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FOREWORD

This report documents the first phase of a two-phase effort

called the Tanker Avionics/Aircrew Complement Evaluation (TAACE).
The results obtained in an experimental cockpit mockup design effort

: concerned with developing the crew station avionics criteria to be

4 met for a 3-man crew complement (pilot, copilot, boom operator) to

4 complete all KC-135 mission requirements without compromise to
either mission performance or aircraft operational safety are
reported herein.

The program is being conducted under an Air Force Systems Com-
mand Memorandum of Understanding between the Aeronautical Svstems
Division, RC-135 Avionics Modernization Program Office (ASD/SD-28)
managed by Mr. Tom Biggs, and the Flight Dynamics Laboratory
(AFWAL/FIGR), Wright-Patterson AFB, Ohio. The Flight Dynamics
Laboratory portion of the program is managed by Mr. Richard Moss,
Program Manager, AFWAL/FIGR, and Lt Donald Sevler, Lead Engineer:
Crew Systems Design Phase, AFWAL/FIGR.

The report was prepared in part by the on-site Human Factors {
Group, located at Wright-Patterson AFB, Ohio, Electronic Systems, :
Bunker Ramo Corporation, Westlake Village, California, under USAF ;
Contract No. F33615-78C-3614, Project No. 23915100. Mr. Robert 1
A. Bondurant, III (AFWAL/FIGR) is the contract monitor.

The authors wish to acknowledge the assistance from Lt Mark
Hussey and Lt Tom Roberts, formerly of AFWAL/FIGR, for their
essential contributions concerning the present study experimental
design and set-up, testing, and report preparation. 1In addition,
recognition is given to Mr. Tom Molnar (AFWAL/FIGL) for critical
assistance in the development of the nav management svstem;

Mr. John Kozina (Bunker Ramo) and Mr. Fritz Baker (Lear Siegler)
for engineering assistance in experimental equipment integration;
Mr. Rick Helton and Mr. Tom Pavton (AMFTD) for construction of the
KC-135 mockup; Capt Steve Kolet (AFWAL/FIGX) for extensive consult-
ing regarding KC-135 operations; and Cindy Gier and Sandy Dickey
(Bunker Ramo) for untiring administrative support.

This research effort was performed between June 1978 and May
1979,
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SUMMARY

This report documents a mockup cockpit design study which was
the first phase of a two-phase effort currently being performed in
support of the USAF KC-135 Avionics Modernization Program. The
report is presented in three volumes: Volume I describes the
exper imental design and summary of results; Volume II presents the
study data; and Volume III details the mission scenario.

To address the cockpit design issues relating to eliminating
the navigator from the KC-135 tanker aircraft, a full scale mockup
was designed and was "flown" by operational aircrews over a repre-
sentative mission profile. The results of the study are presented
in this paper. To develop the experimental design around answer-
ing the question of how to eliminate the navigator position from
the aircraft, a mission analvsis and composite mission scenario
were constructed, and three candidate suites of available control/
Aigplay avionics were identified and arranged in the full-size
representative KC-135 cockpit mockup. Nine fully qualified
Strategic Air Command tanker (KC-135) aircrews, consisting of two
pilots and a boom operator, "flew" the composite mission scenario
and the three candidate avionics suites. Thev thereby provided a
subiective data bhase that formulates the results and conclusions
of the present study.

The primarv issues addressed during this study were the avi-
onics control and display criteria to be met in the event of the
reduction of the crew complement for the KC-135. The resultant
data of the experiment suggested that subiject crews were strongly
supportive of a reduced crew complement only if certain present
and useful KC-135 avionics hardware is relocated while other hard-
ware that has hecome unacceptably outdated or has outlived its
usefulness is significantly updated. The crew members were verv
much in favor of including as new hardware a navigation management
system that could display at least six upcoming waypoints at a
time with an almost infinite wavpoint storage capacity. Addi-
tional capabilities of the svstem included fuel management/status
update and display, automatic present position update in relation
to flight plan, and the ability to calculate center of gravity and
takeoff/landing computations. During refueling overations, hold-
ing and rendezvous patterns could also be preprogrammed into the
svstem.

Another major modification to the cockpit design which was
judged bv the crews to be indispensible for mission accomplishment
with a reduced crew size was the horizontal situation Aisplay.
This device, which replaced the standard horizontal situation
indicator, not onlv could displav that standard information, bhut
also allowed the selection of a moving map alone or with weather,
ground mapping, or radar beacon overlavs. 1In addition, certain
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other flight parameters such as glide slope, groundspeed, course,
and time and distance to the next wavpoint were available on the
per imeter and at the corners of the displav itself.

Other changes to the current KC-135 avionics lavout rated
highly bv the crew members were the use of vertical-scale engine
instruments and the inclusion of a caution/warning annunciator
panel. This panel consolidated all caution and warning indicators
into one area of the front instrument panel directly in view of
the pilot and copilot. The panel area was made available through
the use of the vertical-scale instruments.

It should be noted that although the crew station reconfigura-
tions presented in this report were analyvzed in the context of a
reduced crew complement (i.e., without a navigator), many of the
findings about enhanced ability to accomplish the mission while,
at the same time, reducing crew workload are applicable even with-
out eliminating the navigator crew position. Given the rapidly
increasing amount of information that must be assimilated by the
pilot and copilot in a potentially expanding hostile environment,
it becomes imperative that advanced technology in the form of
multipurpose displays and computers be incorporated in crew sys-
tems designs to perform some of the paperwork/navigation computa-
tions which presently consume a significant amount of time and
substantially contribute to aircrew workload.

Based on the results of this study, it can bhe stated that
accomplishment of the aerial refueling mission is feasible with a
two pilot, one boom operator flight crew bv reallocating crew
tasks and bv utilizing 1980 state-of-the-art crew systems, includ-
ing a navigation management svstem, electronic horizontal situa-
tion/multipurpose displas, and generallv upgraded avionics
svstems.




TANKER AVIONICS/AIRCREW COMPLEMENT EVALUATION

MOCKUP EVALUATION PHASE

\ VOLUME III: MISSION SCENARIO

1
X
This volume contains.1l) a %ribbon-in-the-sky* depiction of the

mission scenario used during the mockup exercise,/2) a narrative

overview of each mission leg, 3) a mission profile gravh depicting
climbs and descents during the different mission segments, and 74)
the mission scenario for each leg which outlines the specific

tasks to be accomplished by the pilot, copilot, and boom operator
during the mockup *flying® session.
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