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BACKGROUND

As the budget deficit continues to grow, government dependent programs are being
asked to do more with less. Within the Department of Defense (DOD), the Air Force has
scaled back its acquisition activities and has instituted several programs to reduce the
size of the force. Part of this personnel reduction effort involved the KC-135.
Specifically, can the crew size in the KC-135 be reduced feasibly from four people to
three people? HQ SAC/XRH sought to answer this question, and via ASD/SDB requested
support from the Crew Station Evaluation Facility (CSEF) in a message (number
90280) dated 11 Oct 90.

The CSEF is an U.S. Air Force simulation facility that belongs to the Aeronautical
Systems Division (ASD) of Air Force Systems Command, at Wright-Patterson AFB,
Ohio. The CSEF government personnel are assigned by the Crew Systems Division
(ASD/ENEC). The facility performs human engineering evaluations in support of a
variety of System Program Offices (SPOs).

The KC-135 crew reduction issue has been addressed several times in the past.
Geiselhart, Schiffler, and lvey (1976) conducted a series of flight tests to assess the
feasibility of reducing crew size. A dual INS was installed in the test aircraft and
workload was prohibitively high with a three man crew in an Emergency War Order
(EWO) scenario. Schiffler, Geiselhart and Ivey (1976) reviewed task analysis
documents and conducted a series of flight tests. It was concluded that crew workload was
too high during various mission segments, hence, maintaining a four man crew was
recommended. Barbato, Madero, Sexton, Moss, and Brandt (1980), performed a mockup
cockpit design study to determine the avionics control and display criteria needed if the
crews were to successfully fly the given mission. The study incorporated reallocated
crew functions and used 1980 state-of-the-art systems including a navigation
management system, electronic horizontal situation/multipurpose displays and upgraded
avionics systems. Results indicated that the subject crews would strongly support a
reduced crew size only if the present cockpit hardware was updated and relocated.
Madero, Barbato, and Moss (1981) used prior analysis and mockup evaluations to
determine desirable and undesirable characteristics of three designs. The results of the
mockup evaluations were used to develop a "composite” configuration which was
evaluated in a full mission simulation. The simulation validated the acceptability of the
composite configuration and verified that the KC-135 mission could successfully be
accomplished using a three man crew. In short, results from prior evaluations are
mixed. Some researchers found that workload reaches unacceptably high levels when one
crew member is eliminated, while others concluded that given the appropriate
equipment and design changes KC-135 missions are unaffected by the reduced crew size.
The present analysis effort is the first of a three-phase feasibility demonstration. Phase
Il is system design, and Phase {ll, simulation, test and evaluation, is a direct resuit of
Phases | and ii.
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INTRODUCTION

The primary focus of this analysis phase (Phase 1) was to complete a function analysis of
the four KC-135 crew positions, and recommend function reallocation including certain
automation concepts that can be integrated into a three man crew KC-135 configuration.
The function analysis was comprehensive and examined the following: the functions
performed during various phases of flight, a breakdown of the functions to the task level,
inputs needed to perform each task, equipment needed to perform the task, sensory
modality being used for task performance, control inputs and their effects, common
errors, task criticality, training required to proficiently perform each task, the time
needed to perform each function, and workload associated with each function. The
function analysis/reallocation was accomplished in three steps: (1) the construction
and validation of task listings for each KC-135 crew position, (2) the performance of
function analysis for each crew position, and (3) the reallocation of the navigator's
functions among the remaining crewmembers and automation concepts. Crews supporting
this effort flew either the KC-135A, E, or R model. Procedural differences do exist
between models, but for the purposes of this function analysis, the differences were
insignificant.

STEP 1 - TASK LISTINGS

A current task listing of all KC-135R crew positions was collected to serve as a basis
for the entire effort.

METHOD

The CSEF obtained a listing of each KC-135 crewmember's tasks from the 93
BMW/DO5 at Castle AFB. This task listing was constructed in the fall of 1989 and
included tasks for the KC-135 A-, Q-, and R-model aircraft. Two CSEF engineers were
sent to Castle AFB from 5 Nov to 9 Nov 90 to interview crewmembers from each crew
position in order to update and verify the task listing. Flight crew checklists and T.O.
1C-135(K)R-1 were also used to construct the comprehensive task listing for each
crewmember. The working definition of a task employed by the CSEF engineers was: “the
uninterruptible crew activities that are required for the successful completion of a
function.” The CSEF engineers interviewed five pilots/copilots, two navigators, and
seven boom operators from the 330 CFIS. The pilots/copilots averaged 2,880 hours
(standard deviation=249.0 hours) and 9.4 years flying time in the KC-135. Navigators
averaged 1,875 hours (standard deviation=176.8 hours) and 9 years, and boom
operators averaged 3,386 hours (standard deviation=933.5 hours) and 11.1 years
flying time in the KC-135. While validating the task listings, shown in Appendix A,
CSEF engineers also began the boom operator function analysis. A detailed description of
the function analysis is provided in the "Function Analysis" section.

Mission Scenario

For the task listings, function analysis, and function reallocation, a mission scenario
was provided to give the interviewers and crewmembers a realistic mission context. The
scenario used in this evaluation was developed using inputs from HQ SAC/XRH personnel,
ASD/SDB personnel, crew members from Castie Air Force Base (AFB) and Wurtsmith
AFB, and the Barbato et al., (1980) document entitled "Tanker Avionics/Aircrew
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Complement Evaluation (TAACE), Phase O - Analysis and Mockup, Volume lli: Mission
Scenario.” A written description of the scenario is provided below:

You are the #2 aircraft in a 2-ship Cell/MITO leaving Mildenhall. You
will be carrying support cargo and a crew chief. Your mission is to

refuel F-4s over the Baltic Sea (assume no radar returns) in confined
airspace. There is one refueling track, and a point paralle! rendezvous
will be used. The F-4s arrive late. After refueling, you head toward
Fairford, your intended racovery base. Due to weather throughout the
region, you are directed to recover to Zaragosa. After planning the divent,
the lead navigator's equipment goes out and the #2 navigator must take on
the lead navigation responsibilities. The communication level throughout
this mission is EMCON-2.

RESULTS

The task listings generated served as the basis for the function analysis; they can be
found in Appendix A.

STEP 2 - FUNCTION ANALYSIS

Function analyses for each of the four crewmembers were completed to ensure that
all of the functions required in a KC-135 mission would be taken into account and that no
crewmember would be overloaded by taking on the residual navigator's tasks.

METHOD

Two CSEF engineers were sent to Grissom AFB from 26 Nov to 30 Nov 90 to fly in two
air refueling missions, and interview crewmembers from each crew position. The CSEF
engineers interviewed nine pilots/copilots who averaged 4,430 hours (standard
deviation=1182.8 hours) and 17.2 years flying time in the KC-135. Five navigators
and four boom operators were interviewed and respectively averaged 2,721 hours
(standard deviation=1516.6 hours) and 12.4 years, and 3,372 hours (standard
deviation=1307.0 hours) and 13.8 years flight time in the KC-135. All crews were
from the 434 AREFW and 72 AREFS. The mission scenario described in the previous
method section was employed as a reference for the crewmembers. The definition of each
analysis category is given below.

Task - The actual task being performed (often a checklist item).
Modality - The modality of activity required for the task from the following listing:

Man - Manual
Vis Visual
Aud - Auditory
Cog - Cognitive
Voc Vocal
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Criticality - Crewmembers were instructed to identify those tasks that were
critical due to effaects on mission performance, potential
equipment damage, or personai safety (boom operators only).

Errors - Potential errors associated with each task. Crewmembers were
instructed to identify only those errors that had a reasonable
probability of occurrence.

Information in - The source of any information that the crewmember needed
to complete the task.

Error Effects - Effects of the errors that are likely to occur in the performance of a
task.

Desired Outcome - The desired outcome of the task. This item answered the
question "why is this task completed?" (boom operators only).

Tralning - The amount of training (either no training, on-the-job training
(OJT) or formal training) each crewmember would need to perform the various
navigator tasks.

Other parts of the function analysis included a workload assessment and a training
evaluation. These efforts began with interviews of four crewmembers at Rickenbacker
AFB and ended with a workload questionnaire and subsequent data analysis.

Prior to the interviews, the mission was divided into 20 discrete, time-sequenced
"mission events." The mission events are listed in Table 1. Dividing the mission made
workload assessment and function reallocation more manageable. "Mission events" were
either phases of flight (i.e., takeoff), checklists (i.e., preparation for contact) or
major occurrences (i.e., mission planning). The two objectives of this effort were (1)
io collect workload and winweline data for each of the mission events and (2) to finish
collecting training data which were not completed at Grissom AFB. Four crewmembers,
one from each crew position, were interviewed. The crew averaged 3,100 hours
(standard deviation=2447.4 hours) and 12.8 years flying time in the KC-13S.

Workload data were collected for each crew position using the 10-point modified
Cooper-Harper scale shown in Figure 1 (Boff, Kaufman & Thomas, eds, 1883). Each
crewmember was given a comprehensive task list for his crew position so he or she
could reference the list to see what tasks were performed for that mission event. Each
crewmember rated the level of workload for each mission event, as a function of his/her
own experience.

Following this effort at Rickenbacker AFB, more workload data were solicited from
personnel of the 330 CFIS at Castle AFB. A questionnaire was administered to document
the workload level of each crew position and mission event. Based upon a recommendation
received at Rickenbacker AFB, the last thres mission events were combined and titled

*after landing”; thus, there were now 18. evems instead of the original 20. The CSEF
received 18 completed questionnaires ffom Castle AFB: Ten from pilots/copilots, four
from navigators and four from boom operators. A copy of the questionnaire and ratings
description are provided in Appendix C.

To ascertain potential training requirements, the pilot, copilot and boom operator were

given a navigator task list and asked to indicate the type of training (no training, OJT or
formal training) that would be required before the crewmember could perform

4
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1. MISSION PLANNING

2. SQUADRON/BASE OPS AND COMBAT CREW DUTIES
3. POWER OFF/WALK AROUND INSPECTION
4. POWER ON INSPECTION

5. STARTING ENGINES AND BEFORE TAXI
6. TAXI

7. BEFORE TAKEOFF

8. TAKEOFF

9. CELLJOINUP

10. CRUISE #1

11. PREPARATION FOR CONTACT

12. AIR REFUELING

13. POST AIR REFUELING

14. CRUISE #2

15. PLAN DIVERT

16. DESCENT

i7. APPROACH AND LANDING

18. AFTER LANDING*

19. TURN OFF EQUIPMENT*

20. MAINTENANCE DEBRIEF, ETC.*

*For timeline development and workload assessment, mission
events 18-20 were combined into 1 event entitied "After Landing”

Table 1. The 20 defined mission events.
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each task. The navigator's opinion of which crewmember would be best suited to perform
each navigator task was also solicited, as well as the associated amount of training
required. These data were used to make general statements about new training
requirements for each crewmember.

RESULTS

The result of the function analysis was a completed function matrix (example in
Appendix B). The matrices served as a common reference point for members of the
function reallocation team.

Figure 2 shows each crewmember's workload as a function of mission event. Figure 3
shows the average workload ratings for the pilot, copilot, and navigator as a function of
mission event. The boom operator was not considered in this average because most of the
navigator functions were not going to be reallocated to the boom anyway. Takeoff, cell
join-up, cruise #1, preparation for contact, air refueling, planning a divert, descent,
and approach and landing yielded relatively high mean workload ratings. Individual
workload graphs were used during the function reallocation to prevent overloading any
crew position and are shown in Figures 4-21.

Some experienced crewmembers know how to perform a few of the true navigator
functions already, but because experience levels vary from crew to crew, a more
structured approach to reallocating navigator functions is required. This structured
approach leads to additional training needs. These training needs are addressed below in
very generic terms.

Generally, the copilots and boom operators felt their present jobs allowed them to
pick up the navigator functions, if necessary, without causing serious workload
problems. Many of these functions could be performed proficiently after OJT, while
others, such as radar tasks, would require additional formal training. Copilots were
given all tasks associated with radar.

STEP 3 - FUNCTION REALLOCATION

A function reallocation was conducted in an attempt to distribute navigator functions
among the remaining crewmembers in such a way that no one crewmember would be
overworked. By referencing the function analyses, the navigator tasks that still
pertained to a three-man crew could be distributed to the remaining crewmember(s)
that could best handle the additional workload.

METHOD

The function reallocation was conducted in a series of round table meetings over a 3-
day period. Participants in the working group included CSEF, ASD/SDBA, and SACSO
personnel. Three members of this working group were pilots (two of which were KC-
135 pilots). Two working group members were navigators (one K"-135 and one B-
52). Each participant was provided copies of the function and workload analysis results,
a copy of the mission scenario, a list of available technologies for automation, and a list
of functions for each crew position. As each function was reallocated, its impact on the
recipient of the function was assessed to assure that the crewmember would not become
overworked. Each navigator function was either allocated to another crew member,

7
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Figure 3. Mean crew workload as a function of mission event
(exclude boom operator).
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Figures 20-21. Crew workload for each mission event.
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allocated to a proposed automation concept or deemed as no longer necessary and removed
from the list.

RESULTS

The following results describe the reallocateu functions for each crew position by
mission event. Those functions allocated to automation concepts are inciuded at the end of
this section. The three-crewmember task listings for each crew position can be found in
Apr .ndix D. All tasks strictly concerning the navigator (i.e., navigator strap-in, oxygen
system tasks, etc.) were deleted from the task listings.

The following section provides a baseline for the reallocated functions. This baseline
will undoubtedly be modified as the systems and subsystems are maturing ithrough the
design, and test and evaluation phases.

Mission Planning (Event 1)

Figure 4 shows each crewmember's workload during mission planning. The navigator
and boom operator have the highest workload rating during this event. The boom
operator has the responsibility of loading cargo onto the aircraft. Cargo loading is a
workload intensive period for the boom operator, consequently the navigator's mission
planning tasks were reallocated to the pilot and copilot. Most of the navigator's work
during this event involved chart and flight plan document preparation.

Functions Reallocated to the Pilot:

Complete briefing guide

Complete correlation sheet

Complete scheduling blocks of mission accomplished report (MAR)

Review and study FLT Info Pubs (FLIP) and general planning requirements
Conduct crew flight briefing

Check Form 200 and chart for accuracy

Functions Reallocated to Copilot:

Select correct charts

Develop route of flight to meet mission timing
Place special use and space data on chart

Annotate highest terrain and obstructions on chart
Annotate level off point

Annotate ADIZ entry point (if applicable)
Pre-determine radar targets at action points

Functions Reallocated to Boom Operator:
None

Functions Eliminated:
Plot celestial navigation leg on charts

Place air refueling data on chart
Complete mission paperwork (mission review worksheet, pre-comp sheets)
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Complete Form 200
Fill out known information on in-flight log
Determine where celestial observation will take place

Justification for eliminating functions: The charts and mission paperwork
were deleted given the assumption of a navigation database and a data transfer system.
The mission paperwork and Form 200 will be automated, air refueling data will be
automated in the navigation system via the navigation database. Since celestial
navigation will not be used, no navigation legs or points for celestial observations need
be selected or annotated on the charts.

Squadron/Base Operations and Combat Crew Duties (Event 2)

Squadron/base operations and combat crew duties typically begin approximately two
hours before take-off time. Crew workload is very low (see Figure 5).

Functions Reallocated to the Pilot:

Synchronize crewmember's watches (time hack)
Check receiver status
Check aircraft parking spot

Functions Reallocated to the Copilot:
Check flight schedule for changes
Check weather for impact on mission timing
Pick up KY-58
Check for departing and landing airfield pages
Functions reallocated to the Boom Operator:
Check KIK-18
Functions Eliminated:

Review approach plates and enroute charts
Pick up required inflight publications

Justification: Since the navigator is no longer a crewmember, and assuming a
navigation database is available, his duties of reviewing the mission and picking up
inflight publications are no longer necessary.

* If a mission change occurs, such as a fuel load change, then some copilot
functions would have to be picked up by the pilot because the copilot would
have to recompute take off data, etc.

Power Off/Walkaround Inspection (Event 3)
Again crew workload is very manageable (see Figure 6). The pilot briefs the crew
prior to their boarding the aircraft, and then walks around the aircraft inspecting the

exterior surfaces and equipment. The copilot and navigator are seated in their positions
ensuring that all switches are correctly set. The boom operator preflights the cargo
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compartment, the boom operator's compartment and performs miscellaneous preflight
procedures.

Functions Reallocated to the Pllot:

None
Functions Reallocated to the Copilot:

Take out navigation publications

Set IFF master switch off

Set mode 4 code switch to A or B (as required)
Set mode enabling switches OUT

Set mode 4 on/out switch ON

Set mode 3/A code selectors to all Os

Check MSU-INS mode setectors off

Check CDU power switch in NORMAL or AUX
Set FSA/CAS power switch off

Set search radar FTC switch OFF

Set IAGC switch off

Set PATT switches as desired

Set bearing switch as desired

Set STC dial full counterclockwise

Set stab switch off

Set gain control full counterclockwise

Set heading select knot to local magnetic variation
Set scan switch OFF

Set test meter switch to "Mag"

Set range switch to 3-30/5

Set function switch OFF

Set radar pressurization control switch to ON
Set pulse width switch (as required)

Set code selector switches (as required)

Set radar intensity control knob fully counterclockwise
Set range control knob fully clockwise

Functions Reallocated to Boom Operator:

Check portable oxygen bottle

Check cleanliness, general condition, and stored in normal position
Check for pressure approximating 300 PSI

Check altitude selector knob in NORMAL position

Service portable oxygen bottle (if required)

Replace portable oxygen bottle

Ensure oxygen supply lever OFF

Functions Eliminated:

Take out navigation charts and equipment

Ensure celestial tables and air almanacs on-board and current
Set APN 218 Doppler switch to OFF

Check MSU-DNS mode selectors OFF

Set search radar range delay switch OFF
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Justification: The navigator's charts, equipment, and celestial referencés should
no longer be necessary. The DNS is assumed deleted.

Power On_Inapection (Event 4)

Workload for each crewmember is shown in Figure 7. The pilot and copilot
are seated inspecting switches, radios, flight controls, and display accuracy. The
navigator, also seated, checks navigation equipment and inserts waypoint data. The boom
operator continues checking the cargo compartment, the boom operator's compartment
or finishes miscellaneous tasks.

Functions Reallocated to the Pilot:

Perform INS system preflight procedures (pilot or copilot)
Check INS status panel (pllot or copilot)

Set MSU-INS mode selectors to ALIGN (pilot or copilot)

Insert INS present position

Set altimeter to correct barometric pressure (pilot or copilot)
Verify waypoints (pilot or copilot)

Read waypoint data

Functions Reallocated to the Copilot:

Perform INS system preflight procedures (pilot or copilot)
Check INS status panel (pilot or copilot)

Set MSU-INS mode selectors to ALIGN (pilot or copilot)

Tum FSA/CAS power switch ON

Insert INS present position (pilot and copilot)

Set IFF mixer switch as desired

Set IFF antenna switch to BOTH

Set RAD-TEST/MON switch to OUT

Set IFF master switch to NORMAL test modes, 1, 2, 3/A and C
Check Mode 4 light outset master switch to STANDBY

Set Mode 1, 2, 3/A and C switches as required

Set Mode 1, 2, and 3A codes as required

Set Audio/Light switch as required

Set RAD-TEST/MON switch as desired

Turn APN-59 function switch to STBY

Set altimeter to correct barometric pressure (pilot or copilot)
Input waypoint data

Verify waypoints (pilot or copilot)
Functions Reallocated to Boom operator:
Encode Mode 4
Load KY-58
Request authentication and launch message from command post
Respond with correct authentication
Functions Eliminated:

Check N-1 compass latitude correction pointer OFF
Set N-1 compass to correct MAG heading
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Center annunciation pointer

Accomplish GRID check

Perform DNS system prefilight procedures
Check Doppler status panel

Set MSU-DNS mode selectors to ALIGN
Tum APN-218 mode selector to LAND
Perform bit test

Turn APN-218 mode selector to OFF
Insert DNS present position

Compare altimeter setting with field elevation
Accomplish DNS interface test
Accomplish INS interface test

Insert TACAN data

Check sextant mount

Check sextant desiccant

Check averager

Check sextant alignment

Observe a celestial precomp

Resolve sextant accuracy

Remove and stow sextant and stool

Justification: With new navigation equipment, N-1 compass procedures and the

grid check should no longer be necessary. The DNS is assumed deleted. TACAN data shouid

be included in the navigation database. The sextant check is no longer necessary since
celestial navigation will not be accomplished.

Starting Engines and Before Taxl (Event 5)

Crewmember workload during the start engines and before taxi event are shown in
Figure 8. Only moderate workload was induced.

Functions realiocated to the Pilot:

None
Functions reallocated to the Copilot:

Set INS system to NAV mode

Check for at least one generator on line
Set IFF master switch o STANDBY

Turn search radar to STANDBY

Set radar/rendezvous beacon as required
Perform warning and indicator light test
Check receiver status

Ensure taxi clearance received

Functions realiocated to the Boom operator:

Tum oxygen system ON

Functions eliminated:

Set DNS system 10 NAV mode
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Monitor engine start
Tum APN-218 Doppler mode selection ON

Justification: The DNS is assumed deleted.
Iaxi (Event 6)

Figure 9 shows that crewmember workioad was very manageable during Taxi. All
navigator functions performed during this event were either eliminated or reallocated to
the copiiot.

Functions reallocated to the Pllot:

None

Functions reallocated to the Copilot:
Set search radar function switch to SEARCH
Adjust radar intensity control
Adjust heading mark intensity control
Set scan switch as desired
Set stabilization switch to ON
Fine-tune radar
Check beacon capability
Ensure departure clearance is received
Perform weather scan

Functions resaliocated to the Boom operator:
None

Functions eliminated:
Perform radio procedures

Justification: This function was for the navigator only.

Before Takeoff (Event 7)

At this point in the mission each crewmember is accomplishing last minute
tasks before takeoff. Workload is low (see Figure 10).

Functions reallocated to the Pilot:

None
Functions reallocated to the Copilot:

Set radar/rendezvous beacon (as required)
Set IFF (as required)
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Functions reallocated to the Boom Operator:
None
Functions eliminated:

None
Iakeoff (Event 8)

Takeoff is a very intense event, and consequently workload is high (see Figure 11)
for the pilot and copilot who are flying the aircraft, and for the navigator who is busy
trying to skin paint the lead aircraft using radar.

Functions reallocated to the Pllot:
Monitor lead aircraft for MITO timing (Pilot and Copilot)
Functions reallocated to the Copilot:

Monitor lead aircraft for MITO timing (Pilot and Copilot)
Perform initial climb-out procedures i.e. skin paint lead aircraft

Functions reallocated to the Boom Operator:

Record take-off time
Monitor aircraft instruments

Functions eliminated:

Ensure positive rate of climb
Ensure gear up
Ensure flaps raised

Justification: The pilot and copilot already ensure these tasks are performed.

Cell .oin Up (Event 2)

Figure 12 shows cell join up is a high workload event for the pilot, who
is flying, and for the navigator who is communicating on the radio and with
the pilot, as well as trying to acquire the lead aircraft on radar. These communication
and radar related functions were reallocated to the copilot for two reasons: (1) Copilot
workload Is low and (2) The radar equipment will be available within the copilot's
workspace envelope.

Functions reallocated to the Piict:

Ensure correct altitudes are flown

Ensure correct headings are flown

Perform climb altitude procedures

Perform after takeoff checklist procsdures

Monitor interphone and radios (pilot, copilot and, boom operator)

21




Downloaded from http://www.everyspec.com

Functions realiocated to the Copliot:

Direct pilot into enroute formation

Use all available equipment to effect join up

Iinform pilot of other aircraft's position

Ensure level off in altitude block

Acquire lead aircraft on radar

Make departure call

Monitor departure being flown :
Make 2,000' prior to level off call

Make 1,000' prior to level off call

Monitor interphone and radios (piiot, copilot and, boom operator)

Functions realiocated to the Boom Operator:

Check IFF mode 4 caution light off
Monitor HF after passing out of home station UHF range during Alpha monitor periods
Monitor interphone and radios (pilot, copilot and, boom operator)

Functions eliminated:

Reset altimeter at transition altitude

Ensure oxygen requirements are met

Ensure oxygen is ON and at 100% when aircraft is above 10,000'
Ensure oxygen is readily available above FL250

Record level off time

Monitor interphone and COMM radios from takeoff

Justification: The level off time should be recorded by the flight data recording
system. The remainder of the functions are performed by each crewmember
individually.

Cruise #1 (Event 10)

This event typically involves celestial navigation which is the primary reason why
the navigator's workload rating was above 8 (see Figure 13). For the other
crewmembers this is not a workload intensive event.

Functions reallocated to the Pilot:
Monitor UHF command post/cell frequency (pilot, copilot, and boom operator)

Monitor UHF air traffic control frequencies (pllot, copilot, and boom operator)
Monitor HF giant tak during alpha monitor period (pilot, copilot, and boom operator)

Update IFF mode 3a as required (pilot and copilot) .

Monitor APN 59 radar (pilot and copilot)
Monitor navigation radio aids (pilot and copilot)

Keep aircraft within 10 NM of track .

Direct aircraft to avoid thunderstorms by 20 NM at or above FL230 (pilot
and copiiot)

Compute "alter heading™ and ETA to turn

Perform dead reckoning (DR) navigation

Direct aircraft along planned route to coast end point/ADIZ

Accompilish control time to air refueling control point
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Monitor equipment for malfunction (pilot and copilot)
Set IFF as required

Track aircraft position (pilot and copilot)

Perform CELL formation

Perform station keeping duties

Monitor radar for skin paint or beacon

Functions reallocated to the Copilot:

Complete Comm log

Request and record UHF traffic

Accomplish HF contact

Record HF traffic

Monitor UHF command post/CELL frequency (pilot, copilot and, boom
operator)

Monitor UHF air traffic control frequencies (pilot, copilot and, boom
operator)

Monitor HF giant talk during Alpha monitor period (pilot, copilot and, boom
operator)

Update IFF mode 3A as required (pilot and copilot)

Monitor APN 59 radar (pilot and copilot)

Monitor navigation radio aids (pilot and copilot)

Direct aircraft to avoid thunderstorms by 20 NM at or above FL230 (pilot and
copilot)

Set equipment as required for specific navigation leg

Take coast out fixes

Complete log wark on form 200

Monitor equipment for malfunction (pilot and copilot)

Perform over water navigation

Update and monitor INS as required

Set IFF as required (pilot and copilot)

Track aircraft position (pilot and copilot)

Use all navigation aids to monitor position within 20 NM of track

Update ETAs to pilot as necessary for HF position report

Functions reallocated to the Boom Operator:

Monitor UHF command posVCELL frequency (pilot, copilot, and boom
operator)

Monitor UHF air traffic control frequencies (pilot, copilot, and boom
operator)

Monitor HF giant talk during Alpha monitor period (as applicable) (pilot,
copilot, and boom operator)

Functions eliminated:

Update DNS position

Update INS position

Accomplish in-flight log entry requirements

Record aircraft position and time at all planned turn points
Record aircraft position at least once every 30 minutes
Prepare for celestial navigation

Ensure celestial navigation clearance is obtained

Start celestial navigation
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Record accurate start position and time
Accomplish celestial pre-comps (SACF 289)
Resolve MPP/FIX

Set APN-218 to SEA

Justification: The DNS is assumed deleted, as is the need for celestial navigation.
Update of the INS will be automatic via the navigation computer or by copilot radar
fixing. In-flight log entries will be accomplished by the flight data recording system.

Preparation for Contact (Event 11)

All crewmembers experienced high workload during this event. The navigator
ensured rendezvous times were met, performed orbit holding procedures, and performed
the rendezvous. The pilot accomplished the preparation for contact checklist, and the
boom operator prepared for air refueling. Although not shown in Figure 14, Copilot
workioad can be very high during preparation for contact. Copilots typically
communicate with air traffic controllers and begin determining the amount of fuel to
offioad, from where the fuel will be off-loaded and the number of pumps to use during
the off-load. For newer copilots, accomplishing all of the necessary functions prior to
contact with the receiver is impossible. So there is concern about reallocating navigator
functions to the copilot.

Functions reallocated to the Pilot:

Set equipment as required for rendezvous (pilot and copilot)
Perform station keeping duties (pilot and copilot)

Set assigned radio frequencies (pilot and copilot)

Monitor radios (pilot and copliot)

Establish radio contact with receiver as required

Obtain receivers information as required

Relay tanker information as required

Establish offset

Accomplish Automatic Direction Finder (ADF) Check if applicable
Monitor echelon position

Place beacon to STBY as required (pilot and copilot)

Initiate overrun procedures (pilot and copilot) .

Set equipment as required for contact (pilot and copilot)
Ensure rendezvous time is met

Perform orbit holding procedures

Functions reallocated to the Copilot:

Set equipment as required for rendezvous (pilot and copilot)
Perform station keeping duties (pilot and copilot)

Set assigned radio frequencies (pilot and copilot)

Monitor altitude (pilot and copilot)

Ensure ATC clearance to air refuel received

Accomplish positive beacon ID (if applicable)

Start timing

Place beacon to STBY as required (pilot and copilot)

Initiate overrun procedures if applicable (pilot and copilot)
Set equipment as required for contact (pilot and copiiot)
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Functions reallocated to the Boom Operator:
None
Functions eliminated:

Conduct point parallel rendezvous
Instruct pilot to turn at turn range and give a time to turn

Justification: Point parallel rendezvous and turn range information should be
accomplished via commands from the navigation system.

Air Refueling (Event 12)

Figure 15 clearly shows that workioad is high for the entire crew. Because the
KC-135 and receivers are in such close proximity during air refueling, the pilot really
has to concentrate and maintain airspeed, altitude, and attitude to avoid a mishap. The
copilot performs the fuel transfer functions and monitors the aircraft's center-of-
gravity, which is crucial. The boom operator performs contact procedures, and the
navigator performs peripheral air refueling functions such as recording the amount of
fuel transferred and the number of contacts made, as well as monitoring radios. The
navigator becomes much more involved if refueling occurs in an anchor area because
navigating in an anchor area is more difficult and using radar to skinpaint the receiver
is necessary.

Functions reallocated to the Pilot:

Monitor CELL formation (pilot and copilot)

Tune radar for optimum picture (pilot or copilot)

Alter aircraft as necessary to maintain course within 10NM of cleared course
Monitor and update navigation systems (pilot and copilot)

Monitor interphone and radios (pilot and copilot)

Monitor altitude (pilot and copilot)

Functions reallocated to the Copilot:

Record air refueling data

Record number of contacts

Record amount of fuel transferred

Monitor CELL formation (pilot and copilot)
Tune radar for optimum picture (pilot or copilot)
Keep pilot advised of position

Maintain ATC clearance requirements

Monitor and update navigation systems

Monitor interphone and radios (pilot and copilot)
Set APN-69 1o OPERATE

Monitor altitude

Functions reallocated to the Boom Operator:

None
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Functions eliminated:
Configure radar to skinpaint receiver at bottom of air refueling block
Justification: "Configure radar to skinpaint receiver at bottom of air refueling
block” is a breakaway procedure. Having 1o do this during air refueling would cause
excessive workload. Therefore, the receiver should ensure lateral clearance
immediately after disconnect so no skinpaint would be necessary.

Post Alr Refueling (Event 13)
Following air refueling, each crewmember completes the post air refueling checklist.
The boom operator has the highest workload (Figure 16) as he retracts, stows and
latches the boom, closes the sighting door and ensures the ruddervators are locked.
Functions realiocated to the Pilot:
Monitor radios (pilot and copilot)
Functions realiocated to the Copilot:

Set radar/rendezvous beacon to OFF (if required)
Monitor radios (pilot and copiiot)

Functions reallocated to the Boom Operator:
Open fuel tank circuit breakers as required
Functions eliminated:
None
Cruise #2 (Event 14)

Figure 17 shows that only the navigator's workload was high during cruise; however,
assuming celestial navigation becomes obsolete, workload would be drastically reduced.
in fact, all navigation functions are eliminated during this phase except "assume CELL
lead navigation responsibilities,” which the pilot or copilot would do.

Functions realiocated to the Pllot:

Assume CELL lead navigation responsibilities (pilot or copilot)
Functions realiocated to the Copliot:

Assume CELL lead navigation responsibilities (pilot or copilot)
Functions reallocated to the Boom Operator:

None
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Functions eliminated:
Terminate celestial/over water navigation
ish final DR position and announce ETA to coast in

Accomplish coast in fix
Terminate celestial navigation clearance

Check N1 and J4 compass heading

Justification: Actual navigation functions will be accomplished by the navigation
system. No celestial navigation will be used.

Plap Divert (Event 135)

Planning a divert is workload (see Figure 18) intensive for the navigator because a
new route of flight, distance traveled and time required must be determined. Workioad
is high for the copilot who must compute the fuel required for the divert. As aircraft
commander, the pilot must oversee these activities to ensure a logical and safe route of
flight given the amount of fuel available.

Functions reallocated to the Pllot:
None
Functions reallocated to the Copllot:
Compute distance and time
Functions reallocated to the Boom Operator:
None
Functions eliminated:
Prepare chart
Justification: Chart work should be unnecessary because the alternate routes of
flight should be in the navigation system. The copilot will have to type in an alpha-

numeric identifier of the diversion base and the system should provide the best route of
flight as well as time and fuel required.

Descent (Event 16)

Figure 19 depicts the workioad for each crewmember during descent. The pilot
generally just flies the descent, while the copilot accomplishes the descent checklist.
The navigator reviews the penetration, approach, highest terrain, emergency airfields
and so on.

Functions reallocated to the Pilot:
Review penetration and approach (pilot or copilot)
Review highest terrain (pilot or copilot)

Review emergency airfields (pilot or copilot)
Review special use airspace (pilot or copilot)
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Monitor aircrew terminal information service (ATIS) (pilot or copilot)
Ensure approach clearance received (pilot or copilot)

Make "2,000' prior to assigned altitude® call (pilot or copilot)

Make "1,000' prior to assigned altitude" call (pilot or copilot)

Functions reallocated to the Copliot:

Review penetration and approach (pilot and copilot)

Review highest terrain (pilot and copilot)

Review emergency airfields (pilot or copilot)

Review special use airspace (pilot or copilot)

Monitor aircrew terminal information service (ATIS) (pilot or copilot)
Ensure approach clearance received (pilot or copilot)

Make "2,000' prior to assigned altitude" call (pilot or copilot)

Make “1,000' prior to assigned altitude” call (pilot or copilot)

Monitor weather reports

Functions reallocated to the Boom Operator:

Set altimeters
Contact command post

Functions eliminated:

None

Approach and Landing (Event 17)

Approach and landing is a very critical phase of flight, hence as Figure 20 shows pilot
and copilot workioad is high. Most of the reallocated navigator functions went to the
boom operator, with a few going to the pilot and copilot.

Functions reallocated to the Pllot:

Scan for traffic (pilot, copilot, and boom operator)
Perform go around as required
Monitor landing roll out/ground speed (pilot and copilot)

Functions reallocated to the Copilot:

Ensure altitude restrictions are met

Monitor approach

Monitor radios (copilot and boom operator)

Monitor timing as required

Scan for traffic (pilot, copilot, and boom operator)
Ensure missed approach procedures are accomplished
Make required altitude calls

Monitor landing roll out/ground speed (pilot and copilot)

Functions reallocated to the Boom Operator:

Monitor radios (copilot and boom operator)
Scan for traffic (pilot, copilot, and boom operator)
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Check flap setting

Check gear position down

Check pilot approach speed (as required)
Check fuel panel

Advise pilots of any hazards noted
Record time

Functions eliminated:

Perform instrument approaches

Perform airborne radar directed approach (if required)
Configure radar

Direct descent as published (as required)

Justification: Instrument approaches shouid be included in the navigation database
and displayed (at least) to the copilot. An airborne radar approach display should be
available to the copilot for him to direct the pilot in airborne radar approaches.

Atter Landing (Event 18)
Figure 21 clearly shows that crew workload during the after landing phase was low.
Functions reallocated to the Pllot:

Turn INS MSU switch OFF after parked (pilot and copiiot)

Assist in aircraft offload (as required) (pilot, copilot, and boom operator)
Offload flight equipment (pilot, copilot, and boom operator)

Assist in off-loading passengers/personnel (pilot, copilot, and boom operator)
Relay INS accuracy check information

Functions reallocated to the Copilot:

Set mode 4 code switch (as required)
Set mode 4 on/out switch QUT

Set IFF master switch OFF

Set gain control CCW

Set intensity control CCW

Set heading marker control CW

Set scan switch OFF

Set stab switch OFF

Set function switch OFF

Set APN-69 control panel OFF (if required)
Select way point for INS accuracy check
Press hold key

Record latitude and longitude coordinates
Press holkd key

Load pure present position

{oad airplane actual position

Set data selector to DIST/TIME

Press WY PT CHG key

Press 1 and 2 keys in

Record distance from lafi-hand data display
Press clear key
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Turn INS MSU switch OFF atter parker (pilot and copilot)

Set (FF/SIF (as required)

Set mode 2 code (as required)

Set FSA/CAS power OFF

Assist in aircraft offioad as required (pilot, copilot, and boom operator)
Offioad flight equipment (pilot, coplilot, and boom operator)

Assist in offload of passengers/personnel (pilot, copilot, and boom operator)

Functions reallocated to the Boom Operator: *

Monitor radios

Record flight time T
Zeroize code in KIK-18 and KY-58

Assist in aircraft offload as required (pilot, copilot, and boom operator)

Offioad flight equipment (pilot, copilot, and boom operator)

Assist in offiocad of passengers/personnel (pilot, copiiot, and boom operator)

Enter navigation systems maintenance discrepancies into Form 781

Tumn in comm kit, KIK-18, KY-58 and FLIP publications

Functions eliminated:

Turn APN-218 system OFF

Tum DNS MSU switch OFF

Calculate nav accuracy

Complete SAC Form 157

Turn in navigation mission paperwork

Justification: The DNS is assumed deleted. Navigation accuracy should be
calculated by the data transfer system. Mission paperwork will be completed by the
flight data recording system and the data transfer system.

Navigation Functions:

Navigate by Dead reckoning

Update navigation systems (INS, radar, compasses, etc.)

Update estimated time of arrivals (ETASs) for pilot HF reports

Perform orbit holding procedures via commands to the pilot (orbital pattern

displayed)

Computation of distance, time, fuel, and route of fiight for waypoints and
divert airfields

Mission paperwork (Form 200, Inflight Log, etc.)

Record significant mission events (waypoints, refuelings, 30-min updates, .
etc.)

Provide station keeping information and commands

Alr Refueling Functions:

Calculate air refueling control time (ARCT) to air refueling control point (ARCP)
Command true airspeed (TAS) 1o make timing for ARCP or waypoints (ADIZ)
Command track to make timing for ARCP or waypoints (ADIZ) within

designated corridor
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Conduct rendezvous (point parallel, etc.)

Perform orbit holding procedures via commands to the pilot (orbital pattern
displayed)

Compute turn range and offset, time to turn, and range with copilot input of
receiver airspeed, track, and altitude

Mapping of anchor point and refueling track on pilot's display for air
refuelings using anchor points

Track receiver aircraft on radar

Departure/Approach Functions:

Commands for navigation to initial approach fix (IAF) when entered into
the flight mission computer (FMC)

Provide approach and standard instrument departure (SID) information and
commands

Provide ability for airborne radar approach

CONCLUSION

The objectives of this effort were to complete a function analysis of the four KC-135
crew positions and to recommend function reallocations and automation concepts that can
be integrated into a three-man crew KC-135 cockpit configuration. The effort began at
Castle AFB where task listings for each crew position were validated. The function/task
lists were then refined iteratively at Grissom AFB and Rickenbacker AFB. At the same
time, data were collected concerning inputs, equipment, sensory modality, workload,
control activations and task errors . Eighteen mission events were selected spanning
from mission planning to after landing. Additional workioad data were collected for each
of these 18 events. Using the function analysis and the workload data, KC-135
crewmembers and CSEF engineers spent three days reallocating all navigator functions
among the remaining crewmembers or automation concepts. The resuits of the function
reallocation and requirements of certain automation concepts will be used by the CSEF
cockpit design team during development of a three-man crew KC-135 cockpit
configuration.

Throughout this effort, concern was expressed about removing the navigator from the
KC-135; from the loss of "another set of eyes in the cockpit,” to the increased training
of the three remaining crewmembers. Replacing the navigator will be an automated
system and a copilot whose primary role will be navigation. In essence the copilot is
being replaced by a navigator who can fly the aircraft. The boom operator will have to
take a more active role in the positive control of the aircraft and its systems. No longer
will both pilots have the sole task of piloting the aircraft. Both must have the ability and
training to share the navigation role, possibly switching roles while in flight. The little
"free” time that a four-man KC-135 crew had will grow smaller, while overall reliance
on automated systems, particularly navigation systems, will have to increase.
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DISCUSSION

A three-man crew KC-135 should be capable of maintaining the flexibility and
capability of the four-man crew KC-135, but only at a price of more automated and
integrated systems, an overall increase in flight crew workioad and increased aircrew
training.

SYSTEM AUTOMATION

The systems most in need of automation involve the navigation functions and mission
planning/execution paperwork. A system integrating these two functions would be the
best solution since they are, to a great extent, concerned with the same information. The
function of navigation should be automated, as much as possible, so pilots will only have
to monitor the system and respond to its command indications. However, the aircrew's
ability to input information or select navigation information sources should not be
abridged. The system should be mechanized to allow for fixtaking and navigation source
selection to assure aircrew control of navigation under degraded modes of operation. An
automated system for mission planning/execution paperwork feeding directly into the
aircraft's navigation system and mission computer could reduce some of the workload
associated with crew reduction, while increasing the flexibility of the link between
mission planning and execution.

CREW WORKLOAD

The workload of a three-man crew will be higher than that of a four-man crew,
without extensive redesign of the cockpit and flight controls. Since the scope of this
effort included minimum impact on the existing KC-135 cockpit while maintaining the
system's capabilities, the function reallocation team attempted to maintain the crew
workload at a "manageable” level. Requiring the same functions be completed in the same
amount of time by a reduced number of crewmembers cannot escape an increase in
overall crew workload without automating several navigator functions.

AIRCREW TRAINING

Aircrew training will have to be increased to account for the additional crew duties
levied upon the remaining crewmembers. All crewmembers should be trained on the
new systems that will be implemented, as well as in navigation theory and practice.

RECOMMENDATIONS

The following are the CSEF's recommendations for the aircraft systems that would
meet the requirements of the functions allocated to the automation concepts. These
recommendations have been structured for use by the CSEF cockpit design team in their
effort to develop a three-crewmember KC-135 conceptual cockpit design for simulation

purposes.
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PILOT/COPILOT

Throughout the function reallocation the pilot was defined as the pilot actually flying
the aircraft at any given time. The copilot was defined as the non-flying pilot. Thus,
both pilots should be able to take on either role at any given time. Navigation tasks are
considered the responsibllity of the copiiot. Several control panels (IFF, radar, etc.)
will need to be moved, duplicated, or made accessible through the control/display units
(CDUs) to provide access to both pilots.

SWITCH/DISPLAY RELOCATIONS

Switches and displays found on the navigator's station that will require activation or
monitoring in a new mechanization should be moved to a position accessible to one or
both of the pilots (navigation systems power switches, warning lights, etc.).

SECRET DOCUMENTATION

Secret documentation should be positioned in a place accessible to all crewmembers.

DOPPLER NAVIGATION SYSTEM
The Doppler navigation system should be removed.
CELESTIAL NAVIGATION

Celestial navigation should no longer be a requirement.

FLIGHT DATA RECORDING SYSTEM

A flight data recording system should be installed to take the place of the navigator's
log.

DUAL INERTIAL NAVIGATION SYSTEMS (INS)

Dual Inertial Navigation Systems were considered necessary for system navigation
accuracy.

GLOBAL POSITIONING SYSTEM (GPS)
The aircraft should be equipped with receivers for the GPS.

NAVIGATION DATABASE

The aircraft should have a navigation database onboard, either totally indigenous or
merely a host system for a data transfer system. This navigation database shouid, as a
minimum, include the three-, four- and five-letter identifiers and corresponding
information of all navaids, refueling tracks, anchor areas, and airfields near the route of
flight (location, elevation, frequencies, runway lengths, etc.) as well as waypoint
information. Other useful information include: Location and pertinent information on
restricted airspace (area, dates, times, altitudes, etc.), standard instrument
departure/approach information (turnpoints, IAFs, frequencies, MDAS, etc.), and
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radar fix information (location, elevation) that couid be loaded via the data
transfer system.

DATA TRANSFER SYSTEM (DTS)

The DTS should include automated flight plans, takeoff and landing data, navigation
information (Form 200), fuel information, and weight and balance information that can
be transfered to the aircraft navigation database. Information updates (Notes To Airmen
(NOTAMSs), Flight Information Publications (FLIPs), Crew Information Files (CIFs))
shouid automatically update information on navaids, airfields, restricted airspace, and
other database entries.

NAVIGATION SYSTEM

The navigation system should be capable of integrating all navigation information
(navaids, INS, GPS, radar) for a navigation solution. Updating should be virtually
instantaneous so the aircraft corrects for track automatically when in autopilot modes or
gives commands for return to track in manual modes. Weather avoidance modes should
allow the copilot to either enter the new waypoints via a CDU or by a cursor, and have a
correct to track option. Navigation charts should only be needed as a backup or reference
information. The copilot shouild be able to select the navigation input(s) (INS 1, INS 2,
GPS, radar) in case of degraded modes or malfunction.

RADAR SYSTEM

The copilot should control the radar system. Since either pilot can take this role, the
controis for the radar system should either be centrally located for access by both
pilots, or each pilot should have his own radar controls. The radar system should have
ground map, skin paint, beacon, and weather modes. As a minimum, the beacon mode
shouid allow the copilot to designate a receiver for tracking purposes; this ability
should prove useful in the skinpaint mode as well. Color radar displays should seriously
be considered to reduce cognitive processing time.

CONTROLS AND DISPLAYS

Each pilot should have his own control/display unit. The four CRT dispiays should be
capable of displaying any format in either an original or a repeater mode. Navigation
displays shouid be able to display waypoints, desired track, actual aircraft location,
navaid information and radar information (weather, skin paint, beacon, or ground map).
A station keeping display should give the pilot the information needed to maintain
aircraft control and station when in a cell an d during cell join up. Each display should
have a complete set of controls for brightness and contrast, as well as gain, range,
antenna tiit, and cursor controls for those displays that will be used with the radar.

TRAINING

Sacret Documeniation

All crewmembers should be trained in the handling, decoding, and usage of classified
material so that any crewmember can receive classified messages as they are received.
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Data Transfer System

All crewmembers should be trained in the use of the DTS as it applies to their crew
position. Pilots should be trained in the navigation, and fuel aspects of the DTS, while
boom operators should be trained in the weight and balance and cargo loading aspects of
the DTS. All crewmembers should be trained in the DTS as it applies to NOTAMs, FLIPs,
CiFs, etc.

Navigation System

Pilots will need to be trained in navigation theory and the specific navigation systems on the
aircraft. Boom operators, as a minimum, should be trained in the aircraft's navigation systems as a
precaution against incapacitation of a pilot.
Badar System

Pilots will need to be trained in radar theory and actual radar system performance.
Again, boom operators should be trained in the aircraft's radar systems as a precaution
against incapacitation of a pilot.
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APPENDIX A

FOUR MAN CREW TASK LISTS
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APPENDIX C

WORKLOAD QUESTIONNAIRE AND RATINGS DESCRIPTION
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INSTRUCTIONS

Introduction: We are trying to determine the amount of workioad, or mental workioad as we call
it, required for each crewmember during various phases of the mission or while accompiishing
various checklists. A list of the phases/checklists we are interested in are shown on the next page.
Place your ratings on this page. This st focuses on events that take piace during the mission for
each crewmember given the scenario below. Think of what you do (in the same scenario) during
each event and make your rating accordingly. A 1-t0-10 workload scale is provided along with a
written description of what each number rating means. Please use the written descriptions as a
guide when making a rating and please make ratings on your own.

Workload Definition: For our purposes, workioad is composed of a Time Facior, a Mental
Effort Factor, and a Strass Factor. Time refers to the total amount of time available to accomplish
the given functions as well as any overlap of functions. Mental effort is the amount of attention or
concentration required to perform the function, and Stress is the presence of confusion,
frustration and/or anxiety associated with performing the function. In the Workload Chart you will
notice the term "mental workload," remember that mental workload includes a time tactor, mental
effort factor, and a stress factor. Please consider these three factors when making a rating.

Scenario: You are the #2 aircraft in a 2-ship CelVMITO leaving Mildenhall. You will be carrying
support cargo and a crew chief. Your mission is to refue! F-4s over the Baltic Sea (assume no radar
returns) in confined airspace. There is one refueling track, and a point parallel rendezvous will be
used. The F-4s arrive late. After refueling, you head toward Fairford, your intended recovery
base. Due to weather throughout the region, you are directed to recover to Zaragosa. After
planning the divert, the lead navigator's equipment goes out and the #2 navigator must take on
the lead navigation responsibilities. The communication level throughout this mission is EMCON-
2.
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WORKLOAD RATING SHEET

WORKLOAD RATING

Mission planning
Squadron/base ops and combat crew duties
Poweroff/walkaround inspection
Power on inspection

Starting engines and before taxi
Taxi

Before takeoff

Takeoff

Cell join up

Cruise #1

Preparation for contact

Air refueling

Cruise #2

Plan divert

Descent

Approach and landing

After landing
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WORKLOAD RATING SCALE

DIFFICULTY LEVEL OPERATOR DEMAND LEVEL RATING
VERY EASY OPERATOR MENTAL EFFORT S MINIMAL AND
HIGHLY DESIREABLE DESIRED PERFORMANCE IS EASILY ATTAINABLE
EASY OPERATOR MENTAL EFFORT IS LOW AND
DESIREABLE . DESIRED PERFORMANCE IS ATTAINABLE
FAIR ACCEPTABLE OPERA | OR MENTAL EFFORT IS REQUIRED
MILD DIFFICULTY TO ATTAIN ADEQUATE SYSTEM PERFORMANCE
MINOR BUT ANNOYING MODERATELY HIGH OPERATOR MENTAL EFFORT IS REQUIRED 4
DFFICULTY  TOATTAIN ADEQUATE SYSTEM PERFORMANCE
MODERATELY HIGH OPERATOR MENTAL EFFORT IS REQUIRED

1S MENTAL WORKLOAD
LEVEL ACCEPTABLE

TOLERABLE DIFFICULTY

OBJECTIONABLE DIFFICULTY
VERY OBJECTIONABLE 8UT

TO ATTAIN ADEQUATE SYSTEM PERFORMANCE

MAXIMUM OPERATOR EFFORT IS REQUIRED
TO ATTAIN ADEQUATE SYSTEM PERFORMANCE

MAJOR DIFFICULTY

“MAXIMUM OPERATOR MENTAL EFFORT IS REQUIRED
TO BRING ERRORS TO MODERATE LEVEL

ARE ERRORS
SMALL AND
INCONSEQUENTIAL

MAJOR DIFFICULTY

MAXIMUM OPERATOR MENTAL EFFORT IS REQUIRED
TO AVOID LARGE OR NUMEROUS ERRORS

MAJOR DIFFICULTY

INTENSE OPERATOR MENTAL EFFORT IS REQUIRED TO ACCOMPLISH
TASK, BUT FREQUENT OR NUMEROUS ERRORS PERSIST

RAOAS MAY B .
LABGR SR PR BOENT IMPOSSIBLE
A INSE T, KPE

Lopermon oecnsnonsJ

INSTRUCTED TASK CANNOT BE ACCOMPLISHED
RELIABLY

10
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APPENDIX D

THREE MAN CREW TASK LISTS
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