Form Approved
REPORT DOCUMENTATION PAGE OMB Mo Do 0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing the burden, to the Department of Defense, Executive Service Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no person
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE 15 SEPT 2000 |2. . REPORT TYPE 3. DATES COVERED
TECHNICAL/ RESEARCH 10 AUG. 2004-SEP. 20005
4 TITLE AND SUBTITLE 5a. CONTRACT NUMBER
F426 20-00-D-0028
AERIAL REFUELING LIGHTING STUDY
5b. GRANT NUMBER
N/A
5c. PROGRAM ELEMENT NUMBER
N/A
6. AUTHOR(S) 5d. PROJECT NUMBER
KALT, DEXTER H. N/A
DONAHOO, CARLTON
MANDRE, TAARO 5e. TASK NUMBER
CRABTREE, MARK NIA
QUILL, LAURI 5. WORK UNIT NUMBER
N/A
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
UNIVERSITY OF DAYTON RESEARCH INSTITUTE (UDRI) REPORT NUMBER
SUBCONTRACTOR FOR AEROSPACE ENGINEERING SPECTRUM NONE
(AES) LTD. 1307 WEST 2550 SOUTH OGDON, UTAH 8440
9. SPONSORING/MONTORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
ASC AIRVEHICLE SUBSYSTEM GROUP UDRI
BLDG. 560, 2530 LOOP ROAD WEST
WRIGHT PATTERSON AFB, OHIO 45433 T SPONSORINONTOR S REPORT
NUMBER(S)
NONE

12. DISTRIBUTION/AVAILABILITY STATEMENT

UNLIMITED (PUBLIC DOMAIN)

13. SUPPLEMENTARY NOTES
DOCUMENT IN TWO PARTS  TEXT AND ATTACHMENTS

14. ABSTRACT

THE OBJECTIVE OF THIS STUDY WAS TO DETERMINE AIRCRAFT LIGHTING THAT PROVIDE OPTIMUM VISIBILITY AND DEPTH
PERCEPTION FOR THE BOOM OPERATOR AND VISIBILITY FOR THE RECEIVER PILOT TO MINIMIZE RISK DURING THE AERIAL
REFUELING PROCESS FOR BOTH THE BOOM —-RECEPTACLE AND THE PROBE-DROGUE METHODS. ANOTHER GOAL WAS TO
PROVIDE A GUIDE TOWARD MEETING THESE REQUIREMENTS. THE STUDY ALSO WAS DESIGNED TO ADDRESS RECOMMENDED
CURRENT NEAR-TERM AND FUTURE LIGHTING TECHNOLOGIES THAT COULD BE APPLIIED TO EXISTING AND FUTURE PLATFORMS.
SEE EXECUTIVE SUMMARY IN THE REPORT.

15. SUBJECT TERMS

BDA — BOOM-TO DROGUE ADAPTER KIT AR - AERIAL REFUELING
NVG- - NIGHT VISION GOGGLES

PDL-- PILOT DIRECTOR LIGHTS

UARRSI-- UNIVERSAL AR SLIPWAY INSULATION

16. O- 17. LIMITATION OF | 18 NUMBE [19a. NAME OF RESPONSIBLE PERSON
a.REPORT __ |b. ABSTRACT |c. THIS PAGE ABSTRACT ROF ROBERT MARX
U u uu gé'\gfg‘ 19b. TELEPHONE NUMBER
v ATTOHS 937-255-8950

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18
Adobe Professional 7.0



UNIVERSITY
of DAYTON

RESEARCH
INSTITUTE

UNIVERSITY OF
DAYTON
RESEARCH
INSTITUTE

Human Factors Group
300 College Park
Dayton, OH 45469-0110
(937) 229-2287

FAX (937) 229-4251

Aerial Refueling Li%htiri Studyé
inal Repor

September 15, 2005

Prepared For:

ASC Air Vehicle Subsystems Group
Building 560

2530 Loop Road West
Wright-Patterson AFB OH 45433

Prepared by

University of Dayton Research Institute (UDRI)
Dexter Kalt

Carlton Donahoo

Taaro Mandre

Mark Crabtree

Laurie Quill

300 College Park

Dayton, OH 45469-0110

UDRI is a subcontractor for

Aerospace Engineering Spectrum (AES), Ltd.
1307 West 2550 South

Ogden, Utah 84401

Attn: Roger Moore

rmoore@espectech.com

As part of
Contract No: F42620-00-D-0028



1. Executive Summary

This one-year study was completed by the University of Dayton Research Institute
under USAF contract # F420-00-D-0028 dated 10 Aug 2004. The effort was performed
under subcontract to Aerospace Engineering Spectrum (AES), Ltd. The tasks of this
study were directed toward meeting the requirements set forth in the USAF statement of
work.

The objective of this study was to determine aircraft lighting requirements that
provide optimum visibility and depth perception for the boom operator and visibility for
the receiver pilot to minimize risk during the aerial refueling process. Another goal was
to provide a guide to meeting these requirements. The study also was designed to
address/recommend current, near-term and future lighting technologies that could be
applied to future and existing platforms.

Aerial refueling is highly dependent upon the participating operators’ abilities to see
and accurately locate the receiver aircraft and aircraft in formation, as well as the receiver
aircraft pilot’s capability to determine position relative to the tanker. Difficulties in these
areas are exacerbated during low light or night aerial refueling operations. Lighting
provides not only indication of relative location and facilitates communication but also
highlights the critical visual cues needed for judging relative motion and for depth
perception. This is true both for the boom/receptacle and for the probe/drogue refueling
systems. This study focuses on tanker aircraft including the KC-135 and the KC-10, on
the variety of receiver aircraft who participate in aerial refueling and on future tanker and
receiver aircraft.

The recommendations of Paragraphs 10.1, 10.2, 10.3 and 10.4 contained in this report
are based on assessments of the data gathered from a wide variety of sources, including
input from users of aerial refueling lighting and markings. These sources can be
categorized into three general areas. Each of these three areas and the sources used are as
follows:

Search and Familiarization

¢ a lighting manufacturing plan tour including lighting demonstrations and
hardware examination,

e document and records search and review,
e team tutorials

e technical and operational briefings at Aerial Refueling Systems Advisory
Group (ARSAG) conferences

e internal subject matter expertise (forty-five years’ focused experience in aerial
refueling),

e meetings with subject matter specialists regarding night vision goggles (NVG)
including demonstration and use of latest NVG technology and equipment,
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Interviews
e interviews with pilots,
e interviews with boom operators,
e interviews with subject matter experts,

e discussions and exchanges among users and manufacturers in ARSAG’s
Lighting Panel,

e discussions and exchanges in ARSAG’s Special Topics Meetings,

e direct inputs solicited from aerial refueling users regarding aerial refueling
lighting and markings experiences and needs.

Questionnaires

e receiver pilot questionnaires, and

e tanker operator questionnaires.

This project was specifically designed to gather and integrate aerial refueling
information from as broad a range of individuals, aircraft, organizations, equipment,
methods and technology as possible. It was a goal of this research to take advantage of
recorded lessons learned from the past along with expressions of contemporaneous
experiences and challenges, and subsequently offer ideas for potential future
improvements through new technology and methods.

An examination was conducted of new lighting technology that could replace
old/existing equipment and greatly enhance lighting and markings methods, hardware
reliability and equipment life. Findings are reflected in the new concepts and
recommendations presented in this report.

The value of the recommendations and potential solutions to problems offered herein
are open to further examination as other factors including operational needs and budget
issues are considered. This report also recommends the use of comparative evaluations
when alternative or conflicting ideas are presented. Effective, accurate, appropriate and
cost-effective evaluations can be conducted using scale model photography and aerial
refueling simulators that can be modified for lighting and marking analyses. Two such
simulator facilities currently exist at the United States Air Force Research Laboratories
(AFRL) at Wright Patterson Air Force Base, Ohio. Discussions with AFRL personnel
indicate these facilities that currently are programmed for other studies and research
could be modified to allow comparative evaluations of lighting and marking concepts for
both unaided and aided vision.

The two AFRL simulator facilities at WPAFB identified by this study, which
potentially could be used in evaluating aerial refueling lighting and marking concepts,
were classified into two aerial refueling phases. The first facility appears to best serve
the initial tanker identity, approach to pre-contact, and traffic control aerial refueling
Phase | (Global Phase).
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The second facility provides some overlap in global capability but best lends its
capabilities towards the pre-contact through the hook-up/disconnect phase of the aerial
refueling operations, Phase 1. (Close-Up Phase). Both of the facilities offer potential for
receiver aircraft pilot and boom operator perspectives of low light aerial refueling
operations. The second facility currently is designed for the boom/receptacle method of
aerial refueling. It is understood that both facilities can be modified to the probe/drogue
method of aerial refueling.

In addition to simulation facilities, the use of scale aircraft models and partial aircraft
sections in a photographer’s dark room also provides a quick and low cost initial method
for evaluating a variety of lighting and markings issues.

RECOMMENDATIONS

Tanker, General

Complete underbody illumination of the tanker is critical to the receiver pilot in
maintaining close formation with the tanker, especially under ambient low light level
conditions. Additionally, air turbulence combined with tanker turns and tanker non-
illuminated fuselage close formation references (normally available during daylight
illumination conditions) are critical factors requiring a fully illuminated tanker
underbody. This is true for receiver pilots of both boom/receptacle and probe/drogue
aerial refueling systems. Matching airspeeds and maintaining a safe attitude in close
proximity to the tanker requires close formation tanker references, particularly when the
receiver pilot does not have a natural horizon for reference. Overall tanker underbody
platform references are required for maintaining close tanker formation under all lighting
conditions, day or by artificial light sources at night.

Formation Flood Lighting Underbody Surfaces

All tanker underbody surfaces (wing, fuselage, horizontal tail, engine nacelles) and
wing leading edge should have balance and symmetrical illumination for low light level
conditions.

Light Source Visibility

Light sources for surface lighting should not be visible to the receiver aircraft pilot in
either the wing formation position or the refueling positions. This includes aerial
refueling with wing mounted aerial refueling stores/pods (drogue or boom), centerline
boom, BDA kit or centerline hose type systems.

Dimming Controls

Each light source should be individually fully dimmable from full bright (adequate
for all light conditions) to full off with failure mode detection. A master dimming control
be provided which allows the operator a single dimming control of all tanker external
lighting (except the boom nozzle light) to enhance the use of night vision goggles (NVG).
Covert operations using infra-red light sources also should be dimmable.
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Aerial Refueling Equipment and Critical Reference Illumination

All light sources should provide sufficient illumination for all key aerial refueling
references, i.e., wing stores, engine nacelles, booms, hoses, couplings drogues and other
aircraft references, i.e., antennas, rivets, etc. for all ambient lighting conditions.

Underbody fuselage Strip Formation Illumination

Provide a centerline bottom fuselage strip (currently an orange painted stripe) to
extend from nose of tanker to the tail cone at 6:00 OC position on fuselage with active
lighting (i.e., strip lighting with highly reliable LED’s or electro-luminescent strip
lighting). Also provide active lighting (similar to above) lateral strips spaced 10 feet apart
along the underbody to extend from the tail cone to the nose of the aircraft. These stripes
should be extended to center of aircraft body.

Tail Mounted Flood Light

Provide the tanker’s vertical tail or tail cone with redundant flood light sources for
illuminating the top surface of the receiver aircraft and top surface of the aerial refueling
boom and fuselage mounted hose. This light coverage should extend beyond a fully
extended boom at 20° elevation and +15° lateral boom position. The light source should
be a soft light (no direct filament visibility) with sand blasted lens (or equivalent).
Operator controls should be equipped with a distinct position denticulated variable
dimming control with a minimum of 10 positions of dimming. The operator dimming
controller should be provided with lamp failure mode detection.

Anti-Collision Beacon and Strobe Light

The tanker’s rotating beacon/strobe lights (upper fuselage and lower fuselage) should
be equipped with the capability to:

A. be identified as a tanker and aerial refueling equipment (drogue, boom or
dual) aerial refueling capability; and

B. separate operator controls for upper or lower beacon and with full
dimming controls to off.

Note: These separate controls allow appropriate lights to be dimmed or turned
off so that their glare does not interfere with the vision of the receiver pilot and tanker
operators while aerial refueling. During the aerial refueling operation, the lower rotating
beacon/strobe light of the tanker and the top rotating beacon on the receiver aircraft must
be turned off. During the operation, the lower rotating beacon on the receiver should be
turned on so that the aerial refueling formation can be identified.

Vertical Stabilizer (Logo) Hlumination

The vertical stabilizer (both sides) of the tanker should be illuminated to assist in
tanker identity. This light as all external lights are required to be fully dimmable from full
on to full off as described above (individual and master controller).
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Wing Tip Formation References

Illuminated wing tip formation references are necessary for the receiver aircraft to
maintain tanker formation prior to their departure to the refueling pre-contact position.
The use of strip and formation lights have been typically used for this application.

Tanker Boom/Receptacle Method

Nozzle Light

The boom should be equipped with a redundant nozzle light for illuminating the
boom nozzle at any boom telescoping position and for the use as a spot on the receiver
aircraft surface in order to avoid contact with critical fuselage (no contact) areas, i.e.,
windshield, canopy, skin contours, protruding objects, antennas, externally mounted
aerial refueling receptacle installations. This light also should provide illumination of the
slipway/fuselage receptacle tape/paint markings and for locating the aerial refueling
receptacle/slipway of the receiver aircraft.

The nozzle light should be located at a 6:00 OC position within the boom ice shield
with the light filament source not visible to the receiver pilot. The coverage should be the
equivalent to the KC-135 boom nozzle replacement light currently planned for a KC-135
retrofit, i.e., TCTO —1C-1351422 (a kit 1560 KO 180 480 AFL). The fixture should have
as a minimum, the equivalent life of the KC-135 replacement nozzle light and a full
variable dimming control (controlled by aerial refueling operator) from full bright to off
with lamp failure mode detection.

Boom Telescoping Tube Envelope Markings

The boom telescoping tube envelope should be provided with 360° circumference
fluorescent markings illuminated by a light in the boom ice shield. These should be
equivalent to the fluorescent markings (illuminated by a black light) in the KC-135/10
boom ice shield. These markings should be visible to both the boom operator and the
receiver pilot prior to hook-up. Receiver pilots with forward-of-cockpit aerial refueling
receptacles also should be able to see the markings after hook-up. These markings should
be similar to the KC-135 and KC-10 boom marking indicating the boom telescoping tube
center envelope with green markings, yellow indicating limit envelope, and red indicating
out of envelope position. The markings should be compatible with night vision goggles
(NVG) equipment. (Colors are not detectable with NVG.) Standardization of markings
should be a primary consideration.

Pilot Director Lights

Currently, the KC-135, KC-10, KCD-10 and some international KC-707 and KC-767
tankers are equipped with pilot director lights (PDL’s). These PDL’s are light strips
located forward underbody of the tanker. These PDL’s are used by pilots of receptacle-
equipped receiver aircraft to aid the pilot in establishing proper position for hook-up and
in maintaining proper position after hook-up. Prior to hook-up, the boom operator, from
his position in the tanker, has control of the PDL’s to direct the receiver pilot into
position. After the receiver aircraft is in position, the boom operator guides the boom
nozzle into the receiver aircraft receptacle to achieve a hook-up. After hook-up, the
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PDL’s become an automatic system that provides forward/aft and up/down position
information.

With the KC-10, the PDL’s also provide trend information. The KC-10 PDL’s
include several positive features that are not found on PDL’s on the KC-135. These
features include elongated letters, increased white background lighting and brighter color
lighting of green (center of boom envelope), yellow/amber (caution approaching
disconnect envelope), and red (pending disconnect envelope). These lights generally
provide supplementary boom position information to the receiver pilot. These
improvement features originally were incorporated on the KC/KE-707’s international air
forces’ foreign military sales (FMS) tanker aircraft. Improvements were not made to the
KC-135 PDL’s to incorporate these features.

All future tanker aircraft designers should consider, as a minimum, the KC-707/KC-
10 type director light improvements described above.

Receiver aircraft pilots may use a variety of primary visual references on the tanker
underbody: the centerline TACAN antenna at ~FS-966 KC-135, rows of rivets, etc.
These primary references are used in combination with the PDL’s as formation aids
before hook-up and in maintaining proper position on the boom after hook-up.

Alternative Solution for PDL’s

New ideas and concepts for improved equipment that could provide formation,
receiver aircraft position and boom position signals should be evaluated and compared
with the current equipment. New, easily read, accurate equipment could be positioned
further aft on the tanker underbody and serve as a single reference to replace the current
PDL’s and the use of other references such as antenna and rows of rivets.

A combined formation/position (screen) system (CFPS) also should incorporate flush
aircraft contour retraction features to avoid loss of efficiency due to dirt/sand
contamination when not in use. The various models and simulators described in this
report may be used to assess the value of such combined formation/position equipment.

Boom Operator Instrumentation Panel and Receiver Pilot Cockpit Three Position
Status Lights

The three position cockpit/operator station status lights currently used by both the
boom operator and receiver pilot (blue = ready; yell/amber = contact made; red =
disconnect) should be retained as standard for both the boom operator and the receiver
pilot. Critical lights and boom position instrumentation should be in the boom operator’s
line of sight to the receiver aircraft.

Boom Load Indicator

Investigate incorporating a boom nozzle load indicator in the boom operator’s line of
sight with crosshairs/load circles to ensure that telescoping boom loads are within normal
operating load parameters and below limits.

Boom Interphone

Provide tanker with through-the-boom inter-communication capability.
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Tanker Drogue Method

Receiver Closure Rate Warning Lights

Methods should be investigated for warning receiver pilots that safe closure rate
(prior to contact) is being exceeded. The CFPS described in Paragraph 1.12.1 above
could be programmed to provide information for the centerline hose reel system.

External Tanker Status Lights (Drogue System)

The three position status lights currently provide aerial refueling drogue system status
to the probe equipped receiver pilot and the tanker operator: yellow/amber = ready (for
hookup); green = fuel flowing; red = low/no hose response (no hydraulic), i.e.,
emergency hook-up only.

Provide the receiver pilot three-position status lights as described above. In some
cases, a flashing yellow light that indicates inner and outer hose envelope position has
been exceeded also should be provided. These lights should be visible to the receiver
pilot from pre-contact to disconnect. Duplication of these status lights may be necessary
depending on receiver pilot position before and after hook-up and throughout hose
envelope position. The hose reel operator should be provided a duplicate set of these
status lights on the hose drogue operator panel for each drogue system employed wing or
fuselage. These lights should be provided with dimming controls from full bright to full
off.

These three status lights should be NVG compatible and internationally standardized.
Currently four or more variations of NVG-compatible designations are either proposed
and/or incorporated on existing and new tanker aircraft. A single universal international
designation should be adopted which best serves the receiver pilots. An evaluation of all
current/proposed methods be conducted and a single NVG compatible standard be
adopted and that configuration be illustrated and mandatory for all probe/drogue aerial
refueling procedure technical orders, (ATP-56) STANAG 3971 and STANAG 3447, as
the international standard.

Tanker Turn Indicator Light
Investigate methods for alerting receiver pilot that tanker turn is imminent.
Boom-to-Drogue Adapter Kit (BDA Kit)

Methods for providing BDA kit hose position and refueling status should be
investigated. This status should be made available to both the receiver pilot and the
boom operator.

Drogue/Coupling Lighting, Markings and Hose Markings Illumination

Currently, most couplings and drogue canopies are either white or equipped with
wide angle reflective white tape/paint. Some drogues and attached couplings are
equipped with generators supplying electrical power to small incandescent lights attached
to the drogue struts thus providing internal cone illumination. In some cases, tritium
buttons are used in lieu of lights to identify the drogue internal cone.
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Recently, external illumination by use of LED’s to identify the external
coupling/drogue hardware has been employed by tanker aircraft. This external lighting
configuration of the coupling/drogue provides the receiver pilot valuable information as
the receiver pilot moves from the wing formation position on the tanker to the pre-contact
position behind the drogue.

As a minimum, the above lighting and marking configurations for both internal
drogue cone and external coupling and drogue should be provided for all future tanker
coupling/drogue aerial refueling systems.

Aerial Refueling Hoses

The hose and hose markings provide the receiver pilot tanker closure rate and
position information. In some aerial refueling hose installations, additional hose markings
also may provide the receiver pilot center-of-envelope, inner and disconnect position
limits.

Standard 10 foot spacing of hose markings with contrasting hose colors (black hose
with white markings and white hose with black markings) is recommended. Hose
inner/outer limits and center-envelope should be evaluated as optional standards in aerial
refueling system lighting simulators. The white hose offers lighting visibility value over
the black hose. Also, the white (1 ft) markings on the black hose become dirty, and it
becomes difficult to illuminate and visually detect the white/black marking contrast.
Lighting for wing mounted drogue stores/pods and hoses should be provided by forward
tip of horizontal tail lights.

Existing Tankers Aerial Refueling Lighting Improvements
KC-135

Four primary improvements recommended for the KC-135 aircraft are:

1) illuminate the aft empennage body from the wing root to the tail cone including
underneath the horizontal stabilizer.

2) provide active lighting for the centerline orange fuselage stripe.

3) expedite the retrofit of the existing nozzle light with the nozzle light kit flight and
service tested by USAF/AMC in the early 1990’s. This light is now being
implemented. All KC-135 aircraft are to receive the retrofit kits by end of August
2005 in accordance with TCTO-I1C-135-1422 and A-kit 1560 KO-180 480 AFL.

4) improve boom position pilot director lights similar to those used on the KC-10
and KC-707 international tankers as described previously. Alternatively evaluate
new concept of Paragraph 1.12 herein as a potential retrofit.

Other improvements to be considered include:

A) tilting the boom position gauges near parallel to the operator window similar to
the KC-707 international tanker configuration;

B) Boom load alleviation indictor;

Xiv



C) vertical tail illumination (both sides); and
D) all lights modified to have individual dimming controls for NVG compatibility.
KC-10A Tanker

With few exceptions the KC-10A tanker may serve as a starting point for future
tanker lighting and ergonomically efficient designs. Exceptions are the new concept
for PDL’s (Paragraph 1.12.1), active underbody centerline and lateral striping, and
receiver aircraft closure warning light.

Receiver Aircraft, General

This section of the recommendations covers lighting on the receiver aircraft that is
pertinent to the tanker boom operator’s and crew’s view. It includes the
receptacle/slipway and probe equipment.

In addition to the receiver aircraft aerial refueling lighting, side fuselage illumination
also should be a major consideration along with anti-collision lights to assist other
receiver aircraft and tanker crews in aircraft tracking and monitoring.

The following lighting/marking recommendations are provided in addition to those
mentioned earlier for the tanker aircraft to insure that future and current receiver aircraft
are equipped with adequate lighting intensity and reliable lighting/marking to insure safe
and reliable aerial refueling.

Receptacle/Slipway Equipped Receiver Aircraft

A. Provide redundant slipway/receptacle lighting as a minimum equivalent to the
UARRSI,

B. Provide adequate lighting for areas on receiver aircraft in which protruding
objects, aircraft engine nacelle contours and receptacle slipway installations are
raised above aircraft contours that cannot be illuminated by the tanker lighting,
i.e., tail mounted floodlight (TMF). Special consideration should be given for
aircraft employing low observable paint;

C. Provide symmetrical and balanced overwing/fuselage lighting;
D. Outline windscreens with reflective paint/tape;

E. Provide T-bar reflective markings and outline receptacle/slipway (UARRSI) with
same;

F. Provide separate on/off controls for upper and lower anti-collision (rotating
beacon) light with full operator dimming controls;

G. Provide fighter/attack aircraft with fuselage side mounted and critical formation
strip lighting;

H. Provide all external lights with full bright to full off dimming controls;

I. Provide all future receiver aircraft with through-the-boom intercom capability;
and
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Retrofit all aircraft currently not equipped with through-the-boom intercom
communications.

The use of receiver aircraft and tanker scale math models for aerial refueling
receptacle installation and receiver aircraft exterior paint should be evaluated by
engineers and operators in both photography laboratories and full scale
simulators. These lighting evaluations should be accomplished prior to prototype
aircraft development to avoid night aerial refueling restrictions to production
aircraft.

Receiver Aircraft Probe Installations

The following recommendations are for the probe equipped receiver aircraft. The
receiver probe/fuselage light sources are designed to assist the receiver pilot in making
the aerial refueling hook-up by illuminating the receiver’s aircraft probe and the tanker’s
aerial refueling drogue/coupling, hose. They also should provide a redundant source of
light for the aerial refueling store/pod, the fuselage hose exit and for other tanker
references, i.e., engine nacelles. The receiver aircraft’s aerial refueling probe nozzle light
and/or fuselage light should provide this illumination for the BDA kit hose/drogue and
boom telescoping tube.

Probe Equipped Receiver Aircraft

1)

2)

3)

4)

Provide a probe and/or fuselage mounted floodlight on the receiver aircraft with
redundant light sources (bulbs) to illuminate the following:

A. Probe nozzle (receiver aircraft)
Drogue/coupling (tanker)

Tanker hose/drogue markings
Aerial refueling store/pod (tanker)
Fuselage Drogue Exit (tanker)

BDA kit hose and boom telescoping tube (tanker)

@ m m o o W

. Critical tanker formation references, i.e., engine nacelle, wing, fuselage
(tanker)

Provide the receiver probe light with cockpit dimming control from full on to full
of;

Provide the smaller fighter/attack aircraft with critical formation fuselage side-
mounted strip lighting; and

Provide the anti-collision rotating beacon light with separate on/off controls and
full dimming capability.

Night Vision Gogagles (NVG) Compatibility and Covert Operations

NVG compatibility is a major issue with some current tanker and receiver aerial
refueling lighting sources not equipped with full bright to full off operator dimming
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controls. Also, the colors used for status lights, pilot director lights and color coded boom
telescope markings are not distinguishable with NVG equipment.

It is recommended that all tanker and receiver aircraft aerial refueling light sources
should be dimmable to full off. The use of color (red, green, yellow) lighting to indicate
aerial refueling status and formation position is ineffective with NVG; other forms of
symbology and/or bright/dim flashing light techniques for transmitting critical
information should be developed. Infra-red (IR) light sources should be provided for all
formation, aerial refueling equipment, TMF, nozzle and PDL lights mentioned above for
covert operations.

New methods and techniques for transmitting critical aerial refueling information
should be evaluated in the aforementioned aerial refueling lighting simulators and/or
scaled mock-ups.

Future Research Concepts Evaluations Methods

Three techniques should be considered for evaluating and comparing potential aerial
refueling lighting solutions/concepts and for evaluating new technologies:

1) The use of scale aircraft models and photography should be employed as a method
for initial evaluations of the receiver pilot’s geometric vision of tanker
references/equipment and boom operator’s vision requirements of receiver aircraft
references/equipment.

2) The use of existing aerial refueling simulators modified for lighting/marking
evaluations will allow initial screening and selection of the best resolution of a given
lighting issue. Some refining of any given solution may be possible depending on the
simulator fidelity and image quality.

3) Initial development aircraft may be used for ground and flight test evaluation of
aerial refueling lighting. Evaluation points may include the lighting direction,
intensity and coverage for the production tanker or receiver.

The recommendations, solutions and new concepts described herein should be
evaluated by the above methods to reduce program risk and provide cost effective
solutions for safe night and day aerial refueling for both overt and covert operations.
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3. Short Bios and Primary Functions

Dexter Kalt, Principle Investigator has 45 years of experience in aerial refueling
research. For over 30 years Mr. Kalt served as a fuel system and aerial refueling
aerospace engineer for the Fuel and Aerial Refueling Systems for Aeronautical Systems
Division (ASD) Fuels and Hazards Branch at Wright-Patterson Air Force Base. Mr. Kalt
co-founded the Aerial Refueling Systems Advisory Group (ARSAG) 27 years ago and
has served as Chairman and Executive Director of that inter-service, international
organization. Presently Mr. Kalt is the president of Aerial Refueling Inc., and is a
member of the Fuels/Materials group at the University of Dayton Research Institute. As
a consultant Mr. Kalt has continued to assist the U.S. Air Force, U. S. Navy, and U.S.
Army as well as U.S. and international military and commercial organizations as they
experienced aerial refueling challenges. Mr. Kalt received a BSME from West Virginia
University in 1959.

Laurie Quill, Project Manager is the group leader for the Human Factors group at
the University of Dayton Research Institute. In her role as group leader, she provides
technical guidance and leadership in initiating and conducting of a variety of research
programs. She prepares and executes plans for human factors research for academic,
government, and industrial customers. Ms. Quill has been conducting human factors
research for 20 years, with an emphasis in human/system interface design. She has
applied human factors principles to the design, development, and test of systems. Ms.
Quill received an MA in Experimental Human Factors Psychology from the University of
Dayton in 1994.

Taaro Mandre, Physicist is manager of the optics laboratory in the Metals and
Ceramics division at the University of Dayton Research Institute. He has over 30 years
experience in the optics arena. Expertise of relevance to this study are Space Segment
System Engineering, Integration and Test of remote sensors and ground station support
equipment specifically graphical user interfaces (GUI’s), design of light sources for
applications ranging from the medical to tactical illuminators, infrared imaging and target
recognition in environments from undersea to space. Mr. Mandre received a BS in
physics from the University of California at Los Angeles in 1972 with graduate studies in
the vertebrate eye.

Mark Crabtree, Senior Researcher is in the Human Factors group at the University
of Dayton Research Institute. Mr. Crabtree has over 30 years of experience in providing
human factors analyses and human performance assessment in military laboratory and
operational environments. For 15 years, he managed and supervised three laboratories
within AFRL/HEC. In this role, he designed and executed studies in cognitive
performance, mental workload, and situation awareness. He has authored over 70
publications and presentations in these areas. In addition, Mr. Crabtree has designed and
supervised the development of numerous simulators to serve as testbeds for a variety of
human performance experiments. Also, he has developed several cognitive performance
assessment batteries including the Air Force's Criterion Task Set (CTS), portions of the
Unified Tri-Service Cognitive Performance Assessment Battery (UTCPAB), and several
commercial test batteries. Mr. Crabtree received a BA in experimental psychology (with
honors) from Wright State University in 1973. He has completed over 70 post-graduate
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hours in human factors and computer systems analysis. Mr. Crabtree is a 30-year
member of the Human Factors & Ergonomics Society (HFES), and is a 10-year member
of the Society of Automotive Engineers (SAE).

Carlton Donahoo, Researcher is a human factors research psychologist at the
University of Dayton Research Institute. In his role as a researcher, he supports the
senior group members with various programs. He has participated in human factors
research for academic, government, and industrial customers. Mr. Donahoo has been
conducting Human Factors research for four years. Mr. Donahoo has primarily assisted
in usability tests for wearable and mobile computing technologies. Mr. Donahoo
received a BA in psychology from Baldwin-Wallace College in 1998, and a MA in
Human Factors and Experimental Psychology from the University of Dayton in 2003.

113



4. Background

The purpose of this effort is to document the best ways to proceed in the development
and evaluation of concepts for lighting system enhancements to improve both current and
future aircraft mission capabilities, and maintenance support.

The scope of this study is to determine requirements that provide optimum visibility
and depth perception for the tanker operator and visibility for the receiver pilot to
minimize risk during the aerial refueling process. The study was also designed to
address/recommend current, near-term, and future lighting technologies that could be
applied to future and existing platforms.

Aerial refueling is highly dependent upon the participating operators’ abilities to see
and accurately locate the receiver aircraft and aircraft in formation, as well as the receiver
aircraft pilot’s capability to determine and maintain position relative to the tanker.
Difficulties in these areas are exacerbated during low light or night aerial refueling
operations. Lighting provides not only indication of relative location but also highlights
the critical visual cues needed for depth perception and facilitates communication. This
is true for both boom/receptacle and probe/drogue refueling systems. Primary focus of
this effort is directed toward aerial refueling such as KC-135, KC-10, tanker-type aircraft
and future aircraft.

This background is provided to describe tanker and receiver aircraft aerial refueling
equipment for both boom/receptacle and probe/drogue aerial refueling systems. In
addition to these two systems, a variation of the tanker drogue system is employed on the
KC-135 boom; it is commonly referred to as the boom-to-drogue adapter (BDA) Kit.
Details of the two different aerial refueling systems and the tanker BDA kit are described
in detail and photos are provided in Attachment 1.

4.1. Aerial Refueling Equipment Description and Operation
Photographs are contained in Attachment 1 for the following discussions.

4.1.1. Boom Receptacle

Transfer of fuel using the boom/receptacle aerial refueling system method requires
two distinctive functions: the tanker boom operator conducts the hook-up functions while
the receiver pilot flies formation on the tanker aircraft. The boom operator controls and
maneuvers the flying boom. The boom is a solid apparatus (~28 ft. not extended, 47.4 ft.
fully extended telescoping tube) long on the KC-135, and (~37 ft not extended to 58 ft.
fully extended telescoping tube) long on the KC-10 that contains a telescoping fuel tube.
It is attached underneath the empennage centerline near the tail of the tanker. The fuel
nozzle is attached to the end of the telescoping tube which fits into the receiver aircraft’s
receptacle. Ruddevator control surfaces allow the boom operator to “fly” the boom. After
the receiver pilot has stabilized the receiver aircraft in position, the boom operator
extends the telescoping tube portion of the boom and its attached nozzle into the receiver
aircraft receptacle.
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Toggles within the receptacle latch onto the boom nozzle latching grooves thus
forming a tight seal with the receptacle’s sliding valve assembly elastomeric seal. This
nozzle receptacle connection forms the fuel flow path between the tanker and receiver
aircraft. When the boom nozzle is inserted into the receptacle sliding valve, a contact
switch is closed sending an electronic signal to provide power to a hydraulic valve to
close the receptacle’s hydraulically actuated toggles. As the receiver’s receptacle toggle
latches are closed and locked onto the tanker’s nozzle, a toggle latch switch closes and
provides electrical power to the receiver aircraft electronic three-position switch (signal
amplifier) through a set of induction coils, one half in the receptacle and the second half
in the boom nozzle. An electrical signal pulse advances both the receiver aircraft signal
amplifier and a similar signal amplifier in the tanker to the latched position.

A set of status lights (ready/contact-made/disconnect) reflect the tanker’s signal
amplifier position by illuminating the tanker contact-made light and the receiver aircraft
nozzle latched light.

Either the tanker boom operator or the receiver pilot can unlatch the nozzle via a
disconnect switch or by exceeding the boom disconnect envelope. Sustained fuel pressure
in the receiver aircraft also may result in a disconnect. The receiver aircraft exceeding the
boom disconnect envelope also will result in a disconnect. In addition to the KC-135
disconnect capability, the KC-10 boom system also employs an independent disconnect
capability which by pneumatic pressure collapses the boom nozzle toggle latch groove
seats.

In both the tanker and most receiver aircraft, the signal amplifier MIL-S-38449 Type
4 also provides through-the-boom intercom communication capability for both the tanker
crew/boom operator and the receiver pilot.

Variations of the aerial refueling receiver aircraft boom/receptacle type or equipment
currently are used throughout the United States Air Force and Navy and international
military services. The Universal Aerial Refueling Receptacle Slipway Installation
(UARRSI) is a modular package with quick removal features. Other receptacle/slipway
installations include fixed integral airframe units and rollover units. Although these
receptacles vary in installation design, the boom nozzle interface is common and
compatible with the military standard MS-27604 boom nozzle envelop/interface
employed on the KC-135 and KC-10 booms and the KDC-10 boom. Receptacle locations
vary with each receiver aircraft. They include nose mounted, forward of windscreen, aft
of canopy windshield and wing root mounted.

4.1.2. Probe/Drogue Aerial Refueling

The receiver pilot is in control during the probe/drogue method of aerial refueling
(see Attachment 1). In this method the aerial refueling hose is unwound from the tanker’s
hose reel drum so that it trails from the tanker fuselage or wing(s). A coupling and drogue
are attached to the end of the hose. The drogue is a cone- (basket-) shaped, collapsible
apparatus that attaches to the coupling and serves to stabilize the motion of the hose.
Additionally, it provides hose drag to achieve a horizontal hose trail position. The
receiver pilot effects contact by maneuvering the aircraft into position so that the probe
nozzle on the receiver aircraft is inserted into the tanker coupling. The connection is
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secured by the coupling’s spring loaded latches. An additional coupling latching force is
provided by fuel pressure, i.e., 2Ibs/psi fuel pressure (~200 Ibs.). After fuel transfer,
disconnect is effected by the receiver pilot by extending the hose to the full trail position
until the nozzle exceeds the coupling latching force. Fuel pressure/flow is terminated at
~5 ft. of the hose full trail position. Also, fuel flow may be terminated by a fixed amount
of fuel to be transferred and is controlled by the tanker operator.

The standard probe/drogue aerial refueling method may be employed on: 1) a tanker
aircraft with a hose reel (wings and/or fuselage), e.g., KC-10 fuselage and wing; KC-135
wing and K/HC-130/MC-130 wing; or 2) a receiver aircraft equipped with aerial
refueling (buddy store) hardware to transfer fuel to another aircraft and designated as a
tanker. These types of drogue systems provide automatic hose tension throughout the
hook-up and fuel transfer sequence.

4.1.3. Boom-to-Drogue Adapter Kit

In contrast to these two systems, the boom-to-drogue adapter kit as described in
Attachment 1 does not employ a hose self-tensioning system; it depends on the receiver
aircraft probe to push the hose into a “C” shape (approximately half the hose length) as
facilitated by the hose end trunnion (1/2 universal joint) just forward of the coupling and
drogue. This BDA kit system provides for a very small geometric hose envelope for
receiver movements after the hook-up is made. In most cases, the boom is positioned to
the 30° elevation (below horizontal), zero azimuth and telescoping tube fully extended.
The boom is not normally moved from this position and is maintained motionless
throughout the aerial refueling. Fuel flow is manually initiated by advancing the signal
amplifier to a “contact-made” condition after the boom operator’s verification that a
positive coupling between the tanker’s coupling and receiver’s probe nozzle has been
established. Disconnect is accomplished by the receiver aircraft by moving the receiver
aircraft to the initial hose trail position. Fuel flow is normally terminated by the tanker
boom operator advancing the signal amplifier from “contact-made” to “disconnect.”

The probe/drogue system for receiver aircraft carry a probe mast equipped with a
standard nozzle IAW international standard STANAG 3447. The tanker is equipped with
a drogue and coupling also IAW international standard STANAG 3447. Probe
installations vary between each type of receiver aircraft, and are located in the nose area
of the aircraft so that the receiver aircraft pilot can see the probe mast’s nozzle.

Other important factors include monitoring the probe equipped receiver aircraft
closure rate on the tanker drogue equipment, i.e., wing, fuselage hose reels and the BDA
kit. The wing/fuselage hose reels require less attention than the KC-135 BDA kit. Closure
on BDA kit drogue requires that the receiver achieve a very low closure rate due to the
extremely small drogue/hose envelope. Also, the boom operator is required to initiate fuel
flow procedures by observing the hose and receiver aircraft contact. Standard BDA kit
procedures require no boom movement or tracking assistance prior to and during the
hook-up/disconnect evolution. The boom operator’s and flight engineer’s duties do
require boom/drogue deployment and verification of the full hose extension and
operation. Relieving fuel pressure by retracting the boom telescoping tube after each
BDA kit fuel transfer and wetting down the fuel seals periodically are additional tasks.
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4.1.4. Tanker Aerial Refueling References

The receiver aircraft pilot uses references on various parts of the tanker, i.e., antenna,
aerial refueling equipment, rows of rivets, etc. for formation and maintaining position on
the tanker aircraft. During night aerial refueling, these references are illuminated by
directed light sources and/or by reflected light. These light sources typically are provided
by the tanker aircraft; however, with the probe/drogue method, the light sources may
originate from the receiver aircraft probe mast and/or fuselage. Tanker lighting normally
includes under-wing, underbody, engine nacelle and wing tip for formation flying. In
some cases, illumination is provided under the horizontal stabilizer and on the aft
fuselage.

4.1.4.1 Boom/Receptacle Aerial Refueling Method

Position-keeping and attitude for boom/receptacle aerial refueling generally is
provided for the receiver aircraft pilot by the rows of rivets, antenna, centerline stripe and
other tanker formation/station-keeping objects. The pilot director lights provide
additional tanker position keeping information to receiver pilots, especially when the
receptacle is located behind the pilot. The boom fluorescent markings (illuminated by a
black light) in the boom ice shield are provided by the tanker boom and are a primary aid
to receiver aircraft with receptacle located forward of the cockpit. The tanker boom
operator uses the boom nozzle light to effect hook-ups and disconnects. The tanker tail-
mounted flood light and over-fuselage/wing lighting of the receiver aircraft provide
additional lighting for assisting the boom operators hook-up/disconnect functions. These
light sources may include aerial refueling area lights, reflectors, slipway and receptacle
lights, over-wing lighting and, in come cases, a tail-mounted floodlight on the receiver
aircraft which illuminates the receptacle slipway and critical areas. In one case, an air
spoiler located aft of the UARRSI provides for mounting light sources. These spoiler
lights are directed for forward lighting onto the UARRSI and down the nose slope of
critical aerial refueling raised fairing areas. Reflected light from both the tanker and the
receiver aircraft illuminates the reflective paint/tape markings, i.e., UARRSI outline, T-
bar lead-in markings, wind screen and other critical areas. In some cases, the T-bar lead-
in markings are active by the use of electro-luminescent lighting.

4.1.4.2 Probe/Drogue Aerial Refueling Method

The probe/drogue receiver pilot uses a variety of visual indicators to aid in formation
flying, position-keeping, and attitude information after the contact is made. These include
wing stores/pods, engine nacelles, under-wing, under-fuselage, hose markings (black or
white), hose exit from fuselage or store, centerline fuselage stripe, boom telescoping tube
markings, wing/fuselage protruding antennas, rows of rivets, distinct wing and fuselage
contours and intersections and markings and the aerial refueling drogue. Illumination for
low light level and night aerial refueling is provided by direct light sources, reflected
light, contrasting paint and colors, the receiver aircraft probe nozzle and fuselage lights,
drogue (peanut) lights powered by ram air generators, drogue tritium buttons and other
fuselage, wing, aerial refueling store nacelle light sources.
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4.1.5. Lighting Dimming Controls

Most tanker and receiver aircraft of current vintage are provided with lighting
controls for dimming from “full on” to “full off”. This provides both the receiver pilot
and boom operator light levels consistent with ambient light and tolerable for aerial
refueling task accomplishment. However, the receiver pilot identification of
objectionable tanker light sources requiring dimming can be challenging even during
radio communications.

113



types, location and some lighting and communication equipment description:

4.1.6. Tanker/Receiver Aircraft Equipment

The following tables list most of the United States tanker and receiver aircraft, their

Table 1. Tanker Aircraft Aerial Refueling Equipment

Receptacle
Receiver Capability | Pilot Director Lighting
. Operator/Observer and Thru-the- (PDL) and Equipment,
No. Tanker Type Equipment Vision Boom (TTB) Status Fuselage/Wing,
Communications Lighting etc.
Capability
. . . - Receptacle
1. Kc-1zs | CentenineFlying | Director Window | imited Models) | Position (PDL) | 5% Attachment,
(B-52 type) TTB P :
2 KC-10 Centerline Flying Direct Window UARRSI Command See Attachment 1,
' Boom View TTB (PDL) photos 2a —e.
3. KDC-10 Centeglor:)emFlylng Camera Vision Unknown Unknown Not Shown
KC-707 Centerline Flying Direct Window .
4. (IIAF) Boom View None Position (PDL) Not Shown
. . . - Not KC-
5. KC-747 IIAE Centerline Flying Direct Wlndow UARRSI 135/10 Not Shown
Boom View TTB
Type PDL
6. KC-767 Centerline Flying Camera View UARRSI Store Status * Not Shown
Boom Unknown
Drogue Wing . .
7. KC-135 Pods (Limited Direct Window N/