 10
L _ SWITCH _ e e e
7 04 MOVE NAV. LIGHT 1 Tk 20 100 10
SWITCH
G 07 MOVE ROT. BCN. 1 2.7 20 100 S P
, < . LIGHT SWITCH
. 76 ‘10 MOVE MAP LIGHT 1 2.7 20 100 10
' SWITCH
.
TG 13 MOVE TAXI LIGHWT =t 2.7 20 100 R X
SWITCH
149 16 MOVE LEFT LDG. 1 .7 20 100 10
— : _LIGHT SWITCH = === = - A
76 13 MOVE RIGHT LODG. 1 2.7 20 100 10
LIGHT SWITCH
76 22 MOVE #1 PNL. LIGHTS 1 2.8 20 100 10
76 25 MOVE €2 PNL. LIGHTS 1 2.8 20 100 10
SWITCH
_16 28 MOVE RADIO LIGHTS 1 2.8 20 190 . .. ... 28
SWITCH
76 31 MOVE RED/WHITE 1 2.6 20 100 10
. SWITCW . .
™ 01 MOVE LEFT MAGNETD 1 2.9 20 100 10
SWITCH
_ TM 04 MOVE RIGHT MAGNETO 1 2.9 20 100 _10
SWITCH
14’} 01 SCAN VACUUM GAGE 1 2.6 100 10
___BA 01 SCAN OUTSIODE 1 1.5 100 - ... .10
AIRCRAFT 2 2.0 100 10
3 2.5 100 10
s A e & 300 100 . — .. 10
8A 04 SCAN OUTSIDE 1 3.5 100 10
AIRCRAFT 2 4.0 100 10
=5 e 8a% 188 10
4% 5.0 100 10
88 01 SCAN ENROUTE CHART 1 2.0 100 10 S0 10
2 3.0 100 10 50 10
3 4.0 100 10 S0 10
" ¢« 5.0 160 10 SO 10
... 88 03 SCAN IDENT ON CHART 1 3.0 100 10 50 ; _ 10
R (1] 04 FIND APP. PLATE 1 4.0 100 10 90 i0
88 07 SCAN APP. PLATE 1 2.0 100 30 10
2 3.0 100 30 _10
3 4.0 100 30 10
& 5.0 100 30 10
.]:] 08 HOLO CHART o W L.q_ 5_9" 10
2 2.0 50 10
(1:] 10 SCAN CHECKLISY 1 2.0 100 30 10
—_ : i 2. 3.0 100 30 ) 10
88 13 COPY CLEARANCE 1 2.5 100 10 100 10
2 3.0 100 10 100 10
NP S 100 10 100 10
4 4.0 100 10 100 10
88 16 COPY CLEARANCE 1 4.5 100 10 100 10
2 _S.0 100 10 100 10
3 5.5 100 10 100 10
4 6.0 100 10 100 10

(c) Concluded.
Figure 22,- continued
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SUBSYSTENS
1A COM e1
18 _COM #2 L - I R S
AN TRANSPONDER _ e
1P VOICE
AT AUDIO . SR ek o1
_3A AIRSPEED INDICATOR
3H ALTIMETER
— 3L VERTICAL SPEED INDICATOR
__3N_CLOCK e — N _
3P NEEDLE/BALL
_ 3R ATTITUDE INDICATOR e
__3U OAT INDICATOR = =
3V _MARKER BEACON
~ WA PRIMARY ATTITUDE CONTROL
4B PROPULSION CONTROL
%D LANDING GEAR
__&E FLAPS T i,
4G TRIM S s sl
5D ADE/RMI.
5K MAGNETIC COMPASS e
5P DME J
5U NAV #1
5V NAV #2 -
78 ELECTRICAL 0
7C FUEL
— 7F ENGINE ] 5
76 LIGHTS :
7M ENGINE STARTING AT BAGE B
——oRIG  a 't
TV VACUUW % $OCR <74
'8A VISION. R N ) o
88 CHARTS/CHECKLISTS _

(d) Subsystem data.
Figure 22.- concluded.
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