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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,  

 document and records search and review,  

 team tutorials 

 technical and operational briefings at Aerial Refueling Systems Advisory 

Group (ARSAG) conferences 

 internal subject matter expertise (forty-five years’ focused experience in aerial 

refueling),  

 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 

 interviews with pilots,  

 interviews with boom operators,  

 interviews with subject matter experts,  

 discussions and exchanges among users and manufacturers in ARSAG’s 

Lighting Panel,  

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

 direct inputs solicited from aerial refueling users regarding aerial refueling 

lighting and markings experiences and needs. 

Questionnaires 

 receiver pilot questionnaires, and 

 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 I (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 II. (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 20º elevation and ±15º 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) Illumination 

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).  



xiv 

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 360º 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-IC-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;  
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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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J. Retrofit all aircraft currently not equipped with through-the-boom intercom 

communications. 

K. 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) 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) 

B. Drogue/coupling (tanker) 

C. Tanker hose/drogue markings  

D. Aerial refueling store/pod (tanker) 

E. Fuselage Drogue Exit (tanker) 

F. BDA kit hose and boom telescoping tube (tanker) 

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

(tanker) 

2) Provide the receiver probe light with cockpit dimming control from full on to full 

of; 

3) Provide the smaller fighter/attack aircraft with critical formation fuselage side-

mounted strip lighting; and 

4) Provide the anti-collision rotating beacon light with separate on/off controls and 

full dimming capability. 

Night Vision Goggles (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.   
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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., 2lbs/psi fuel pressure (~200 lbs.). 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 30º 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.  
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4.1.6. Tanker/Receiver Aircraft Equipment 

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

types, location and some lighting and communication equipment description: 

Table 1.  Tanker Aircraft Aerial Refueling Equipment 

No. Tanker Type Equipment 
Operator/Observer 

Vision 

Receptacle 

Receiver Capability 

and Thru-the-

Boom (TTB) 

Communications 

Capability 

Pilot Director 

(PDL) and 

Status 

Lighting 

Lighting 

Equipment, 

Fuselage/Wing, 

etc. 

1.  KC-135 
Centerline Flying 

Boom 
Director Window 

View 

Receptacle 

(Limited Models) 

(B-52 type) TTB 

Position (PDL) 
See Attachment 1, 

photos 1a – f. 

2.  KC-10 
Centerline Flying 

Boom 
Direct Window 

View 
UARRSI 

TTB 
Command 

(PDL) 
See Attachment 1, 

photos 2a – e. 

3.  KDC-10 
Centerline Flying 

Boom 
Camera Vision Unknown Unknown Not Shown 

4.  
KC-707 

(IIAF) 

Centerline Flying 

Boom 

Direct Window 

View 
None Position (PDL) Not Shown 

5.  KC-747 IIAF 
Centerline Flying 

Boom 

Direct Window 

View 

UARRSI 

TTB 

Not KC-

135/10  
Type PDL 

Not Shown 

6.  KC-767 
Centerline Flying 

Boom 
Camera View 

UARRSI 

Unknown 
Store Status * Not Shown 

7.  KC-135 

Drogue Wing 

Pods (Limited 

Number)  

Direct Window 
View 

N/A N/A Not Shown 

8.  KC-135 BDA Kits 
Direct Window 

View 
N/A Yes Status  Not Shown 

9.  KC-10 
Drogue 

Centerline Hose 

Reel 

Direct Window 

View 
N/A POD Status Not Shown 

10.  KC-10 
Drogue Wing 

Stores 

Direct Window 

View 
N/A POD Status Not Shown 

11.  KC-130 
Drogue Wing 

Stores 

Direct Window 

View 

UARRSI 

TTB 
POD Status Not Shown 

12.  HC-130N/P 
Drogue Wing 

Stores 

Direct Window 

View 
N/A POD Status Not Shown 

13.  MC-130H 
Drogue Wing 

Stores 
Direct Window 

View 
UARRSI 

TTB 
POD Status Not Shown 

14.  KC-707 IIAF 
Drogue Wing 

Stores 
Direct Window 

View 
N/A POD Status Not Shown 

15.  KC-767 
Drogue Fuselage 

Hose 
Camera View 

UARRSI 

TTB 
POD Status Not Shown 

16.  KC-767 
Drogue Wing 

Stores 
Camera View N/A POD Status Not Shown 
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Table 2.  Receiver Aircraft Aerial Refueling Equipment Receptacle Type 

No. 
Receive 

Aircraft 

Type 

Equipment 

Equipment 

Location on 

Aircraft 

Type Lighting & 

Dimming Control 

Slipway, Area, 

Other 

Receptacle 

Lead In 

Markings 

Thru-

the-

boom 

voice 

Receiver Pilot 

Status Lights 

1.  A-10 UARRSI 
Nose centerline, 

flush contour 
UARRSI, No, No  IT Y 

Yes/ signal 
amplifier 

2.  B-1 UARRSI 
Nose centerline, 

flush contour 
UARRSI, No, No   Y 

Yes/ signal 

amplifier 

3.  B-2 Roll Over 
Aft centerline, 

fuselage contour 
Slipway, area, no   

Yes/ signal 

amplifier 

4.  B-52 
Clam Shell 

Doors 

Aft centerline, 

fuselage contour 
Slipway, no, no  N 

Yes/ signal 

amplifier 

5.  C-5 Drop Door 
Aft centerline, 

fuselage contour 
Slipway, no, no  N 

Yes/ signal 

amplifier 

6.  C-130 UARRSI 
Aft centerline, 

fuselage contour 
Slipway, yes, no 2T Y 

Yes/ signal 
amplifier 

7.  C-141 UARRSI 

Aft centerline, 

fuselage 

externally mounted 

Slipway, yes, no 2T Y 
Yes/ signal 
amplifier 

8.  C-17 USRRSI 
Aft centerline,  

fuselage, flush 
Slipway, yes, TMF  Y 

Yes/ signal 

amplifier 

9.  E-3 
Clam Shell 

Doors (B-52 

type) 

Aft centerline, 

fuselage, flush 
Slipway, no. no  N 

Yes/ signal 

amplifier 

10.  E-4 UARRSI 

Nose centerline 

fuselage 
above ski contour 

Slipway, no. no 3T Y 
Yes/ signal 

amplifier 

11.  E-6 UARRSI 
Aft centerline, 

fuselage, flush 

Slipway, unknown, 

no 
 Y 

Yes/ signal 

amplifier 

12.  E-707 UARRSI 
Aft centerline, 
fuselage, flush 

Slipway, yes, no.  Y 
Yes/ signal 
amplifier 

13.  F-15 
Drop Door 

Fixed 
Left wing root, 

flush 
Slipway, unknown, 

unknown 
 N 

Yes/ signal 
amplifier 

14.  F-16 

Drop Door 

Fixed (B-58 

type) 

Aft canopy 

centerline fuselage, 

flush 

Slipway, no, TMF  Y 
Yes/ signal 
amplifier 

15.  F-22 
Drop Door 

Fixed (B-58 

type) 

Aft canopy 
centerline fuselage, 

flush 

Slipway, yes, TMF  Y 
Yes/ signal 

amplifier 

16.  F-117 Roll Over 
Aft canopy 

centerline fuselage, 

flush 

Slipway, yes, TMF   
Yes/ signal 

amplifier 

17.  KC-135 (SP) 
Clam Shell 

Door 

Aft cockpit 

centerline fuselage, 
flush 

Slipway, no, no  N 
Yes/ signal 

amplifier 

18.  KC-10 UARRSI 

Aft cockpit 

centerline fuselage, 
flush 

Slipway, yes, no 3T Y 
Yes/ signal 

amplifier 

19.  KC-767 UARRSI 

Aft cockpit, 

centerline fuselage, 

above contour 

UARRSI, no, no   
Yes/ signal 
amplifier 
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Table 3.  Receiver Aircraft Aerial Refueling Equipment Probe Type 

No. Receiver Aircraft Type Equipment 
Equipment Location on 

Aircraft 
Type Lighting 

1.  A-6 Non-retractable 
Centerline fuselage 

nose 
Probe light 

2.  AV-8B Extendable / telescoping 
Left wing, 

external mounted 
Probe light 

3.  F-14 Fully retractable Right fuselage nose Probe (red lens) 

4.  F-18 Fully retractable Right fuselage nose Probe light 

5.  HH-53 (rotary wing) Fully retractable Right fuselage nose 
Above cockpit  
variable control 

6.  HH-60 K/L (rotary wing) Fully retractable Right fuselage nose 
Above cockpit  
variable control 

7.  HH-47 7D/E (rotary wing) Non-retractable Right fuselage nose 
Above cockpit  
variable control 

8.  S-3 
Overhead cockpit centerline 

Fully retractable 
Centerline overhead 

canopy 
Probe light 

9.  Tornado 

Within fuselage or externally 

mounted pylon depending on 

country and model  

Right or left mid 

fuselage depending on 

country and model 

Probe light 

4.2. Tanker Identity and Aerial Refueling Sequence 

This section briefly describes the aerial refueling sequence of events from the initial 

tanker aerial refueling identity by the receiver aircraft to the completion of the aerial 

refueling process.  Details of the AR sequence are contained in USAF Technical Order 

T.O. 1-1C-3. 

The initial tanker aerial refueling identity communication is accomplished 

electronically via air-to-air TACAN, Radar, AWACS, GPS, TCAS, Weather, and radios 

etc. When the initial electronic methods are completed, visual methods may then be 

necessary. The use of the tanker rotating beacon/strobe, vertical tail (logo) surface 

illumination, as well as underbody illumination should provide the receiver pilot the 

visual tanker close in identity. In some cases, where radio communications are 

acceptable, the boom operator and/or tanker pilots may identify the receiver aircraft first 

and provide some position guidance to the receiver pilot of the tanker location. 

When several tankers are in a given locale, but spaced by altitude, the receiver pilot is 

provided with electronic/pre-briefed altitude for which tanker and the receiver aircraft is 

assigned.  

The tanker operator and receiver pilots depend on receiver aircraft fuselage/wing 

electro-luminescent strip lighting rotary beacon, formation lights, etc. for traffic 

monitoring/control. 
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The receiver aircraft’s flight lead pilot controls the formation off the wing of the 

tanker and which receiver(s) aircraft receive tanker fuel first. Depending on the tanker 

aerial refueling equipment, fuselage boom or drogue, only one receiver of the formation 

will proceed to the centerline boom or drogue (on deck position) to obtain fuel and move 

to the opposite wing on completion of fuel transfer. In some cases, in order to fill up all 

the formation receiver aircraft in near equal amounts, the aerial refueling receiver rotation 

process cycle may be repeated more than once. 

When the tanker carries wing mounted hose/drogue stores (pods), the compatible size 

receiver aircraft, i.e., fighters, attack type aircraft, two aircraft may be aerial refueling 

simultaneously. This reduces the number of repeat cycles of aerial refueling fuel transfer 

and reduces the fighters’ time on the tanker. 

A process called quick flow as described in USAF Technical Order 1-1C-1-3 allows 

the receiver aircraft to move quickly to the aerial refueling boom on deck position. This 

process differs from the normal process in that the receiver aircraft can be aerial refueled 

faster under employment conditions. After the designated receiver’s aircraft moves from 

the wing formation position, the pilot positions the receiver aircraft to be aerial refueled 

into a pre-contact stabilized position behind the wing drogue/store/pod or centerline 

boom or drogue.  

With the boom/receptacle method, once the receiver aircraft is stabilized, the pilot is 

directed by the boom operator into the contact position either by verbal direction or by 

director lights. Then, the boom operator effects the contact. This boom procedure is 

different for the probe/drogue aerial refueling method.  After the receiver aircraft pilot 

has stabilized the aircraft (probe/drogue) in the pre-contact position, the pilot directly 

effects the drogue/coupling contact. The receiver then moves to a position in the system 

aerial refueling envelope, and the fuel transfer sequence is initiated. When the fuel 

transfer is completed, the receiver aircraft moves to the disconnect envelope (trailing 

drogue) position and the coupling and nozzle mechanically separate.  

4.2.1. Emergency Breakaway KC-10, KC-135 

Details for the emergency breakaway are contained in T.O. 1C-1-3.  

When an emergency breakaway is called for, due to an emergency condition by either 

the tanker and/or receiver crew members, the following actions are taken: 

1. Boom Operator 

a. Radio/boom interphone:  Tanker call sign 

b. Radio/boom interphone:  “Breakaway, Breakaway, Breakaway” 

c. Flashes pilot director lights (manually for KC-135, automatically 

flashes on initiation for KC-10) and/or wing/fuselage drogue flashes 

red status light 

2. Tanker Pilot/2nd Pilot 

a. Turns on lower rotating beacon (bright) 

b. Throttle to maximum power 
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c. Straight ahead direction or climb if receiver aircraft verified cleared 

3. Receiver Crew Member 

a. Reduce power 

b. Descends down and aft at a 30º boom axis incline 

c. May turn on upper rotating beacon 
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5. History: General Aerial Refueling Lighting and Markings 

Background and History 

The information presented in this history of aerial refueling lighting and markings is 

based on the UDRI’s subject matter expert’s knowledge from the time period of June 

1960 through June 2005. Dexter Kalt worked for the United States Air Force as a civilian 

engineer at Wright Patterson Air Force Base in Ohio from 1959 through 1992. Mr. Kalt 

co-founded the Aerial Refueling Systems Advisory Group in 1978, and since that time 

has served as Chairman and Executive Director of this inter-service, international 

organization, and has continued to assist the US Air Force, US Navy and US Army as 

well as US and international military and commercial organizations as they experienced 

aerial refueling challenges. During the past forty-five years, the Mr. Kalt has been 

involved in many aspects of aerial refueling. One area of special interest has been aerial 

refueling lighting and markings. 

The US Air Force has signified the importance of and their interest in obtaining 

guidance and direction regarding aerial refueling lighting and markings for future tanker 

and receiver aircraft as well as for the existing tankers and receivers by contracting with 

the University of Dayton Research Institute for a study of the topic. The data collected in 

the study have been compiled into this report and the information utilized to produce a 

guidance document. Both boom/receptacle and probe/drogue lighting issues are identified 

in the contract’s Statement of Work. 

This history is offered as a background glimpse of aerial refueling lighting and 

markings. Its purpose is to illustrate the significant changes regarding the operational 

recognition and need for aerial refueling during low light level (night) conditions. This 

history also should assist the reader in understanding some of the deficiencies and 

inadequacies of the tanker/receiver lighting systems employed today and make the study 

data more understandable and more useful. It will discuss successes, failures and lessons 

learned. Technical and operational aspects of both boom/receptacle and probe/drogue 

methods of aerial refueling will be discussed. This history will illustrate the time and 

energy that have been expended to make aerial refueling safer and enhance 

interoperability. As a reflection of the primary writer’s experience, the discussion will be 

limited to events after 1959. 

Those involved in aerial refueling during the past several decades may recall that the 

development of aerial refueling lighting and markings has been characterized by an 

ineffective approach. Other factors often have taken precedence over aerial refueling 

lighting for both tankers and receiver aircraft. The need for aerial refueling lighting often 

has been recognized after the aircraft has been made operational. Retrofit of the F-4 fleet 

with a receptacle prism light is a prime example.  It would have been difficult for 

designers and system managers to recognize that the ability to aerial refuel at night would 

become an absolute necessity for world-wide operations. Perhaps more thought and 

planning could have been applied to which parts of aircraft and aerial refueling hardware 

should or should not be illuminated.  This was exemplified by the absence of a “total 

system” approach for the tanker and receiver aircraft. In many cases, the resolution of 

contract controversies was complicated by the absence of references in the Operational 
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Requirements Documents (ORD) or mission verification sections of the contract for night 

aerial refueling operations. Operational requirements documents usually mentioned only 

that the receiver aircraft is required to aerial refuel by the receptacle or probe method 

without reference to environmental conditions.  Lighting on the receiver aircraft was not 

adequately addressed in that aerial refueling itself implied night aerial refueling 

operations and, therefore, aerial refueling lighting considerations. 

In order to understand aerial refueling, it must be recognized that the aerial refueling 

system is neither a tanker alone nor is it a receiver alone. An aerial refueling system is 

that combination of a tanker and a receiver joined in mid-air so that the fuel systems built 

into each aircraft function as one system, an aerial refueling system.  This understanding 

is basic to all phases of aerial refueling development including concept, design, test, 

training, maintenance and operations. 

Most airframe designers are aware that all the technical disciplines, i.e., structural, 

electrical, aerodynamic, fuel systems, electronic, etc., employed in the design, 

manufacture and use of tanker and receiver aircraft are impacted by the incorporation of 

aerial refueling systems. Aerial refueling lighting and markings are not exempt from 

these considerations.  Factors that impact the implementation of aerial refueling 

improvements are illustrated by the following discussion. 

In some cases, a new receiver aircraft aerial refueling system is impacted due to the 

changing hardware location and technology it employs, i.e., aerial refueling equipment 

location of boom receptacle slipway and probe mast location on the receiver aircraft, low 

observable and non-gloss black paint, obstacles such as antenna placed in boom/drogue 

paths, installation fairings protruding above fuselage skin contours of aerial refueling 

installations. In addition to these factors, the receiver aircraft designer of the aerial 

refueling system may not have an adequate data base and description of the tanker aerial 

refueling system. This may be further complicated by the fact the tanker is out of 

production and data is just not available. 

Development timing of the tanker and receiver aircraft are major factors impacting 

decisions involving tanker receiver lighting design improvements and retrofit programs. 

The KC-135 boom-to-drogue adapter (BDA) kit was developed in 1960-63 as a 

platform for United States Air Force aerial refueling of its probe equipped aircraft and 

fighters as an interim system until the century series aircraft were phased out and all Air 

Force aircraft were equipped with boom/receptacles systems.  The F-5, A-37 and F-102 

probe aircraft were exempted from the requirement. The F-105D/F/G aircraft employed 

dual capabilities by direction. Phase out of the KC-135 BDA kit did not occur due to the 

need for a drogue system on the KC-135 aircraft for aerial refueling Navy, Marines and 

international fighters that have only probe aerial refueling equipment. The lessons learned 

with the F-105 probe/fuselage lighting with the interim KC-135 BDA kit were never 

applied or even considered for the Navy, Marines and international probe equipped 

receiver aircraft. Lighting problems have been recognized and highlighted by aerial 

refueling technical requirements and guidance documents, but these documents may not 

be contractually specified and/or enforced. In some instances, incidents and accidents 

may have been related to poor visibility at night, although that relationship has not 

always been established. Nevertheless, the essential nature of adequate aerial refueling 
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lighting and marking requirements has not been fully appreciated in the past. As 

evidence, we may cite the limited resources that have been allocated for improvement of 

the aerial refueling lighting (formation/under-body) references and pilot director light 

systems on the KC-135. 

The development of the tail-mounted floodlight (TMF) for the KC-135 tanker was 

accomplished at Wright Patterson Air Force Base (WPAFB) under a small fund set aside 

for aerial refueling improvement projects. However, a year after the development and 

flight/service testing at both WPAFB and Edwards Air Force Base was completed, no 

retrofit funds for the KC-135 were appropriated. Only after an unplanned occurrence 

were F-16 TMF priority retrofit funds redirected and made available to initiate an in-

house program at WPAFB to expend these funds in retrofitting the total KC-135 tanker 

fleet with a TMF to solve the F-16 night aerial refueling problem. As a result, many other 

receiver aircraft lighting problems were solved, as well. Retrofitting 800 (+) tankers with 

a TMF improved night aerial refueling safety and efficiency for thousands of receiver 

aircraft.  

Involvement in new tanker platforms development under Foreign Military Sales 

(FMS) programs allowed USAF engineering to take advantage of lessons learned in 

small, inexpensive steps to improve aerial refueling lighting and other vision 

improvements including tilt-up boom position gauges. The USAF program offices and 

engineering provided lighting and marking guidance to the contractor for selected 

international aerial refueling programs. Guidance included improvements to their KC-707 

tanker operator stations, to external night vision formation aids and to the receiver pilot 

director light (PDL) system. The improved director light system for a KC-707 

international air force’s FMS tanker aircraft was adopted later for the KC-10A tanker. In 

addition, improvements to an international KC-707 engine nacelle lighting and the F-14 

receiver aircraft probe light were successfully flight tested during a night lighting 

evaluation. 

The need for an improved KC-135 boom nozzle light was recognized as early as the 

1960’s and finally was developed in the late 1980’s and tested in the early 1990’s. The 

nozzle light kit has recently has been finalized for the KC-135 fleet retrofit.  

During the development of the KC-10A tanker, designers and managers recognized 

the need for improved day and night capabilities.  Considerable improvements were made 

in the area of lighting and ergonomics for the receiver pilot and for the boom operator.  

Improvements included underbody lighting and pilot director lights as well as a sit-up 

boom operator. 

Today, operators and technical managers who have acquired the experience of several 

world conflicts recognize the vital role of aerial refueling in both deployment and 

employment operations. The ability to take on fuel in flight day and night is essential to 

all military aircraft including tankers, rotary wing aircraft, vertical take-off aircraft and 

now, unmanned aircraft are under consideration for aerial refueling. Environmental 

conditions including weather and night (low light levels) impact the design and test of 

both types of aerial refueling system methods and both the tanker and receiver aircraft.  

The narration and events in this history illustrate that many aerial refueling lighting 

problems have continued to exist for many years. Due to the size of the KC-135 tanker 
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fleet, these lighting enhancements were not made; a cost/need justification analysis has 

given higher priority to other tanker needs.   

5.1. Aided Lighting (Rotary Wing Aircraft) Use with NVG 
History 

Aerial refueling of rotary winged aircraft was developed at WPAFB during 1964 

through 1966 utilizing the KC-130 tanker aerial refueling wing mounted stores modified 

with large drogues to provide adequate drag for the low speeds (95 to 130 KIAS) and 

altitudes (up to 10,000 ft) required for rotary winged receiver aircraft. The HH-3 aircraft 

was the first helicopter to be equipped with a long telescoping probe mast with a standard 

fighter MS probe nozzle. The use of the existing KC-130 tanker hose reel, hose and MA-

2 coupling were utilized similar to the standard fighter probe/drogue equipment of the 

KC-130 tanker aircraft. The exception was the development of the considerably larger 

drogue and canopy to provide the necessary drag at the low airspeeds. Other tanker 

changes to accommodate the rotary winged aircraft included a reduced inner limit fuel 

flow envelope and associated status light adjustment. Also, the tanker wing stores were 

equipped with a bolt-on lower drogue exit fairing to protect the larger drogue canopy 

from airflow damage.  This configuration provided the USAF HC-130 P/N tankers the 

capability to aerial refuel rotary wing aircraft.   

The HH-53 followed the HH-3 development in ~1967; the HH-53 had a telescoping 

probe similar to that of the HH-3 helicopter. In the 1980’s, the HH-60 was introduced 

into the United States Air Force inventory; it was equipped with a telescoping probe 

similar to that on the HH-3 and HH-53 helicopters. 

In ~1987-88, the United States Army equipped the MH-47D with aerial refueling 

probes, and in 1992/93, the MH-60K/L with aerial refueling probes. Development tests 

with the two rotor MH-47D employing a 48 foot probe for rotor/drogue clearance was 

determined as not practical due to vibrations and supporting cable required to stabilize 

the very long, cantilevered probe mast. As a result, the US Army pursued a short non-

retractable probe mast for the MH-47 dual rotor blade aircraft. The short probe mast 

required that the drogue/coupling and hose engage beneath the path of the forward rotor’s 

blades. 

One other service also became involved in helicopter aerial refueling; in 1983, the 

United States Marine Corps aerial refueled the RH-53D aircraft. US Air Force tankers 

included the C-130 P/N’s; the Marine tankers were KC-130’s. Currently, the MC-130H 

tanker is being developed by the US Air Force for aerial refueling rotary wing and tilt 

wing (V-22) aircraft. 

Aerial refueling lighting for the helicopters included a probe light. The KC-130/C-

130’s tankers employ aerial refueling system status lights (yellow, green, red) similar to 

those used by fighter aircraft refueling with the KC-130’s, i.e., yellow/amber – ready for 

hook-up; green – fuel flowing; red- low hydraulics, dead hose, no hook-up. The tankers 

also utilized side door windows for crew members to provide signals to the receiver 

aircraft utilizing the same Altus lamps used for fighters. The horizontal stabilizer tip is a 

light source to illuminate the wing store and the hose.  
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The use of night vision goggle (NVG) equipment was introduced for aerial refueling 

operations by the US Air Force Special Operations Forces in the late 1960’s. Currently, 

the United States Army, Air Force and Marines utilize the NVG equipment exclusive for 

night aerial refueling operations. Both training and night operations conducted by Special 

Operations Forces require that the tankers provide NVG compatible (friendly) aerial 

refueling lighting and infra-red (IR) lighting for covert operations. 

5.2. Lessons Learned and Associated Documentation 

The above history is designed to provide lessons from the past and to fill the need to 

consider the background of aerial refueling light/markings through a significant period. It 

looks back in time to examine what has worked and to see what has been less than 

adequate for aerial refueling.  

The events described below involving aerial refueling lighting, markings and paint 

schemes are presented in chronological order and by the type of aerial refueling system.  

They are representative of the types of aerial refueling lighting issues that have occurred 

over the past 45 years, they are recorded as recalled from the teams subject matter expert.  

They are intended to supplement this study by illustrating lessons learned that may be 

applied to the development of future tanker and receiver aircraft and to the potential 

upgrading of existing tankers and receiver aircraft. 

5.3. Selected Events, 1960-2005, Aerial Refueling 
Lighting/Markings  

5.3.1. B-58 Receptacle/Slipway Light/ KC-135 tanker nozzle light 

Date: ~ 1960 

Place: Over the Atlantic 

Problem: A single light source failure B-58 slipway (no light redundancy) combined 

with a boom nozzle light failure (no light redundancy). 

Result/Impact: Mission abort 

Corrective Action: Small F-105 prototype slipway light flight evaluated and installed 

on B-58 slipway to provide redundancy and improved slipway lighting. 

5.3.2. F-101 Probe Nozzle Light / KC/135 BDA kit 

Date: ~ 1960 

Place: WPAFB, night flight test 

Problem: Nozzle light direction. 

Result/Impact: Obscures the vision of (blinds) the boom operator. 

Corrective Action: Investigated light polarization, light angle may have been adjusted. 

Uncertain regarding retrofit. 

5.3.3. KC-135 BDA Kit Lighting  

Date: 1961 

Place: Seymour Johnson AFB, SAC/TAC operational compatibility testing 
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Problem: Poor visibility of BDA kit for use by receiver pilots of probe equipped 

USAF century series aircraft. 

Result/Impact: Install flood light in KC-135 tail cone (tail mounted flood light, TMF). 

Corrective Action: Light installed at improper angle, thereby rendered as not 

acceptable as installed, no follow-up on tanker. However, receiver 

fuselage light was retrofitted on F-105 (See item 5.3.4 below). 

5.3.4. KC-135 BDA kit lighting / F-105 probe 

Date: 1961-63 

Place: WPAFB night flight test 

Problem: Inadequate lighting of BDA kit (black) hose at night. 

Result/Impact: Accident, hose wrapped around drogue, and on disconnect, 

drogue/coupling separated from hose and lodged in F-105 vertical 

stabilizer, probe fixed nozzle tip separated, shaft bent vertically down. 

Corrective Action: 1) KC-135 BDA kit 9’ hose changed from black to white; 2) light 

source with (clear lens) installed in forward upper nose surface of F-105 to 

illuminate BDA kit white hose and a portion of the boom telescoping tube, 

location/envelope restricted forward/aft angle to avoid boom operator/pilot 

“blinding”, full variable dimming control provided, all aircraft retrofitted. 

These improved lighting capabilities for the F-105’s which were verified 

by flight test for night operational aerial refueling. A later flight test 

evaluation also evaluated replacing the black drogue rubber, reverse 

airfoil, with a white one.  Receiver pilots rated the change to white as a 

significant improvement to night aerial refueling with the BDA kit. This 

change never was retrofitted for the BDA kit. 

High angle white glass beaded tape external/internal to drogue cone and 

coupling was retrofitted and replaced the original orange tape (poor 

reflecting properties). The white tape is similar to current highway signs. 

5.3.5. KC-135 BDA kit / F-105 Probe Nozzle Light 

Date: WPAFB flight test 

Place: ~ 1961 

Problem: F-105 probe nozzle light obscures the vision of (blinds) the boom 

operator. 

Result/Impact: boom operator capabilities impeded. 

Corrective Action: Re-design nozzle light, direction and provide full dimming rheostat 

control. 

5.3.6. A-37 Fuselage Mounted Probe Nozzle Light / KC-135 BDA 
kit 

Date: ~ 1965 

Place: WPAFB, flight test development 

Problem: Avoided problem by lessons learned from previous F-105 experience. 



 

113 

Result/Impact: No problem with nose mounted fuselage light. 

Corrective Action: None required, initial design considered past experience of F-101 

and F-105. 

5.3.7. F-5 Probe Nozzle Light / KC-135 BDA Kit 

Date: ~ 1965-66 

Place: Northrop / Edwards AFB 

Problem: Avoided past problem by lessons learned. 

Result/Impact: No problem experienced with probe mounted light and full dimming 

control. 

Corrective Action: None required, initial design considered past experience of F-101 

and F-105. 

5.3.8. F-105 Prototype Receptacle Installation 

Date:  

Place: WPAFB flight test 

Problem: Initial slipway single light, no redundancy. 

Result/Impact: Prototype installation found unacceptable. 

Corrective Action: F-105D/F/G production provided light redundancy and full 

dimming control. 

5.3.9. F-4 Receptacle Light / KC-135 Tanker 

Date: WPAFB flight test and in-service reports 

Place: ~ 1968-69 

Problem: No slipway, therefore, no lighting forward of receptacle area. 

Result/Impact: Difficult hookups with receptacle, can’t see receptacle at night. 

Corrective Action: Retrofit of all F-4 aircraft with prism light forward of receptacle to 

illuminate receptacle face. 

5.3.10. Universal Aerial Refueling Receptacle Slipway 
Installation (UARRSI) Lighting 

Date: 1964-75 

Place: WPAFB In-house development 

Problem: Past aerial refueling receptacles were not provided with adequate 

slipway/receptacle lighting, redundant light sources and variable lighting 

dimming controls. 

Result/Impact: Initial design considered the need for adequate lighting and lighting 

redundancy to avoid mistakes of previous aerial refueling receptacle 

slipway aircraft installations. 

Corrective Action: The UARRSI was provided with twelve light sources (six each 

side of slipway). A full scale mock-up was built prior to first prototype 

flight test article. The mock-up was ground tested and evaluated in a 
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simulated darkroom by numerous boom operators to insure full adequacy 

under several light source failures.  

Installation design guides and specifications required receiver aircraft to 

provide full dimming to off controls. Flight testing in several receiver 

aircraft, E-4, B-1, A-10, C-130, etc. demonstrated that UARRSI lighting 

was fully acceptable. 

 Each side of the UARRSI is provided with two sets of three bulbs and 

offset for full slipway receptacle illumination. A total of 12 bulbs are 

shock mounted by an epoxy module. 

5.3.11. Lead-in Markings for UARRSI and Other Receiver 
Aircraft Receptacle Slipway Installations 

Date: 1962 to present 

Place: WPAFB, Edwards AFB, Special Requirements and Guidance Documents 

Problem: Lead-in markings to the receptacle with reflective tape are necessary to 

provide safe entry into slipway receptacle equipped aircraft to assist in 

locating the receptacle during ambient low light level conditions and to 

avoid windscreen, canopy, raised installations, antennas, contour changes, 

etc. clear path to receptacle defined. The boom nozzle light was the 

primary light source for reflective tape until the implementation of the 

later developed KC-135/KC-10 tail mounted flood light (TMF) which now 

provides an improved direct light source for the reflective/contrast paint 

tape reflective properties. 

Result/Impact: Without these markings, the potential exists for striking the receiver 

aircraft skin contours, antennas, wind screens, canopies and raised external 

aerial refueling receptacle fairings/housings. 

Corrective Action: Currently, all receiver aircraft employ some form of “T-bar” 

markings, either passive reflective tape, paint, with contrasting 

background paint color and/or active strip lighting for identifying lead-in 

receptacle/slipway markings. A single “T-bar” for the A-10, a double “T-

bar” for the F-16 and many other aircraft. The B-1 employs a triple “T-

bar” marking. Also, windscreens and the UARRSI perimeter are outlined 

and identified with wide angle reflective tape.  

5.3.12. Lead-In Area Lighting for Boom Receptacle/UARRSI 
Equipped Receiver Aircraft 

Date: 1970’s to present 

Place: WPAFB/Edwards AFB 

Problem: Boom operator depth perception at night and in low light levels. Prior to 

KC-135 TMF development, inadequate depth perception concerns were 

reported with several receiver aircraft by test boom operators, receiver 

aircraft having low observable paint, low reflective paint, etc. The F-16 is 

an example of requiring additional lighting to illuminate reflective tape 
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“T-bar” markings and other critical aircraft contours forward of the 

receptacle. 

Result/Impact: Potential for striking receiver aircraft skin contours, antennas, wind 

screens, canopies and raised external aerial refueling receptacle 

fairings/housings. 

Corrective Action: Provide active lighting to illuminate all critical surfaces in boom 

nozzle path to and around receptacle/slipway area including those 

mentioned above. The following are examples of critical area lighting 

currently provided on receiver aircraft. 

 1) tanker tail mounted flood (TMF) lights for boom equipped KC-

135/10/707 

 2) receiver aircraft area lighting provisions/types: B-2, C-130, C-141, 

KC-10 lights with reflective mirrors, C-17 strip lighting, E-4 spoiler, F-16 

TMF, etc. 

5.3.13. External Aerial Refueling Tanker Lighting and Anti-
Collision Strobe Lights 

Date: 1969 to present 

Place: N/A 

Problem: 1) improved tanker identity needed, 

2) separate controls for upper/lower anti-collision lights during aerial 

refueling. 

Result/Impact:  

1) reduce time required for receiver aircraft during tanker visual identity, 

2) separate controls for upper and lower anti-collision lights to avoid 

lower tanker light “blinding” receiver pilot and upper receiver light 

“blinding” boom operator/tanker crew. 

Corrective Action:  

 1)  Provide illumination of vertical tanker stabilizer and underneath 

horizontal stabilizer, i.e., several commercial aircraft which have the 

vertical tail logo illuminated have been found to assist in tanker identity 

during aerial refueling. An example is the KC-707 drogue equipped 

tanker. 

 2)  Retrofitted KC-135 tanker with new anti-collision lights incorporating 

strobe lights for identity. 

3)  Commercial aircraft converted to tanker aircraft require the upper and 

lower rotating beacon/strobe lights to be separately switched to off during 

aerial refueling. tanker – lower off; receiver – upper off. 
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5.3.14. 1) Hose Visibility 
2) Coupling/Drogue Internal Cone/External 
Identification at Night 

Date: 1961 to present 

Place: WPAFB/Others 

Problem: 1)  Hose visibility: Inability to see black hose of KC-135 BDA kit. 

Example: KC-135 BDA kit hose wrap as reported in items 5.4.3 and 5.4.4 

above. Long aerial refueling hose (black with 1 foot wide white markings) 

trailing from fuselage are difficult to illuminate by tanker or receiver 

aircraft under certain tanker lighting geometry. A prototype fuselage right 

keel bay mounted 98 ft. hose and the KC-707 Omega centerline 80 ft. 

fuselage hose could not be illuminated past the tanker fuselage. The one 

foot wide white markings on black hose become dirty. White markings’ 

contrast is deteriorated and is difficult to illuminate adequately for night 

identification by receiver aircraft from formation to pre-contact 

positioning. 

Both tankers, therefore, employed white hoses with black markings as an 

initial prototype and production configuration.  

 2)  The absence of reflective surfaces of both internal drogue cone and 

external drogue and coupling hardware, i.e., reflective surfaces with light 

source(s) or active lighting by remote generators. 

Result/Impact: Poor positioning for receiver aircraft from formation to pre-contact to 

hook-up and maintaining hose position after hook-up.  

Corrective Action/Lessons Learned and/or Verified:  

 1) All KC-135 BDA kit hoses were required to be white. 

Drogue/coupling interior cone and exterior cone were identified with 

white wide angle reflective tape with light sources, i.e., KC-135 TMF, 

receiver aircraft probe light with clear lens, pod (wing store) lights, 

fuselage lights and hose fuselage stowage and exit lights, etc. 

 2) Fuselage and wing mounted hoses, drogues, couplings and drogue 

canopies to be provided with reflective white tape, white canopy, internal 

and external reflective white tape on drogues/couplings. Provide white 

hose with black 1 ft. markings, white markings for black hoses to be 

illuminated by tanker and/or receiver aircraft light sources, i.e., tanker 

TMF, receiver probe and fuselage lights, pod (wing stores), hose fuselage 

exit light, fuselage lights, etc. 

 3) Provide active lighting for drogues/couplings which do not have 

available tanker airframe light sources. 

 Examples of current, active light technology available and currently 

employed are drogue peanut lights and external LED lights powered by 

coupling mounted ram air turbines (generators), i.e., KC-707 Omega, KC-

10, KC-135 and KC-130 wing stores. 
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Tridium lights also have been utilized; however, depth perception 

concerns should be considered. 

5.3.15. KC-135 Tail Mounted Floodlight (TMF) 

Date: Late 1970’s, Early 1980’s 

Place: WPAFB, OH 

Problem: Numerous receiver aircraft were requiring additional lighting to solve 

boom operator depth perception concerns. 

Result/Impact: Expensive retrofit costs and aircraft night aerial refueling restrictions 

imposed resulting in mission impact, i.e., F-16. 

Corrective Action: Initiated in-house development of KC-135 TMF, under KC-135 

improved aerial refueling system (IARS) funds. 

 A) Two L-1011 cargo lights were obtained from Grimes Co., Urbana, 

OH. 

 B) Initial hanger aero stand initial feasibility was demonstrated with 

A-37 and A-7 aircraft and other fighter aircraft. 

 C) Flight evaluation with 4950th Test Wing was initiated in house 

under Improved Aerial Refueling Systems (IARS) KC-135 improvement 

program. 

 D) ASD 4950th Test Wing in-house fabrication of tail mounted 

floodlight (TMF) sting and kit utilizing initial feasibility light fixtures (two 

each) with variable position dimming control with distinct positive 

settings. 

 E) Flight test conducted with KC-135 and A-7 receiver aircraft and 

test and operational boom operators evaluation with clear light lens with 

second back-up sand-blasted (spot) lens. 

 F) Evaluation required that boom operator dimming control settings 

were compatible with receiver light intensity tolerance. 

 G) Evaluation was not unanimous, therefore, it was determined 

unacceptable to boom operator and receiver pilot. 

 H) De-fused (sandblasted) lens was not evaluated at WPAFB (4950th 

Test Wing) by a second flight. 

 I) Reported to ASD General Officer as “Operation Successful, 

Patient Died.” 

 J) Follow-on testing was resumed at Edwards AFB with KC-135 

TMF with the de-fused light lens and determined as highly successful with 

all receiver aircraft tested. Reported as “Best Aerial Refueling 

Improvement since Flying Boom” by boom operators. 

 K) No KC-135 production retrofit funds were made available for 

retrofitting the KC-135 fleet, and no further action taken for nearly a year. 

The F-16 TMF priority funds were made available for a USAF in-house 
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follow-on effort for the KC-135 TMF production retrofit and KC-10 TMF 

concept adoption and production retrofit. 

 Following the development of the TMF, the KC-10 was equipped and the 

KC-707 Saudi Arabian Air Force tanker was equipped with the TMF.  

5.3.16. KC-135 Boom Nozzle Light  

Date: 1960 to present  

Place: Field reports 

Problem: Premature light bulb (filament) failure due to: 1) vibration; 2) thermal 

shock; 3) short filament life; 4) BDA kit adapter valve impact nozzle light 

assembly; and 5) failure to detect bulb failure during pre-flight check. 

Required close observation and examination by aero stand to detect boom 

stowed nozzle light failure during daytime ambient lighting. 

Result/Impact: Aerial refueling mission aborts. 

Corrective Action: Existing tube assembly: 1) bulb shock absorber provided; 2) light 

tube shock mounts; 3) light warm-up to altitude to avoid thermal shock at 

low altitude temperatures; and 4) heavier, more robust bulb filaments 

utilized. 

5.3.17. KC-135 Improved Boom Nozzle Light Direct 
Replacement Assembly development Initiated 

Date: 1988-2005 

Place: WPAFB 

Problem: Recognition of the poor reliability of the KC-135 nozzle light and 

attendant deficiencies and mission aborts: 

 1) no bulb redundancy (single failure results in aerial refueling 

mission abort), 

 2) no detection of bulb failure except by use of aero stand on ground 

prior to flight, 

 3) poor reliability of light, 

 4) improved light intensity and coverage desired. 

Result/Impact: KC-135 improved aerial refueling systems (IARS) development funds 

made available for new nozzle development and in-house test initiated. 

Corrective Action: New boom nozzle light developed with attendant capability and 

improvements: 

 1) direct replacement interface with existing nozzle light, 

 2) redundant halogen bulbs provided with inherent vibration/impact 

improvements, 

 3) in-flight failure detection of bulb failures by LED’s on boom 

operator’s panel , 

 4) increased light intensity and light coverage, 
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 5) full dimming control on boom operator’s panel. 

 Flight/service tests successfully conducted 1991-92. Quantities of light 

kits adequate to retrofit all inventoried KC-135’s were purchased from 

manufacturer by USAF/OC/ALC. Currently (August 2005) none installed 

on KC-135 fleet. However, TCTO kits to be field available by early 

September ’05. 

5.3.18. KC-135 Tanker Pilot Director Lights (PDL) 

Date: 1960’s to present 

Place: WPAFB, Flight Test and Field (in service), and other 

Problem: KC-135 Pilot Director Light (PDL) reported as less than desirable or 

receiver pilot direction position information, especially during daylight 

conditions. 

Result/Impact: Flight test conducted at WPAFB during late 1960’s to evaluate reported 

concerns. Test findings/field reports revealed the following: 

 Nose wheel deflects dirt onto the lights, making them not visible, letters 

are not distinguishable, i.e., “Up”, “Down”, “Fwd” “Aft.”  Captain bars 

originally green faded to amber (same as amber caution position). Boom 

position info reflected by PDL after hook-up (boom/receiver aircraft) is 

not visible to the receiver pilot during certain lighting conditions.  

Corrective Action: None taken to date for KC-135 (lessons were learned and 

improvements were made to tanker applications, i.e., KC-10, KC-707, 

(international) tankers as documented in Paragraph 5.4.19 below. 

5.3.19. KC-707 International Tanker Aerial Refueling Pilot 
Director Lights 

Date: 1972-1973 

Place: WPAFB Program Office FMS Case 

Problem: Based on lessons learned from KC-135 PDL equip. ASD engineering 

recommended to program office/contractor, that the KC-707 international 

air force’s aircraft should be provided with improved PDL (Paragraph 

5.4.18 above) over KC-135 aircraft. Problems highlighted above and 

solutions be evaluated by a comparative PDL hangar mock-up.  

Result/Impact: Recommendation was accepted. 

Corrective Action: The proposed improved PDL lights were evaluated by both F-4 

receiver pilots and engineers in a darkened hangar with simulated aerial 

refueling geometry, and F-4 receiver cockpit. The KC-707 improved lights 

compared side by side KC-135 existing PDL lights, proved to be a 

significant improvement over the KC-135 PDL. (See enclosed photos, 8 

e.f.) The changes included: 

1) significant increase of light intensity, i.e., reflectors/bulbs, etc. for 

background white and color lights, 



 

113 

 2) elongated letters “fwd/aft” and “up/down”, 

 3) captain bars made a durable green color (fade resistant). 

 Subsequent flight tests proved the KC-707 international air force’s aircraft 

lights by USAF receiver F-4 pilot as superior to KC-135 PDL. Follow-on 

programs for the KC-707 Saudi Arabian AF tanker and the KC-10 adopted 

these improvements. The KC-135 PDL lights have not been improved to 

date. 

 Advanced tankers are understood to adopt the above changes not verified 

to date. No new concepts for PDL systems are known to be proposed to 

date. 

5.3.20. KC-707/F-14 Aerial refueling lighting improvements 

Date: 1974-77  

Place: Patuxent River MD, Navy Flight Test Center 

Problem: F-14 aerial refueling at night restricted, operational impact. Due to F-14 

windscreen/canopy obstructions, cannot see tanker reference outboard 

engine nacelle and 1080 store/pod and probe nozzle without changing 

head position, i.e., with a single view. 

Result/Impact: Night aerial refueling operations were restricted. 

Corrective Action: Light placed on inboard side of wing 1080 aerial refueling store to 

illuminate outboard engine nacelle. Red lens removed from F-14 probe 

nozzle light and replaced with clear lens. Corrections flight tested 

satisfactorily and restrictions for night aerial refueling were removed. 

5.3.21. Boom-to-drogue adapter kit follow-on lighting 
recommendations 

Date: 1980’s  

Place: Aerial Refueling Systems Advisory Group (ARSAG) conference 

Problem: Navy aircraft aerial refueling probes designed to aerial refueling from KC-

130’s hose reels were not re-designed for night compatibility with the KC-

135 BDA kit, i.e., removing red lens, re-directing nozzle light and/or 

providing additional fuselage light to illuminate the BDA kit white hose. 

Result/Impact: Continual reports of poor visibility of KC-135 tanker equipped with BDA 

kit. References were reported at ARSAG meetings by Navy/Marine 

receiver pilots. Aft fuselage underneath tanker was referred to as “a black 

hole.”  Also, pilots recommended corrective action: No lighting changes 

were made to the KC-135 or BDA kit since the wide-angle reflective 

white tape and white hose implemented in the early 1960’s. Production F-

18’s do employ aerial refueling probe nozzle clear lens vs. red lens as the 

F-14 aircraft currently employ. Focus was placed on providing KC-135’s 

with wing mounted aerial refueling stores (pods) due to other physical 

envelope limitations of the KC-135 BDA kit. Only limited KC-135’s now 
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are equipped with wing mounted stores, and no plans to improve the KC-

135 and BDA kit which is currently projected for USAF inventory for ~30 

more years. 

Corrective Action:  None taken to date. 

5.3.22. Aerial Refueling Lighting/Markings Signal 
Specifications and Guide/Lessons Learned Documents 

Date: 1960-2005 

Place: US Air Force, ASC 

 US Navy, NASC 

Problem: Existing aerial refueling lighting requirements and guide documents may 

not be adequate (See list below). 

Result/Impact: Poor future tanker/receiver aerial refueling lighting.  

Corrective Action: USAF study of aerial refueling lighting initiated September 2004. 

Prepare new guide document for aerial refueling lighting and marking 

criteria. This document should include guidance for aerial refueling 

lighting, markings and signal systems. It should be used for new tanker 

and receiver aircraft and should contain guidance for both 

boom/receptacle and probe/drogue aerial refueling methods. 

Aerial Refueling Specifications Regarding Lighting, Markings and 

Signal/Communications Systems 

Status Specification No. Title 

Inactive MIL-F-38363 Fuel System, Aircraft, General 

Specification For 

Active MIL-A-19736A Aerial Refueling Systems, General 

Specification For (US Navy) 

Active as Guide 

Only 

MIL-L-6503H Lighting Equipment, Aircraft General 

Specification For (Installation of) 

Inactive MIL-S-38449C Signal and Signal-Intercommunication 

Amplifiers, Universal, Aerial Refueling 

Active MIL-H-4495D Hose Assembly, Rubber, Aerial Refueling 

Inactive MIL-A-87166 Aerial Refueling Receiver Subsystems 

Active AFGS-87166A Amendment 3, Aerial Refueling Receiver 

Subsystems 

Active ARP694B  

(SAE-A-20B 

Exterior) (Jan ’04) 

Aerial Refueling Lights – Design Criteria  

Active ARP 4392  

(SAE-A-20B 

Exterior) (June ’93) 

Lighting, Aircraft Exterior, Night Vision 

Imaging System (NVIS) Compatible 

Active MIL-STD-3009 

(Supersedes MIL-L-

85762A) 

Lighting, Aircraft, Night Vision Imaging 

System (NVIS) Compatible 
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5.3.23. B-1 Aerial Refueling UARRSI Marking Configuration 
Selection 

Date: 1984 

Place: Edwards AFB (see Attachment 1, photo 13g) 

Problem: Lead-in nose markings evaluation of two contending configurations: 

 1) proposed configuration T.B.D. Co., 

 2) triple “T-bar” configuration. 

Result/Impact: Conduct night evaluation in weight and balance hangar with full scale 

boom model, elevated stands (simulated boom operator position) and B-

1A aircraft of competing marking configurations. Utilize test and 

operational boom operators for the evaluation.  

 Specify critical lead-in aerial refueling markings for the production B-1 

aerial refueling installation. 

Corrective Action: Full scale (actual aircraft) evaluation was completed by 

operational/test boom operators with unanimous preference for the triple 

“T-bar” configuration. A light (pearl) gray color was chosen for the 

markings. The B-1 windshield also was outlined with the tape/paint. All 

production model B-1 aircraft were provided with this configuration. 
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6. Data Collection Approach 

This project included a variety of data collection methods.  In all cases data were 

gathered and analyzed within the categories of tanker boom, tanker drogue, receiver 

receptacle, and receiver probe.  This document uses these categories in not only the data 

collection approach, but in other sections such as Recommendations to aid in explanation 

of findings.   

A wide variety of sources were used to gather information for this research.  These 

sources can be categorized into three general areas:  search and familiarization, 

interviews, and questionnaires.  Sources and their respective categories are as follows: 

Search and Familiarization  

 a lighting manufacturing plan tour including  lighting demonstrations and 

hardware examination,  

 document and records search and review,  

 team tutorials 

 technical and operational briefings at Aerial Refueling Systems Advisory 

Group (ARSAG) conferences 

 internal subject matter expertise (forty-five years’ focused experience in aerial 

refueling),  

 meetings with subject matter specialists regarding night vision goggles (NVG) 

including demonstration and use of latest NVG technology and equipment,  

Interviews 

 interviews with pilots,  

 interviews with boom operators,  

 interviews with subject matter experts,  

 discussions and exchanges among users and manufacturers in ARSAG’s 

Lighting Panel,  

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

 direct inputs solicited from aerial refueling users regarding aerial refueling 

lighting and markings experiences and needs. 

Questionnaires 

 receiver pilot questionnaires, and 

 tanker operator questionnaires.  

In all cases methods were used to gather information relevant to current and future 

considerations for aerial refueling lighting systems.  The first category was one of search 

and familiarization.  In this method, various means were used to gather information 

relevant to aerial refueling.  The team sought out opportunities to collect information 
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relevant to lighting issues for aerial refueling.  In addition, the contractor team was 

provided with training from our internal subject matter expert, Dexter Kalt.  A second 

method for collecting information involved user interviews.  Interviews were conducted 

to assist in pulling together specific issues and situations surrounding the aerial refueling 

process.  Some of these interviews were more formal in nature, while others were 

opportunistic.  These interviews provided context for the data received from the other 

data collection methods.  Finally, Questionnaires were developed to identify issues with 

lighting during aerial refueling maneuvers.  These questionnaires provided a wealth of 

information from the user community.  The following sections provide additional detail 

on each of these data collection methods. 

6.1. Search and Familiarization 

6.1.1. Search 

The initial means of collecting information for this project was through surveying 

literature for latest information on:  1) DoD Standards, handbooks, and guidelines 

relevant to aerial refueling lighting and markings; 2) Photos, movies, and diagrams to 

illustrate refueling tasks from the pilot’s and operator’s perspectives; 3) Relevant human 

performance research; 4) Possible aerial refueling incidents attributable to lighting issues; 

and, 5) Lighting and marking technologies.  The following list identifies some of the 

information sources used for this effort: 

 URL’s 1000+ visited and reviewed - saved 106, 

 Mishaps -14  

 AF docs ~40+/- 

 Technical documents >400 

 NVIS - 135 files 

 Formation - 13 files 

 Human Factors articles on Aerial Refueling – 16 

One specific area was identified as requiring extensive consideration – refueling 

during reduced lighting and covert operations. During reduced artificial tanker lighting 

and covert operations, users need visual aids to perform the refueling task.  Due to these 

conditions it is becoming increasingly important for aerial refueling systems to include 

lighting compatible with use of Night Vision Goggles (NVG).  Therefore, familiarity 

with both NVG systems and Night Vision Imaging System (NVIS) equipment was 

important for the team.  To increase their knowledge in this evolving field, the team 

collected information about NVG and NVIS as well as contacted a laboratory at the Air 

Force Research Laboratory (AFRL) that performs research and development work on the 

latest version of panoramic night vision goggles.  Technical reports were provided by 

NVG, NVIS experts Ms. Sharon Dixon and Mr. Jeff Craig, and a meeting was held at 

AFRL/HECV (AFRL Battlespace Visualization Branch) to discuss NVGs.  Following 

this meeting scientists at HECV provided numerous useful documents to supplement our 

literature review; provided contact information for individuals willing to participate in 
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our study; answered questions regarding NVG technology; and, expressed a sincere 

willingness to work with us in a variety of ways  

On another occasion, a data collection effort was made to AFRL/HECV.  During this 

trip a heuristic evaluation was conducted on the visual effects of using a white hose with 

Night Vision Goggles.  The SIRE laboratory served as the setting for the evaluation.  

F4949G Binocular NVGs were used for the evaluation.  Four people, including two 

AFRL NVG specialists and two aerial refueling lighting study analysts tested various 

conditions of light on and through the white hose while using the NVGs.  Three 

conditions were tested:  1) no specific light, 2) a dim light, and 3) a bright floodlight.  

The evaluation was specifically aimed at looking for blooming effects due to the white 

hose.  Blooming effects were not noted during the evaluation.  Further measurements 

were made with both a white and black hose.  A report of these measurements are 

contained in Attachment 6. 

6.1.2. Team Familiarization and Training 

In addition to familiarization methods, team training with aerial refueling concepts 

continued throughout the project.  Three examples of training and familiarization efforts 

are illustrated below. 

At the beginning of this project, two classroom training sessions were provided for 

UDRI technical team members on the subjects of aerial refueling components, 

procedures, and technologies.  The sessions were extremely informative, and allowed the 

team members to come up to speed with terms and technologies related to aerial 

refueling. 

A second example of how the team trained and familiarized themselves throughout 

the project included review of materials used to train aerial refueling procedures.  These 

training materials provided a thorough explanation of the pre-defined processes and 

procedures from a user’s perspective.   Training materials were acquired and reviewed for 

aerial refueling in the C-141, C-17, C-5, F-14, F-16, F-18, KC-135, KC-10, and 

international KC-707 tankers.  These materials included background information on how 

the human operators are taught to perform refueling tasks. 

The ARLS team familiarized themselves with advanced lighting designs and concepts 

in a variety of ways including a visit to the Honeywell facility in Urbana, Ohio.  Candice 

Colley and Richard Kemp provided information regarding lighting advancements, and 

provided a visit through their facility to demonstrate how lighting is tested for various 

factors such as heat, cold, and lighting qualities including NVG compatibility.  Lighting 

analysis included discussion of tail mounted flood lights, nozzle lights, pilot director 

lights, and underbody/wing lights.  Advanced lighting concepts such as Light Emitting 

Diodes (LEDs) and strip lighting were also discussed.   

6.2. Interviews 

As a part of the data collection activities, several trips and teleconferencing 

interviews were made to collect information from users.  These trips included collecting 

questionnaire data, they also incorporated interviews with the user population.  

Interviews were conducted at Springfield Ohio Air Nation Guard Base (OANG), 
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Rickenbacker (OANG, Patxent River Naval Research Center (NRC), and Oceana Naval 

Air Station (NAS).  Each of these interview opportunities is further defined below. 

In the first few months of the project an interview session was conducted at 

Springfield OANG.  The team interviewed eight F-16 receiver pilots.  Questions were 

asked regarding the effectiveness of lighting.  Response data was recoded, analyzed and 

transcribed.   

A second interview session was conducted at Rickenbacker OANG.  The team 

interviewed five KC-135 tanker operators and collected completed questionnaires.  The 

operators provided feedback on both boom and drogue tanker configurations.  During this 

trip the team also watched a video highlighting various aspects of the refueling process.  

Response data from the interviews was recorded, analyzed and transcribed for further 

evaluation.   

Team members traveled to Patuxent River Naval Air Research Center to collect initial 

data on the Probe aspects of refueling.  The purpose of the trip was to interview F-14 and 

F-18 receiver pilots, and to have them complete the Receiver Pilot Questionnaire for the 

Lighting Study.  Questionnaires were emailed to Navy contacts for distribution to the 

pilots prior to our arrival.  At Pax River eight pilots were interviewed, and the respective 

Receiver Pilot Questionnaires were completed.   Plans for this trip initially included 

interviewing pilots at both Pax River and Oceana NAS.  However, due primarily to 

weather, the team interviewed two F-14 receiver pilots by phone at Oceana.  They also 

completed the questionnaires that were sent to them via e-mail.   

To further information collection process, during two ARSAG meetings in, a 

structured interview was conducted with a helicopter pilot to collect rotary wing probe 

receiver unique requirements, in addition to his filled out questionnaire.  Additionally, 

impromptu discussions were held with other experts in formal ARSAG meetings 

regarding lighting issues. 

Finally, in March the team refined the structured interview questions.  The interview 

guide was revised to identify questions to be asked in subsequent interviews (both on this 

program and on future efforts).  These revised interview guides relate to the portions of 

the refueling task that require complex cognitive analysis on the part of the user.  The 

intent of these questions is to tap into this complex cognitive process in more depth.  See 

Attachment 5 for the Cognitive Task Analysis interview guide. 

6.3. Questionnaires 

An important part of the data collection effort was to construct and administer 

questionnaires to tanker operators and receiver pilots for the purpose of:  1) 

Substantiating current requirements and identify any additional requirements; 2) 

Identifying improvements for current systems; 3) Identifying current unsatisfactory 

lighting features requiring immediate attention, and 4) Proposing enhancements to future 

tanker and receiver airframe lighting/marking systems. 

Questionnaires were used as one of the primary means of collecting information 

about aerial refueling lighting needs from the user community.  An 8-page questionnaire 

was developed within the first few months of the effort for collecting data from receiver 



 

113 

pilots and tanker operators.  The document went through two major iterations (based on 

feedback from the team members), and a final version was generated.  Throughout the 

effort questionnaires were distributed to users during each data collection trip.  This 

included trips to Rickenbacker AFB (Tanker Boom and BDA kit), Springfield AFB 

(Receiver Receptacle), and Patuxent River NRC (Tanker Drogue); and, questionnaires 

were provided to Oceana NAS (Receiver Probe).  Based on comments from these tanker 

and receiver pilots, the questionnaires were revised and the final version was used for the 

remainder of the study.  See Attachment 3 

In the early spring the questionnaire was placed on the Aerial Refueling Systems 

Advisory Group (ARSAG) website.  This is a site sponsored by the ARSAG not-for-

profit organization.  The organization is not affiliated with the USAF or DoD; however, 

its members are clearly very interested in aerial refueling and the lighting associated with 

these aircraft systems.  The USAF Tanker Modernization Squadron Program Office and 

the UDRI contracted team used the site as a vehicle allowing people in this community to 

readily find and download the questionnaire.  It provided a great medium for distributing 

the questionnaire.  Responses were sent directly to the UDRI team.   

A database was developed for accommodating all questionnaire data from this study.  

Information from the questionnaire database was organized in order to answer specific 

questions regarding this project.  The organizational method focused on summarizing 

findings and identifying gaps in data (See Attachment 4).  Specific formats for summary 

charts were identified and chart creation began. 

6.4. Review and Analysis 

With regard to each of the data collection efforts identified above, once data were 

collected they were reviewed, compiled, and analyzed for inclusion this report.  Data 

were examined for determining lighting recommendations and for "holes" or "gaps" that 

indicate where additional data needed to be collected (i.e., from pilots or boom operators 

of specific aircraft, or to clarify specific lighting issues).  Once these gaps were identified 

the team sought methods for collecting information to satisfy these needs in the analysis.  

Approximately six months before the end of the project a preliminary list of 

considerations was prepared and submitted to GRR for initial review. 
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7. Results from Interviews  

Interviews were conducted at Springfield Air National Guard Base, OH on November 

16, 2004, Rickenbacker Air National Guard Base, OH on November 23, 2004, and at a 

meeting of the Aerial Refueling Systems Advisory Group (ARSAG) on February 8, 2005.  

All individuals interviewed were experienced within their respective profession (i.e., 

receiver aircraft pilot, tanker operator).  Participants for the Springfield Air National 

Guard interview consisted of F-16 pilots.  Participants for the Rickenbacker Air National 

Guard interview consisted of tanker operators.  The participant for the ARSAG interview 

was a helicopter receiver pilot of the U.S. Army.  Data collected from the Springfield Air 

National Guard Base primarily addressed issues that receiver pilots may face when 

refueling from boom equipped tanker aircraft.  The data collected from the Rickebacker 

Air National Guard interviews addressed issues that tanker operators may encounter 

during aerial refueling.  Data collected from the ARSAG interview addressed issues that 

helicopter receiver pilots may encounter during aerial refueling.   

Interviews provided valuable insights on major refueling issues with regard to 

lighting.  These insights were subsequently used to assist in evaluation and interpretation 

of data collected from questionnaires and to generate the recommendations contained in 

this report.  The following subsections provide some of the highlights gathered during the 

interviews.  These sections provide bulleted points of interest captured during the 

interviews.  Comments are interpreted and paraphrased. 

7.1. Boom Operator/Probe Interview Results 

 New boom nozzle lights are very helpful (they are a dual bulb halogen light, 

and very reliable).  The light was flight tested in the 1990’s (the nozzle light is 

needed even when the tail light is out).  The nozzle light is rheostat controlled.  

Marker lights have indication of on/off. 

 Day time with clouds (white-out conditions) with clouds on the bottom (below 

the aircraft) present the most difficult refueling conditions. 

 Night time and twilight (dusk) refuels are more difficult for the receiver pilot 

than for the boom operator. 

 Looking outside of the plane and looking inside the plane at the gauges is a 

problem due to light/dark adaptation.  It is a problem of focusing eyes (maybe 

a problem of light intensity difference).  This problem can occur at any point 

during the refuel process.  The boom operator often wears sunglasses to help 

with the light/dark problem. 

 The paint used on the F-22 makes the area near the receptacle seem flat, and 

the tail-mounted floodlight helps.  When a good fuselage picture is presented, 

there is a better range of motion for the boom operator.  When certain lights 

are on, the boom operators get a better idea of where the receiver aircraft is.   

 The boom operator depends on the lights on the tanker aircraft as well as the 

lights on the receiver aircraft. 

 There is a red spotlight in the tanker that can be hand-held light a map light.  

The boom operators don’t see the red light, but some receiver pilots use it to 

help with refueling. 
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 Strip lighting is needed around the boom operator area in order to give the 

receiver pilot more light, although this may put too much light near the 

receiver pilot’s lights. 

 On some occasions, the boom operators may put the pilot director lights on to 

help give the pilots an additional reference point.  In these situations, the 

boom operators won’t direct the pilot with the lights, but they will leave them 

on.  This is not a standard method, although seems helpful. 

 Boom operators have used the tail mounted floodlights on very low settings 

when refueling probe and drogue aircraft. 

 The F-117 needs wing lights for silhouette and depth perception and motion.  

They are needed fore and aft, up and down—in order to provide an outline of 

the fuselage. 

 The majority of the boom operator’s job (e.g., 90%) deals with judging the 

area between the receiver aircraft and the tanker “the closure” and the 

movement of the receiver aircraft. 

 The boom operators cannot currently increase the intensity of the tail mounted 

floodlights without blinding the receiver pilots. 

 The C-17 is the easiest aircraft to refuel because of its tail-mounted flood light 

and illuminated strips around the receptacle. 

 Intensity needs to be variable for all lighting. 

 Before a receiver aircraft can assume the pre-contact position, the pilot must 

first turn off the strobe lights and navigation lights and turn on the receptacle 

lights.  The engine nacelle lights will be turned off or down in intensity.  The 

boom operator will instruct the receiver pilot to change the lights accordingly.  

 A rheostat controls the receptacle light so that the intensity can be changed. 

 Research is needed to determine if a two-dimensional display can work for the 

boom operators, who are working in a three-dimensional environment. 

 It may be helpful to add a backlight (orange) to the boom operator gauges.  

Panel lights should be improved because they overheat. 

 To help with the light/dark adaptation/focusing problem it may be helpful to 

incorporate an orange backlight, but it shouldn’t be so intense that it could 

blind or distract the boom operator.  This could be a problem when the boom 

operators begin using NVG. 

 During a refuel with an F-15E the receiver pilot accidental activated the 

control for the flares, the switch for the flare is next to the receptacle controls.  

This type of accidental confusion should be avoided. 

 Boom operators need reference points in order to determine the relative 

motion of the receiver aircraft. 

 Reflections off the receiver’s windscreen are a problem. 

 Pilots of probe and drogue aircraft need to be trained to communicate with 

boom operators when it is necessary during refuel. 

 With regard to lighting failure, in the past refuel would continue as long as 

either the boom nozzle light or the receiver aircraft’s receptacle light was 

working. 
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 There is a problem with communicating over the boom intercom.  The 

problem seems to be with the individual receiver aircraft and not the tanker 

(intensity/loudness problem). 

 The boom nozzle light is absolutely critical. 

7.2. Receptacle Interview Results 

 The KC-135 has two engine nacelle lights mounted on the fuselage.  These 

lights are used by the KC-135 pilot to determine if icing has occurred.  They 

are white and high intensity.  The lights offer no benefit for receiver pilots in 

the observation position.  In fact, they’re considered detrimental, as they can 

be blinding to the receiver pilot.  For the receiver pilot on the boom, the 

nacelle lights offer a point of reference. 

 Receiver pilots routinely ask the tanker pilot to dim or turn off the nacelle 

lights before getting into formation, but their request is rarely satisfied.  It is 

not certain why this is the case, it may be that the nacelle lights cannot be 

independently dimmed or turned off, or it may be that regulations prohibit the 

tanker pilot from doing so. 

 Lighting only visible when using night vision goggles, should be dual mode 

(i.e., it must have the ability to be switched from regular lighting, overt 

operation, to night-vision only, covert operation).  This is because might 

vision goggles are often not suitable for use during inclement weather. 

 The receiver aircraft in the observation position depends on visual cues to stay 

in position.  These cues include the tanker’s wing tip and vertical tail.  Each 

pilot must also see adjacent aircraft, this can be difficult with aircraft that do 

not have strip lighting.  These cues will change when a receiver aircraft drops 

down from the wing and gets in position at the boom for refueling.  When 

going to the boom, a receiver pilot will primarily focus on the boom, with 

secondary attention going to the tanker’s outline. 

 A receiver pilot uses the director lights during the fueling operation to 

maintain the correct position relative to the tanker.  These are the only lights 

that are important to the receiver pilot during the refueling operation.  Before, 

hookup, the boom operator will manually control the lights to instruct the 

receiver pilot on position.  After hookup the director lights are in “automatic 

mode,” and reflect the position of the boom in real-time.  After hookup the 

receiver pilot uses the director lights as feedback for maintaining proper 

position. 

 The director lights work well at night, but can be very difficult or impossible 

to see during daytime operations.  It is especially problematic when the 

receiver pilot is facing the sun.  If the director lights cannot be seen, the boom 

operator will attempt to transmit commands to the receiver pilot via radio 

communication.  The director lights should be much brighter during daytime 

refueling and dimmed during nighttime refueling. 

 During daytime refueling the pilot uses the tip of the TACAN antenna for 

alignment purposes. 

 It would be helpful if the KC-135 had strip lighting on the wing tips, the 

vertical tail, and the fuselage. 
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 The worst refueling/flying conditions are flying in clouds on a moonless night.  

When flying in these conditions the lights on the tanker become even more 

important than normal.  The refueling pilots need to be able to make out the 

shape of the tanker when flying in observation positions (on wing).  The pilots 

also need to be able to see the tanker fuselage when flying in observation 

position (on/above the wing). 

7.3. Probe Helicopter Interview Results 

 There are differences in the tanker rendezvous procedures for helicopters and 

jets.  Most helicopter missions are special operations.  Special operators 

missions have a strict time schedule and must be precisely times (+/- 30 

second flexibility).  The helicopters will fly approximately 300-500 feet off 

the ground, and the tanker will perform an overtaking rendezvous.  The tanker 

and the helicopter need to be moving in the same direction at the ARCT.  The 

tanker will overtake the helicopter and fly above it while navigating the same 

route.  The tanker will slow its speed down to approximately 125 knots.  The 

tanker is required to make visual contact with the helicopter by a certain time, 

or it must break off its approach. 

 While in the observation position the second helicopter pilot (in the probe 

seat) will examine the tanker to make sure that fuel is not coming out of the 

wrong places, and that the hose is alright. 

 Most special operations have no communication.  The C-130 and helicopter 

communicate through light signals.  There are indicator lights on the back of 

the refueling pod (old version was amber, green, and red lights to 

communicate status; new version uses a combination of lights to 

communicate). 

 It is important to make sure that the correct combination of lights for 

“caution” is lit.  It is also important to make sure that the pod hydraulic is 

getting power. 

 While in the pre-contact position the helicopter is approximately 10 – 15 ft 

behind the drogue (this can be very bumpy due to turbulence).  The pilot 

needs to physically see where the hose is trailing. 

 For disconnect the first thing that the pilot will look at is where the refuel pod 

comes out from behind the flaps.  They also pay attention to the distance for 

disconnect, and for up/down they want to be above that for disconnect.  Once 

these are referenced, the pilot will make an approach to the drogue.  The pilot 

will focus on the tanker wings and cross check laterally.  They will not focus 

on the drogue. 

 Once the pilot has made contact with the drogue they move up and outside so 

that they are looking straight down at the fuel dump tube on the end of the 

wing.  This gives the pilot a primary visual cue (which gives them their lateral 

out). 

 The “vertical” is primarily measured by the “Batman ears,” and if the pilot is 

in the correct position they can see the triangular tops of the engine nacelle. 
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 Forward and aft are measured by the markings on the hose, so there is a 

continuous check with the dump tube, the “Batman ears”, and the hose 

markings. 

 On the MH-47 there are two IR search lights in the front pylons which provide 

cues to the pilot. 

 The entire environment can be illuminated by the IR light, so additional light 

sources usually are not needed. 

 Almost all helicopter pilots use NVG.  Due to mission purposes, helicopter 

refuel is always conducted at night. 

 The C-130 has an IR strobe light and that can be seen for miles with NVG.  

Both the tanker and the helicopter can see each other (usually). 

 The tridium lights are very visible to the naked eye, but the same effect is not 

achieved with NVG.  It is possible to see the tridium lights when wearing 

NVG. 

 It is preferred that the crews on the KC-10 and KC-135 turn all of their normal 

lights off and use their IR strobe lights for crash avoidance. 

 Some helicopters don’t have any lighting for aerial refueling (the “Jolly 

Green” Giant, the “Super Jolly” MH-53. 

 NVG need improvement (Gen IV). 

 The pilots that use NVG learn to use monocular cues.  For the majority of the 

refueling process (while wearing NVG) they are in optimum range for acuity 

(10 ft – 100 ft they have binocular vision). 

 The C-130 is a 3-6 man aircraft.  The crew’s goal is to fly the plane as flat as 

possible.  The C-130 loadmaster is in the back of the aircraft watching the 

refuel.  The loadmaster can give the helicopter the breakaway signal and pull 

the hose in.  The loadmaster needs to be able to see the helicopter better, but 

this pilot doesn’t know what to do to improve things for the loadmaster. 

 The helicopter needs at least one hour worth of fuel onboard before it needs 

refueling (or at the time of refueling). 

 There is usually a backup tanker on each refuel mission. 

 The helicopters do stack up in the observation position. 

 The hose gets scuffed up and it becomes difficult to see the hose markings. 

7.4. Information requirements for aerial refueling phases 

Interviews were conducted for the primary purpose of obtaining details about lighting 

issues and to determine their total information requirements.  Analysis of interview notes 

identified the need to construct a graphical representation of these data for illustrating and 

determining lighting criticality.  Results from the interviews, therefore, were compiled 

based on the phases of the aerial refueling process.  Major phases of the process were 

identified with the primary information requirements associated with that phase.  Within 

these areas, the user community identified areas where information was not always 

available during aerial refueling.  This analysis has been captured and is presented in 

Table 4.   
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Table 4.  Data collected from interviews regarding information shortfalls. 

PHASE INFORMATION 

REQUIRED (Partial) 

INFORMATION NOT ALWAYS 

AVAILABLE (Partial) 

Rendezvous • Identify tanker vs 

other A/C 

• Available systems 

(drogue, boom, etc.) 

• Cannot always identify tanker vs 

other A/C 

• No indication of available 

systems 

Join-up • Tanker orientation 

• Location of other A/C 

• Tanker orientation and location 

of other A/C may not be known 

during covert ops 

Formation • Distance from other 

A/C 

• Ownship attitude, 

speed 

• Unable to see other A/C in 

covert ops 

• Unable to use tanker for ownship 

attitude reference in covert ops 

Departure from 

formation to pre-

contact 

• Position of other A/C 

• Location / orientation 

of tanker 

• Location of drogue or 

boom 

• Same as above 

• May not be able to see drogue 

from the side 

Pre-contact • Ownship attitude 

• Closure rate 

• Location and 

movement of 

drogue/boom 

• Tanker maneuvers / 

orientation 

• Ownship attitude difficult to 

determine w/ tanker aft fuselage 

dark 

• Closure rate difficult to 

determine with tanker aft 

fuselage dark 

• Tanker maneuvers difficult to 

determine with aft fuselage dark 

Contact • Hose markings 

• Tanker maneuvers / 

orientation 

• Hose markings may not be 

visible with NVGs 

• Tanker maneuvers difficult to 

determine without NVGs 

because of no light on aft 

fuselage 

Refuel • Hose markings 

• Tanker maneuvers / 

orientation 

• Same as above 

Disconnect • Hose markings 

• Position of other A/C 

• Hose markings may not be 

visible with NVGs 

• Other A/C may not be visible in 

covert ops 

Separation • Position of other A/C • Position of other A/C may not be 

visible during covert ops 
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8. Results from Questionnaires  

Number of respondents to the questionnaire was very high.  The UDRI team received 

40 total responses to the questionnaires, 24 receiver pilots, and 16 tanker operators.  

Estimates are that approximately 75% of the questionnaires distributed were completed 

and returned (a very high response rate).  More importantly, the responses received were 

more than adequate to address the types of aerial refueling lighting interface issues being 

faced by the tanker and receiver communities. 

Results from questionnaire data is divided into two major sections, the Receiver Pilot 

Questionnaire results and the Tanker Questionnaire results.  The Receiver Pilot 

Questionnaire addressed the concerns that the receiver pilot might have regarding tanker 

aircraft.  The Tanker Boom Operator Questionnaire addressed the concerns the tanker 

operator might have regarding the receiver aircraft. Each of these major sections will be 

further divided into three sections that focus on three different groupings of questions.  

The Receiver Pilot section is subdivided into the Common, Receptacle, and Probe 

subsections.  Questions within the Common subsection address common issues that 

receiver pilots may have encountered when refueling from both drogue and boom 

equipped tankers.  Questions within the Receptacle subsection address issues that 

receiver pilots may have encountered when refueling from a boom equipped tanker.  

Questions within the Probe subsection address issues that receiver pilots may have 

encountered when refueling from a drogue equipped tanker.   

Tanker respondents: 16 

Receiver respondents: 24 

Total respondents: 40 

 

The Tanker section is divided into the Common, Boom, and Drogue subsections.  

Questions addressed within the Common subsection focus on issues that are common to 

both the boom operator and to aircrews that operate boom receptacle and probe/drogue 

systems.  Questions within the Boom subsection address issues that boom operators may 

encounter when refueling receiver aircraft equipped for the boom-receptacle method.  

Questions within the Drogue subsection address issues that an aircrew or boom operator 

may encounter when refueling receiver aircraft equipped for probe-drogue connections.   

8.1. Receiver Pilot 

8.1.1. Common Issues 

Tanker Location and Identification.   

Respondents identified various methods to locate and identify tanker aircraft, but air-

to-air TACAN, visual contact, and radar were the three major methods they used.   

Lighting & Markings.   

Respondents indicated that there were some problems with tanker markings, lighting, 

and status lights.  Specific emphasis was placed on the markings for the KC-135 and KC-
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10 tanker aircraft.  Respondent suggestions included making tanker lighting compatible 

with night vision devices and adjustable/dimmable (full dimming), equipping the 

boom/basket with a light, and lighting the hose via the pod.  Some respondents stated that 

the underbody stripe and engine nacelles were also problem areas that required 

improvement. Some respondents indicated that there are obstructions that obscure the 

receiver’s view of the formation references on the tanker aircraft.  Respondents also 

indicated that some of the formation references are visible during day light conditions, 

but are not visible during night conditions.    

Tanker Rendezvous.   

Respondents indicted that there were problems with identifying the appropriate tanker 

aircraft to rendezvous with.  Some respondents noted that on occasion they have 

rendezvoused with a tanker aircraft only to discover that it was not the correct tanker.  

Respondents also indicated that it could be difficult to rendezvous with the correct tanker 

aircraft when there are multiple tankers flying within the same area.   

Glare and low sun angles.   

Findings suggest that low sun angles are a problem for receiver pilots.  Low sun 

angles can make it difficult for the receiver pilot to see the necessary references to keep 

formation or maintain the appropriate refueling envelope.   

Hose Markings.   

Respondents indicated that the distance of the hose and the hose markings are 

important references.  The hose markings allow the receiver pilot to gauge the rate of 

closure and keep the hose retracted to the proper length.  Respondents also pointed out 

that the hose markings are fairly visible in day, night, twilight, and night vision goggle 

conditions.   

Night Vision Devices.   

Some respondents indicated that they use night vision goggles (NVG) during aerial 

refueling.  The night vision goggles can help them see the necessary tanker lights and 

markings.   

8.1.2. Tanker Boom Receptacle Issues 

Pilot Director Lights.   

The findings indicated that some of the respondents used the Pilot Director Lights 

(PDL) while others did not.  The respondents that did use the PDL indicated that they 

also cross reference the PDL with other tanker markings and references.  Some 

participants indicated that the PDL were adequate for refueling, while other respondents 

indicated the PDL need improvement.  Respondents also indicated that the illumination 

from the PDL is not constant.  In some instances the PDL can be too bright for refueling 

and in other instances the PDL are not bright enough. Suggested improvements for the 

PDL included making the lights brighter for day aerial refueling and dimming the lights 
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for night and covert refuels.   Of the individuals that responded, most indicated they 

wanted the PDL to give them information regarding their position rather than commands 

about where they should be.   

8.1.3. Probe Issues 

Boom-to-Drogue Adapter kit.   

There are some problems with receiver pilots of probe-equipped aircraft receiving 

verbal instructions from boom operators when refueling with tankers equipped with BDA 

kits.  Problems include having too much communication on non-standard communication 

channels and the boom operator moving the boom while the receiver pilot is refueling.   

Hose Markings (see above Hose Markings section).     

Respondents indicated that they did have some difficulty seeing the hose and drogue 

during night refueling.  Respondents suggested improving the markings and lighting for 

the hose and drogue so that the receiver pilot can follow them.  Respondents also stated 

that the probe light on the receiver aircraft should to stay lit/failure free so that aerial 

refueling is not interrupted.  Most respondents indicated that it was important for the 

drogue to be illuminated during night and twilight conditions.  It was suggested that 

adding tritium buttons or white reflective tape to the hose and drogue might help improve 

drogue illumination.   

8.2. Tanker Operator 

8.2.1. Common Issues 

Lighting & Markings.  

According to the findings night lighting and markings are a problem for nighttime 

refueling.  Respondents indicated that the major problem is that there is either too much 

lighting or not enough lighting for aerial refueling.  Essentially insufficient lighting 

conditions can cause depth perception problems for the boom operator, however, 

conditions in which there is too much lighting can result in blinding the receiver pilot.  

One respondent pointed out that the underbody lights require constant adjustment to 

avoid blinding the receiver pilot.  Respondents also indicated that it would be helpful to 

both the boom operator and the receiver pilot if both the tanker and the receiver aircraft 

had the ability to easily adjust or dim the exterior lighting.    The findings indicate that 

boom operators do use reference markings on both the tanker (e.g., nacelle lighting, tail 

mounted flood lights) and the receiver aircraft (e.g. tail lights, wingtip lights, receptacle 

lights) to assist them in aerial refueling.  Respondents also suggested that additional lights 

and markings might better assist them in performing their aerial refueling duties.   
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8.2.2. Boom Issues 

Boom Nozzle Light.   

Respondents indicated that there was some concern with the boom nozzle light bulb.  

Many respondents indicated that they checked the status of the boom nozzle light bulb 

while the tanker aircraft is still on the ground.  In spite of this check they may still 

encounter a boom nozzle light bulb failure while in flight, and they may not be aware of 

the failure until they are ready to refuel a receiver aircraft.  Respondents also suggested 

that the boom nozzle light have some redundancy (i.e., a backup light bulb), and that the 

boom operator instrument panels provide the boom operator with an indictor for light 

bulb failures.     

Visual Information.  

The findings suggest that in general, the boom operators are able to acquire the visual 

information they the need to perform their job.  However, improvements to the boom 

operator station would assist them in better performing their job.  Some respondents 

suggested improvements including making interior and exterior lighting compatible with 

night vision equipment.  Further refinements can be realized by making the interior and 

exterior lighting adjustable, and replacing the current boom operator panel with a Heads 

Up Display (HUD).  This is so that the boom operator will not need to divide his attention 

between the refueling taking place outside the tanker and the instrument panel inside the 

boom operator station.   

References.   

Respondents indicated that it would be helpful to them to equip receiver aircraft with 

adjustable/dimmable exterior lighting.  Respondents also indicated that additional 

lighting on the top of receiver aircraft would provide them additional cues to improve 

their depth perception.   

Glare and low sun angles.   

According to the findings low sun angles do cause a problem for boom operators.  

Respondents stated that low sun angles can be so troublesome that when necessary, in 

these conditions they will either instruct the tanker pilot to change headings or instruct 

the receiver pilot to maintain their position until the glare/low sun angle is no longer a 

problem.   

8.2.3. Drogue Issues 

Tail Mounted Floodlight.   

Most respondents indicted that they did use the tail-mounted floodlight when 

refueling probe equipped receiver aircraft.   
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Boom-to-Drogue Adapter Kit.   

According to the findings and respondent comments it may be beneficial to the boom 

operator to improve the viewing and lighting of the boom-to-drogue adapter (BDA) kit.  

Respondents indicated that it is difficult to see the receiver aircraft as it approaches for 

contact.  Respondents also stated that the view was so troublesome that they were not 

able to see the refueling process at all, and had to rely on “feel” and communication with 

the receiver pilot in order to perform the refuel.   

Lighting & Markings.   

Respondents indicated that although markings on fuselage mounted and wing 

mounted hose reels might be visible during the day the markings may be difficult to see 

at night.  Respondents also indicated that it might be beneficial to standardize the hose 

markings across tanker aircraft.  
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9. Additional Supporting Evidence  

9.1. Aerial Refueling Equipment Photo Gallery 

The aerial refueling photo gallery shown in Attachment 1 provides a pictorial 

representation of both the boom/receptacle aerial refueling system method and the 

probe/drogue method.  The boom/receptacle method requires two distinctive functions: 

the hook-up functions, performed by the tanker boom operator and formation on the 

tanker, performed by the receiver pilot.  For the probe/drogue method the receiver pilot is 

in control.  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). The probe nozzle on the 

receiver aircraft is inserted into the tanker coupling.   Photographic representations of 

these two methods of refueling further illustrate the processes further. 

9.2. Aerial Refueling Lighting/Markings Block Diagrams 

Early in the study KC-135 block diagrams were created.  The block diagrams were 

intended to: 

 illustrate the magnitude of the contracted task, 

 explain the complexity of the task, 

 demonstrate the need to integrate the tanker and receiver as a single overall 

system,  

 identify and prioritize the aerial refueling tasks, 

 aid in developing a schedule for the tasks, 

 identify lighting issues from past experiences,  

 aid in developing interview questions and in preparing questionnaires for data 

collection, and  

 serve as the foundation for the study. 

The block diagrams, shown in Attachment 2, also served to coordinate and educate all 

the members of the lighting/markings study team regarding issues with existing tanker 

and receiver aircraft. The diagrams functioned as a departure milestone for the study. 

9.3. Questionnaires (Receiver & Tanker) 

The purpose of the receiver questionnaire, shown in Attachment 3, was to collect 

aerial refueling data from the perspective of the receiver pilot.  This questionnaire 

consisted of 21 questions.  Responses were presented in binary, rating, and short answer 

formats.  Questions addressed issues and problems that receiver pilots might encounter 

when refueling from boom equipped and drogue equipped tanker aircraft.  Issues 

included: locating and identifying tanker aircraft, tanker markings and status lights, 

tanker dimming controls, use of the Pilot Director Lights, the effectiveness of the Pilot 

Director Lights for specific weather conditions, using the BDA kit adapter and the 

appropriate formation references, illuminating the drogue, drogue markings, visibility of 

tanker status lights for hose/drogue systems under specific conditions. 
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The purpose of the tanker questionnaire, also provided in Attachment 3, was to 

collect aerial refueling data from the perspective of the boom operator.  This 

questionnaire consisted of 22 questions.  Responses were presented in binary, rating, and 

short answer formats.  Questions addressed issues and problems that boom operators 

might encounter when refueling receptacle equipped and probe equipped receiver 

aircraft.  Issues addressed included:  night lighting and markings on receiver aircraft, and 

dimming receiver aircraft lighting, tanker nozzle light redundancy, and dimming the 

interior tanker lights, tail mounted flood light use when refueling with a BDA kit (KC-

135), viewing and lighting when using the BDA kit, improved viewing and lighting of the 

receiver aircraft.   

9.4. Questionnaire Summaries  (Receiver & Tanker) 

The Receiver Pilot Questionnaire Summary, provided in Attachment 4, is a summary 

of the data collected from the receiver pilot questionnaire.  The summary is divided into 

five sections: Common, Receptacle, Probe, Demographic, and Unassigned.   

The questions within the Common subsection address issues that receiver pilots may 

have encountered when refueling from either boom or drogue equipped tankers.  The 

following are examples of the types of issues that were addressed by the questionnaire: 

locating and identifying tanker aircraft, tanker markings and status lights, tanker dimming 

controls.   

The questions within the Receptacle subsection address issues that receiver pilots 

may encounter when they fly a receptacle-equipped aircraft and refuel from a boom 

equipped tanker aircraft.  The following are examples of the types of issues that were 

addressed by the questionnaire: use of the Pilot Director Lights, the effectiveness of the 

Pilot Director Lights for specific weather conditions.   

The questions within the Probe subsection address issues that receiver pilots may 

encounter when they fly a probe-equipped aircraft and refuel from a drogue equipped 

tanker.  The following are examples of the types of issues that were addressed by the 

questionnaire:  problems with the tanker, using the BDA kit adapter and the appropriate 

formation references, illuminating the drogue, drogue markings, visibility of tanker status 

lights for hose/drogue systems under specific conditions, and tanker status lights.    

The demographic section briefly addresses the respondents’ experience with different 

receiver aircraft and their refueling experience with different tanker aircraft.   

Attachment 4 also addresses the Tanker Questionnaire summary.  The Tanker 

Questionnaire Summary is a short description of the data collected from the Tanker 

Questionnaire.  The summary is divided into five sections: Common, Boom, Drogue, 

Demographic, and Unassigned.   

The questions within the Common subsection address issues that are common for 

both boom operators and aircrews that operate drogue-refueling systems.  The following 

are examples of the types of issues that were addressed by the questionnaire: night 

lighting and markings on receiver aircraft, and dimming receiver aircraft lighting. 

The questions within the Boom subsection address issues that boom operators may 

encounter when refueling receptacle equipped receiver aircraft.  The following are 
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examples of the types of issues that were addressed by the questionnaire: tanker nozzle 

light redundancy, and dimming the interior tanker lights. 

The questions within the Drogue subsection address issues that a boom operator may 

have encountered during refueling when a BDA-kit is attached to the boom.  The 

following are examples of the type of issues that were addressed by the questionnaire:  

tail mounted flood light use when refueling with a BDA kit (KC-135), viewing and 

lighting when using the BDA kit, improved viewing and lighting of the receiver aircraft.   

The demographic section briefly addresses the respondents’ experience with different 

tanker aircraft and their refueling experience with different receiver aircraft.   

9.5. CTA Interview Guidelines 

Interviews conducted for this study revealed that the cognitive skills associated with 

this task were quite complex both for the tanker operator as well as the receiver operator.  

A set of guidelines was developed to assist in evaluation of the interview results.  These 

guidelines were further expanded into a set of question probes and interview guidelines to 

assist in future interviews.  These cognitive task analysis interview guidelines are 

provided in Attachment 5 of this document.  They are included here as a tool for future 

research interviews in the area of aerial refueling.   

9.6. Results of Hose Tests for NVG Usage 

Attachment 6 provides the results from tests conducted at AFRL/HEC with regard to 

the reflectivity of both a black and a white hose.  These tests were conducted at 

AFRL/HEC at no cost to this program.  These evaluations provided valuable information 

with regard to both white and black hose reflectivity when using NVG. 

9.7. Existing Simulators and Areas for Potential Evaluation 
at Simulation Facilities  

Defining requirements associated with aerial refueling lighting upgrades or future 

systems requires careful analysis and thoughtful consideration.  Many tools are available 

to conceptualize potential design trade-offs and their ability to meet necessary 

requirements.  Typically, in aerial refueling lighting these tools have included mock ups, 

prototypes, and initial development aircraft.  Advances in modeling and simulation over 

the past few years has allowed for complex models of the aircraft and its lighting to be 

joined with the environment and its lighting.  Existing modeling and simulation facilities 

can provide meaningful information for early conceptual aerial refueling lighting designs.  

Two of these facilities exist at Wright-Patterson AFB, Ohio.  The Air Force Research 

Laboratory, Air Vehicles Directorate (AFRL/VACD), Aerospace Vehicles Technology 

Assessment and Simulation (AVTAS) offers one of these facilities, the other is the 

Synthesized Immersion Research Environment (SIRE) laboratory in AFRL, Human 

Effectiveness Directorate, Warfighter Interface Division (AFRL/HECP).  Capabilities of 

these two facilities are provided in Attachment 7 along with a table outlining areas for 

potential evaluation at these or other simulation facilities. 
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9.8. Aerial Refueling Lighting Guide 

The Aerial Refueling Lighting Study Guide (ARLS-G), see Attachment 8, is designed 

to cover external lights and marking considerations on the tanker and receiver aircraft 

used to perform serial refueling. Lighting and ergonomics at the boom operators position 

is also included for completeness in the acquisition of visual inputs required to carry out 

the task of aerial refueling.  The Guide is intended to be used for future aircraft but 

includes examples from existing aircraft for clarification purposes and is grouped first by 

common guidelines, then those for tankers, and third, for receiver aircraft. 
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10. Recommendations (Issues, Solutions & Future 
Research) 

The recommendations contained in Paragraphs 10.1, 10.2, 10.3 and 10.4 are based on 

assessments of the data obtained during this study through literature reviews, 

questionnaires, interviews, lighting manufacturing plant tours, research, 45 years of past 

aerial refueling lighting experience and an examination of new lighting technology. 

Methods for implementing the recommendations are included. 

The value of the recommendations and potential solutions to problems offered herein 

are open to further examination as all factors including operational needs and budget 

issues are considered. Comparative evaluations may be conducted when alternative ideas 

are offered. 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 I (Global Phase). 

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 II. (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. 

10.1. 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 
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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. 

10.1.1. 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.  

10.1.2. 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. 

10.1.3. 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. 

10.1.4. 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. 

10.1.5. 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. 

10.1.6. 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 20º elevation and ±15º 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 
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dimming control with a minimum of 10 positions of dimming. The operator dimming 

controller should be provided with lamp failure mode detection. 

10.1.7. 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. 

10.1.8. Vertical Stabilizer (Logo) Illumination 

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).  

10.1.9. 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. 

 

10.2. Tanker Boom/Receptacle Method 

10.2.1. 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 
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variable dimming control (controlled by aerial refueling operator) from full bright to off 

with lamp failure mode detection. 

10.2.2. Boom Telescoping Tube Envelope Markings 

The boom telescoping tube envelope should be provided with 360º 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. 

10.2.3. 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 

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. 
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10.2.3.1. 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.  An example of a CFPS is described in the technology 

section of this document. The various models and simulators described in this report may 

be used to assess the value of such combined formation/position equipment.   

10.2.4. 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. 

10.2.4.1. 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.   

10.2.5. Boom Interphone 

Provide tanker with through-the-boom inter-communication capability. 

 

10.3. Tanker Drogue Method 

10.3.1. 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. 

10.3.2. 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.  
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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. 

10.3.3. Tanker Turn Indicator Light 

Investigate methods for alerting receiver pilot that tanker turn is imminent.   

10.3.4. Boom-to-Drogue Adapter Kit (BDA Kit) 

The KC-135 boom when equipped with a boom-to-drogue adapter (BDA) kit does not 

provide for a set of these three status lights, since the BDA kit hose does not employ an 

automatic hose take-up system. The boom operator and pilot depend on the hose loop (C-

shape) visual identity for a contact-made condition by visual observation. The fuel flow is 

manually controlled by the boom operator’s verbal communication with the tanker 

second pilot who turns on the aerial refueling pumps. The only fuel flow indication the 

receiver pilot has is by the quantity/fuel gauges or boom operator voice/signal 

communications. Fuel flow termination is by either the receiver pilot’s radio signal 

command or the boom operator observation and anticipation of an impending disconnect 

by the receiver aircraft’s movement to the hose/drogue normal trail and disconnect 

position.. The boom operator is required to retract the boom telescoping tube to reduce 

the trapped fuel pressure to only static head pressure after each disconnect.  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.   

10.3.5. 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. 

10.3.6. Aerial Refueling Hoses 

Hose reel systems currently employ hoses of various lengths depending on the aircraft 

application, e.g., wing stores/pods, fuselage reels and the BDA kit. Wing store hoses and 

fuselage hose reel hoses may vary from 50 ft. to 85 ft. Some stores with metal hoses are 

only 35 feet long.  

The KC-135 BDA kit is 9 feet in length and does not provide automatic hose take-up 

as do standard hose reel systems. Due to the absence of this hose take-up provision and 

hose system characteristics with the BDA kit, a white hose is required for safety 

purposes. Hose position (C-shape) identity illuminated by the receiver’s probe 

light/fuselage light (when provided) and the tanker TMF requires a white versus a black 

hose. Hose positions are critical to the receiver pilot since the hose may wrap behind the 

drogue prior to disconnect, thus producing tanker and receiver aerial refueling equipment 

failure on disconnect. The white hose provides valuable position information for avoiding 

off-center disconnects associated with the very small hose envelope. Hose position also 

provides the boom operator coupling hook-up verification for fuel flow initiation during 

radio silent operations. 

Both white and black hoses with contrasting black/white markings are used on current 

aerial refueling hose reel type systems (wing and fuselage). Marking stripes on these long 

hoses (50 to 85 feet) typically are spaced 10 feet apart and are 1 foot wide. A light near 

the hose stowage exit illuminates these hose markings. Also, a fuselage light aft of the 

tanker hose exit directed forward, to avoid receiver pilot direct vision, is used to 

illuminate a section of the hose.  Also tanker elevator tip lights may provide a light 

source for wing mounted drogue stores/pods and hoses.  Also tanker elevator tip lights 

may provide a light source for wing mounted drogue stores/pods and 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. 
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Lighting for wing mounted drogue stores/pods and hoses may be provided by forward tip 

of horizontal tail lights. 

10.4. Existing Tankers Aerial Refueling Lighting 
Improvements 

10.4.1. 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-IC-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 10.2.3.1. 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;  

C) vertical tail illumination (both sides); and  

D) all lights modified to have individual dimming controls for NVG compatibility. 

10.4.2. 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. 

10.5. 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 
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are equipped with adequate lighting intensity and reliable lighting/marking to insure safe 

and reliable aerial refueling. 

10.5.1. Receptacle/Slipway Equipped Receiver Aircraft 

A. The below aerial refueling lighting and marking recommendations are primarily 

from the boom operator’s perspective; they are designed to enhance his/her ability to 

accomplish the aerial refueling tasks through the aerial refueling process. These tasks 

include but are not limited to: 1) acquiring the receiver aircraft; 2) directing the receiver 

aircraft into the contact position; 3) securing the hook-up; 4) assisting the receiver aircraft 

pilot in maintaining the boom envelope throughout the initiation of disconnect including 

emergency break-away calls. The boom operator and other tanker crew members to 

monitor receiver aircraft traffic throughout the aerial refueling evolution.  

The boom/receptacle aerial refueling method requires good depth perception for 

making the hook-up, maintaining the contact and avoiding striking the receiver aircraft 

throughout the aerial refueling procedure. Proper lighting and markings are critical for 

low/no ambient light conditions. Major tanker aerial refueling lighting considerations 

involve the boom nozzle light and the tanker tail mounted flood light. Likewise the 

receiver aircraft overwing/fuselage lighting around the aerial refueling 

receptacle/slipway, reflective tape/paint T-bar markings outline slipway receptacle 

lighting and other critical aircraft contours highlighted with contrasting paint/outlines, 

e.g. the windscreen. Factors which make the operator’s task more difficult and reduce the 

effectiveness of the task include protruding antennas in the boom path, low observable 

paint, air turbulence, poor lighting, receptacle /slipways located in trough areas and 

receptacles located above the aircraft mold line (particularly externally-mounted 

receptacle/slipway). 

 

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;  
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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 

J. Retrofit all aircraft currently not equipped with through-the-boom intercom 

communications. 

K. 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. 

10.5.2. 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.  

10.5.2.1. Probe Equipped Receiver Aircraft 

1) 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) 

B. Drogue/coupling (tanker) 

C. Tanker hose/drogue markings  

D. Aerial refueling store/pod (tanker) 

E. Fuselage Drogue Exit (tanker) 

F. BDA kit hose and boom telescoping tube (tanker) 

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

(tanker) 

2) Provide the receiver probe light with cockpit dimming control from full on to full 

of; 

3) Provide the smaller fighter/attack aircraft with critical formation fuselage side-

mounted strip lighting; and 
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4) Provide the anti-collision rotating beacon light with separate on/off controls and 

full dimming capability. 

10.6. Night Vision Goggles (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 

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. 

10.7. 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 should 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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10.7.1. Future Research Aerial Refueling Lighting Concepts 
for Evaluation via Scale Models, Photographers’ Tunnels 
and Simulators,  

Phase I and II Types. 

The following table is included only as a potential guide and example of how the 

latest technology and/or concepts may be used in providing new and existing tankers and 

receiver aircraft improved lighting and reliability for aerial refueling. It also suggests the 

type of facility and/or simulator for lighting evaluations. 

 

 
Table 5. Future Research Aerial Refueling Lighting Concepts for Evaluation via Scale Models, 

Photographers’ Tunnels and Simulators,  

Phase I and II Types. 

Tanker Aircraft Receiver Aircraft 

No. 
Light Source 

Identity 
and Other 

Suggested 
Technology 

for Evaluation 

Type 
Evaluation/ 

Facility 
Suggested 

No. 
Light Source 

Identity 
 and Other 

Suggested 
Technology 

for 
Evaluation 

Type 
Evaluation/ 

Facility 
Suggested 

1.T 

Underbody 
references also 

new concepts as 
CSPS 

Higher reliability 
LED’s with IR 

2. receiver 
pilot 

3. receiver 
pilot 

1R 
Redundant 

Slipway/Receptacle 
LED’s and 

IR 
3. boom 
operator 

2.T 

Wing Leading 
Edge 

& Engine 
Nacelle 

High reliability 
LED’s 
and IR 

2. receiver 
pilot 

3. receiver 
pilot 

2R 

Area lighting 
protrusions, 

contours, raised 
areas 

LED’s and 
IR 

1. boom 
operator, 
3. boom 
operator 

3.T 
Dimming 
Controls 

Master dimming 
control for aircraft, 

aerial refueling 
lights and IR 

1. all, 2. 
all, 3. all 

3R 
Balanced 

overwing/fuselage 
lighting 

LED’s and 
IR 

1. boom 
operator, 
3. boom 
operator 

4.T 

AR Store. & 
Critical 

Reference 
Illumination 

Higher reliability 
LED’s with IR 

1. all, 2. 
all, 3. all 

.4R 
Windscreens 

(reflective 
paint/tape) 

No change 

1. boom 
operator, 
3. boom 
operator 

5.T 
Bottom 

Fuselage Strip 
Formation 

New technology 
electro-luminescent 

strip & IR 

2. receiver 
pilot 

5R 
Markings, outline 

UARRSI 
No change 

1. boom 
operator, 
3. boom 
operator 

6.T 
Tail Mounted 

Floodlight (TMF) 
LED’s and IR 

3. boom 
operator 

6R 

On/ff, dimming 
controls 

upper/lower 
beacons/strobes 

N/A 

1. boom 
operator, 
3. boom 
operator 

7.T 
Anti-Collision 

Strobe/Beacon 
Tanker identity, 

hardware identity 
2. receiver 

pilot 
7R 

Fuselage side strip 
lighting, (fighters 

and attack aircraft) 

Electro-
luminescent, 
LED’s and 

IR 

3. boom 
operator 

8.T 
Vertical 

Stabilizer (Logo) 
LED’s and IR 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

8R 
Full bright/full off 
dimming controls, 
all external lighting 

N/A 
3. boom 
operator 

9.T 
Wing Tip 

Formation 
References 

LED’s, electro-
luminescent strip & 

IR 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

9R 
Through-the-boom 

intercom (future 
receivers) 

Increase 
signal to 

noise ratio, 
eliminate 
noise to 
signal 

amplifier 

N/A 
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Tanker Aircraft Receiver Aircraft 

No. 
Light Source 

Identity 
and Other 

Suggested 
Technology 

for Evaluation 

Type 
Evaluation/ 

Facility 
Suggested 

No. 
Light Source 

Identity 
 and Other 

Suggested 
Technology 

for 
Evaluation 

Type 
Evaluation/ 

Facility 
Suggested 

10.T Nozzle Light LED’s and IR 

2. boom 
operator 
3. boom 
operator 

10R 
Through-the-boom 
intercom (retrofit 

existing) 

Increase 
signal to 

noise ratio, 
eliminate 
noise to 
signal 

amplifier 

N/A 

11.T 

Boom 
Telescoping 

Tube Envelope 
Markings 

Add IR 

2. receiver 
pilot 

3. receiver 
pilot 

11R 
Probe/fuselage 

mounted floodlight 
(redundant) 

LED’s and 
IR 

2. 

12.T 

Boom Op. Panel 
& Receiver Pilot 
Cockpit Status 

Lights 

Improve viewing 
angle 

1. boom 
operator 
3. boom 
operator 

12R 
Receiver probe 
light w/ cockpit 

dimming 

LED’s and 
IR 

2. receiver 
pilot, 

3. receiver 
pilot 

13.T 

Pilot Director 
Lights/  

New Concepts 
as CSPS 

KC-10/KC-707 
Equivalent LED’s 

and IR 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

    

14.T 
External Tanker 

Status Lights 
Drogue 

Standardize with 
LED’s & 

flashing/brightening 
concepts 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

    

15.T 
Drogue/Coupling 

Markings & 
Hose Markings 

LED’s, solar BDA 
kit coupling/drogue 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

    

16.T 

A R Lighting 
Improvements 

for KC-135 
Existing Tankers 

KC-707/KC-10 with 
LED’s and IR 

1. receiver 
pilot,  

2. receiver 
pilot, 

3. receiver 
pilot 

    

17.T 
Through the 

Boom 
Communication 

Increase signal 
to noise ratio 

N/A     
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13. AR Equipment Description CD’s 
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Attachment 1:  Aerial Refueling Equipment Photo Gallery 
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Attachment 2:  Aerial Refueling Lighting/Markings Block 
Diagrams 
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Attachment 3:  Questionnaires (Receiver & Tanker) 
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Attachment 4:  Questionnaire Summaries (Receiver & 
Tanker) 
 

 



 

Attachment 5 - 1 

 Attachment 5:  CTA Interview Guidelines 
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Attachment 6:  Results of Hose Tests for NVG Usage 
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Attachment 7:  Existing Simulators and Areas for 
Potential Evaluation at Simulation Facilities 
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Attachment 8:  Aerial Refueling Lighting Study Guide 
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Photo Gallery 
 


Index for Aerial Refueling Photographs/Lighting Identity and Other 
 


 
 
 1.  KC-135 boom tanker (USA) centerline boom 


 
a. centerline boom basic aircraft photo 
b. /F-15 TMF photo illustration 
c. external lighting top view 
d. external lighting underbody view 
e. light reference identity chart 
f. /F-16 TMF night illumination 


 
 2.  KC-10 boom tanker (USA) centerline boom 
 
  a. basic aircraft photo centerline boom 


b. KC-10.F-15 photo TMF illustration 
  c. external lighting top view 
  d. external lighting underbody view 
  e. lighting reference identity chart 
 
 3.  International boom tankers 
 
  a. KC-707 IIAF  
  b. KE-3 Saudi and F-5 
  c.  KC-747 IIAF prototype 
 


4. Receiver aircraft receptacle 
 
  a. A-10 
  b. KC-135 and B-1 
  c. KC-10 and B-2 
  d. KC-10 and B-52 
  e. KC-135 and C-5 
  f. KC-135 and C-17 
  g. C-130 UARRSI 
  h. KC-135 and C-141 
  i. KC-135 and E-3 
  j. E-4 


k. ABL refueling and 
           nose refueling                                 


  l. KC-135 and F-4 


m. F-15 with strip lighting  
n. F-16/KC-135 TMF 
o. F-16 Tail Mounted Floodlight 
  
p. F-117 
q. KC-135 and F-105  
r. KC-10 
s. SR-71 
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 5. Drogue tankers (USA) 
 
  a. KC-135 BDA kit and KC-135 BDA kit (ground shot) 
  b. KC-135 wing stores with Navy F-18 (limited number) 
  c. KC-10 wing stores (limited number) 
  d. German Tornado buddy store 
 
 
 6. Drogue tankers (contractor/international) 
 
  a. KC-707 Omega 
  b. KC-707 IIAF 
  c. HC-130 with HH-53  
   
 
 7. Receiver aircraft probe (US and international) 
 
  a. A-6 (US) 


b. A-37 (fuselage        
mounted probe 
light) (US) 


c. AV-8(US) 
d. F-14 with KC-135    
           BDA kit (US) 


  e. F-18 (US) 


f. S-3 (US) 
g. MH-47 (US) 
h. MH-60 (US) 
i. E-3 (int.) 
j. Tornado (int.) 
k. F-5 (int.) 
l. V-22 with tilt wing/KC-130 
 


        
 
 8. Tanker aircraft equipment, boom 
 
  a. KC-135 boom 
  b. KC-10 boom 
  c. boom nozzle (current/new) 
  d. tail mounted floodlights (TMF) 
  e. pilot director lights (PDL’s) (KC-135 vs. KC-707) 


f. pilot director lights PDL’s)  latest 
g. boom nozzle light (KC-135) current 
h. signal intercommunication amplifier 


 
 9. Tanker aircraft equipment, drogue 
 
  a. BDA kit/breakage (concept, concept validity, and results) 


b. centerline hose reel/drum and centerline hose reel drum  
KC-135 keel bay installation  


c. wing store/pod illustrating status lights and guard 
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d. canopy style drogue (left with reflective tape on canopy 
struts) 


e. KC-135 rotating beacon/strobe lights (upper and lower) 
f. Buddy store 


  
 10. Receiver aircraft receptacle 
 
  a. UARRSI USAF XAR 
  b. roll over 
  
 11. Receiver aircraft probe 
 
  a. probe nozzle  
  b. probe nozzle light (F-105) 
 
 12. Advanced technology miscellaneous photos 
 
  a. universal aerial refueling store (AR in-flight convertible) 
  b. universal aerial refueling store (boom mode) 
  c. universal aerial refueling store (drogue mode) 
  d. proximity flight test photo boom mode (KC-135/F-100) 
 
 13. Evaluation facilities 
 
  a. photo laboratory (wing/camera) 
  b. pilot vision plot 


c. photo laboratory with lighted nacelle and photo laboratory   
           without lighted nacelle 


  d. AFRL UV simulator (boom op.) 
e. Full scale aircraft mock-up marking evaluation (B-1) 


 
14.   Multiple Receivers 
 
 a. Tanker with formation of multiple receivers (KC-135/F-16) 


 
 








Initial Lighting Study Scope of Investigation KC-135 


Receiver AR Task Perspective 
 


 


Receiver Pilots Fromation Reference 


on Tanker Aircraft for: 


 


 


 
    A-10, B-1, B-2, B-52,         C-5, C-17, C-130, C-141, 


F-15, F-16, F-117, KC-10, E-3, E-4, E-6     F-14, F-18, KC-135, S-3 etc. 


 
 


 


           Boom                Drogue 


   Tanker (KC-135)         Tanker (KC-135) 


        USAF/Int.            Navy/Marine 


                 International 


 


    Wing Leading 
      Under-   Under-  Edge Engine    Wing Tip        Receiver       Wing Hose Reel   Wing Hose Reel 


      Body   Wing     Nacelles      Formation     Status Lights 


    Light Control  
     


         Director          Boom/Telescope      Upper/Lower         AR Store    Drogue/Coupling         Under-Body         Hose Exit & Probe Receiver 


          Lights      Tube            Tanker    Wing/Fuselage    Lighting/Marking Aft/Lower          Hose Markings      Aircraft 


             Rotating 


        Beacon / Strobe            Engine Nacelle         TMF 


             Wing Leading Edge    
 Fwd &                Status Lights 


 


  Aft                  BDA Kit 


 Body            9’ Hose/Drogue 


 


 


 


        TMF      Probe     Under-Body 


                         Nozzle Tip      Aft Lower 
Clear = Satisfactory          Wing Leading Edge          Fuselage 


Shaded = Area of Concern  


TMF = Tail Mounted Floodlight           Engine Nacelle 


NVG/Covert = Impact Not Illustrated        


              Boom Telescoping Tube 


 


                       







Initial Scope of Investigation for Aerial Refueling Lighting Study KC-135 
Tanker Aerial Refueling Operator AR Task Perspective 


 


 
 


 


 
 


 


Tanker Operator’s 


    Perspective 


 


 


 
            A-10, B-1, B-2, B-52, F-15, F-16,        C-5, C-17, C-130, C-141, 


      F-117, KC-10, E-3, E-4  E-6, F-14, F-18, KC-135, S-3 etc. 


 


 


 


 


          Tanker Boom                Tanker 


              (KC-135)           Wing Stores/Pods 


             BDA Kit         KC-135 


                 KC-135 


             


 


      Boom  TMF            Receiver  Receiver Probe      BDA Kit        Receiver   AR          Hose  Probe           Drogue & 


      Nozzle Tanker       A/C Area    Nozzle Light     Hose   Top  Wing      Markings   Light          Coupling 


         AR and / or    Drogue           Lighting              Stores            Lighting 


         Store Light              Surface 


 


 


     Nozzle          UARRSI      Over-Wing  Operator Receiver         Rotating          System Status Lights 


     Light         & Receptacle       Lighting     Station Status BDA Kit            Beacon Top/Lower  


            Slipway      Receiver   Lights  Lighting    Receiver A/C 


 
 


Clear = Satisfactory 


Shaded = Area of Concern 


NVG/Covert = Impact Not Illustrated  


 = Marginal Lighting 


TMF = Tail Mounted Floodlight 


* BDA Kit Not Appropriate for KC-130/KC/HC-130 MC-130H Tankers and KC-10 Tanker 


** Boom Not Appropriate for KC/HC-130’s 
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Aerial Refueling Lighting / Marking/ Formation Aids / Status Lights 


Aerial Refueling Questionnaire 
 
Receiver Aircraft Pilots 
 
 
 
 
 


I. Purpose of Questionnaire 
 
 
II. Use of Questionnaire 
 
 
III. Guidance in Completing Questionnaire 
 
 
IV. Receiver Aircraft Pilot Experience and Specific Questions for Receiver 


Aircraft Pilots 
 
 
V. Appendix 
 
  Lighting and Marking Illustrations 
  Light Source Identification Lists 
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Aerial Refueling Lighting / Markings / Formation Aids / Status Lights 
Aerial Refueling Questionnaire 
 
 
 


I. Purpose 


The purpose of this document is to provide data for a study for the USAF that explores aerial 
refueling lighting and markings of tanker and receiver aircraft including both boom / 
receptacle and probe / drogue systems. 


The study will address issues regarding the adequacy of existing formation, lighting and 
markings of tanker and receiver aircraft. The results of the study will provide guidance and 
recommendations for existing and future tanker and receiver.  


This one-year study is being conducted by the University of Dayton Research Institute under 
USAF contract # F42620-00-D-0028 dated 10 Aug ‘04. The study is designed to collect data 
from questionnaires completed by tanker and receiver aircraft pilots and boom operators. 
Interviews and meetings with these individuals will provide additional data. Contact with all 
US military services that conduct aerial refueling operations is deemed to be appropriate and 
is authorized under the terms of the contract. 


 


II. Use of the Questionnaire 


Completed questionnaires will be used solely to achieve the objectives of this study, and all 
the information collected will be compiled and analyzed to inform and make appropriate 
recommendations to the USAF contracting agency.  


Distribution of the findings of this study will be as authorized by the USAF contracting agency 
only. Results and recommendations from this study are intended for the use of USAF DoD 
agencies.  


Note: Separate questionnaires have been prepared for 1) receiver pilots; and 2) tanker boom 
operators, observers, flight engineers and tanker pilots. This questionnaire is specific to 
receiver pilots. 
 
 
III. Guidance in Completing the Questionnaire 


If you are qualified in more than one receiver aircraft, please fill out an additional 
questionnaire. 


If a particular question is not applicable, skip that question or mark it with N/A.  
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Aerial Refueling Lighting / Marking/ Formation Aids / Status Lights 
 


IV. Receiver Pilot Questionnaire 
 


1. What is your receiver aircraft aerial refueling experience?  List type receiver aircraft 
and estimated hours. 


Type Receiver 
Aircraft 


Total Hrs in A/C 
Estimated Hrs 
Refueling 


Estimated % Hrs in Night 
Refueling 


Indicate To Which 
Aircraft Your Answers 
Apply 


     


     


     


 


2. Indicate the experience in aerial refueling from a specific tanker aircraft and the 
number of hook-ups from that aircraft. (estimate is sufficient). 


  (X) Tanker Aircraft (Boom Type)   Estimated # of Hook-Ups % Night 


   A. ____ KC-135 Boom      _____   _____ 


   B. ____ KC-10 Boom      _____   _____ 


   C. ____ KE-3 Boom (Saudi Arabia)    _____   _____ 


   D. ____ KC-707 Boom (Israel)     _____   _____ 


   E. ____ KDC-10 Boom (Dutch)    _____   _____ 


   F. ____ KC-707 Boom (IIAF)     _____   _____ 


   G. ____ KC-747 Boom (IIAF)     _____   _____ 


   H. ____ Other       _____   _____ 


 
  (X) Tanker Aircraft (Drogue Type)  Estimated # of Hook-Ups % Night 


   A. ____ KC-135 Wing Store     _____   _____ 


   B. ____ KC-135 Boom-to-Drogue (BDA) Adapter Kit  _____   _____ 


   C. ____ KC-10 Fuselage Drogue    _____   _____ 


   D. ____ KC-10 Wing Store     _____   _____ 


   E. ____ KC-130 Wing Fighter Drogue    _____   _____ 


   F. ____ KC-707 Fuselage Drogue (Omega)   _____   _____ 


   G. ____ KE-3 Wing Drogue (Saudi Arabia)   _____   _____ 


   H. ____ KC-707 Fuselage/Wing Drogue (Italian)  _____   _____ 


    I.      ____ KC-707 Wing Drogue (Spanish)   _____   _____ 


   J. ____ KC-130J Fighter Drogue    _____   _____ 


   K. ____ KC-130 (Rotary Wing Drogue)   _____   _____ 


   L. ____ HC-130P/N (Rotary Wing Drogue)   _____   _____ 


   M ____ MC-130H (Rotary Wing Drogue)   _____   _____ 


   N. ____ Other       _____   _____ 


   O. ____ Other       _____   _____ 
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   P. ____ Other       _____   _____ 


3. How do you locate and identify the tanker (electronically and/or visually; e.g. GPS, tail 
markings, etc.)? Please list your answers in order of importance to you, and please 
indicate whether you are referencing day, night aerial refueling or weather.  


 


          Day  Night     Weather 


A. _____________________________________________________________________ 


B. _____________________________________________________________________ 


C. _____________________________________________________________________ 


D. _____________________________________________________________________ 


E. _____________________________________________________________________ 


 


4. Indicate in order of importance (on a scale of 1 – 10; 1 being the most important, and 
10 being the least important) the tanker references and/or commands you use prior 
to hook-up. Please answer for day/night/weather. (The attached illustration will help 
you to identify light and markings and their locations.) 


Prior to Hook-Up 


         Day    Night    Weather 


  A. Verbal (by boom operator)   _____   _____   _____ 


  B. Visual tanker 


 1.  Boom     _____   _____   _____ 


 2.  Store / POD    _____   _____   _____ 


 3.  Underbody Stripe, Centerline Fuselage _____   _____   _____ 


 4.  Wing Root     _____   _____   _____ 


 5.  Director Lights (Manual by B.O.)  _____   _____   _____ 


 6.  Director lights (Automatic) Boom Position _____   _____   _____ 


 7.  Fuselage/Wing/Engine Nacelle  _____   _____   _____ 


 8.  Aerial Refueling Pod/Store  _____   _____   _____ 


 9.  Hose / Hose Stripes (Markings)  _____   _____   _____ 


 10.  Drogue     _____   _____   _____ 


 11.  Hose / Drogue / Probe   _____   _____   _____ 


 12.  Probe     _____   _____   _____ 


 13.  Emergency Disconnect   _____   _____   _____ 


 14.  Other (antennas, rivets, etc.)  _____   _____   _____ 


 15.  Underbody    _____   _____   _____ 


     (specify portion of underbody)  ____________________________ 


 16.  Tail-mounted floodlight 


  a.  KC-135    _____   _____   _____ 


  b.  KC-10      _____   _____   _____  


  C. Combinations of Above (Specify Letter/Number) 


    _____   _____   _____ 
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    _____   _____   _____ 


    _____   _____   _____ 


 


5. Indicate in order of importance (on a scale of 1 – 10; 1 being the most important, and 10 being the least 


important) the tanker references and/or commands you use for maintaining a stable platform after 
hook-up and throughout the aerial refueling / fuel transfer / disconnect process. Please answer for 
day/night/weather.   


After Hook-Up, During Fuel Transfer, and Disconnect 


         Day    Night    Weather 


 A. Verbal (by boom operator)   _____   _____    _____ 


B. Visual Tanker    _____   _____    _____ 


  1.  Boom     _____   _____    _____ 


   2.  Store / POD    _____   _____    _____ 


   3.  Underbody Stripe, Centerline Fuselage _____   _____    _____ 


   4.  Wing Root     _____   _____    _____ 


   5.  Director Lights (Manual by B.O.)  _____   _____    _____ 


   6.  Director lights (Automatic) Boom Position _____   _____    _____ 


   7.  Fuselage/Wing/Engine Nacelle  _____   _____    _____ 


   8.  Aerial Refueling Pod/Store   _____   _____    _____ 


   9.  Hose / Hose Stripes   _____   _____    _____ 


   10.  Drogue     _____   _____    _____ 


   11.  Hose / Drogue / Probe   _____   _____   _____ 


   12.  Probe     _____   _____    _____ 


   13.  Emergency Disconnect   _____   _____    _____ 


   14.  Other (Antennas, Rivets, etc.)  _____   _____    _____ 


     15.  Underbody     _____   _____    _____ 


          (specify portion of underbody) _________________________________________ 


  16.  Tail-mounted floodlight 


  a.  KC-135    _____   _____    _____ 


  b.  KC-10      _____   _____     _____  


 


C. Combinations of Above (Specify Letter/Number) 


    _____   _____    _____ 


    _____   _____    _____ 


    _____   _____    _____ 


 


6.a. Do you use the pilot director lights? _____ Yes  _____ No 


6.b. If you use the pilot director lights, please rate their effectiveness for day/night/weather: 


 Prior to Hook-Up 


 Adequate   _____ 
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 Could be improved  _____ 


 Problem: _________________________________________________ 


 _________________________________________________________ 


 Improvement suggested: ____________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  


6.c. If you use pilot director lights, please rate their effectiveness (day/night/weather): 


After Hook-Up 


 Adequate_____  Could be improved_____ 


Problem: _________________________________________________ 


 _________________________________________________________ 


  Improvement suggested: ____________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


6.d. Would you prefer commands______ or position information ______ from the 


Pilot Director Lights? 


7. Are tanker markings, lighting, status lights, etc. satisfactory for aerial refueling? 


 


 Identify Tanker and System (type of system: boom/receptacle or probe/drogue) 


 _______________________________________________________________ 


  ____ Adequate  ____ Could be improved 


  Improvement suggested: ___________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


 


 Identify Tanker and System ___________________________________ 


  ____ Adequate  ____ Could be improved 


  Improvement suggested: ___________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 
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 Identify Tanker and System ___________________________________ 


  ____ Adequate  ____ Could be improved 


  Improvement suggested: ___________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


 


 Identify Tanker and System ___________________________________ 


  ____ Adequate  ____ Could be improved 


  Improvement suggested: ___________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


 


 Identify Tanker and System ___________________________________ 


  ____ Adequate  ____ Could be improved 


  Improvement suggested: ___________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


  _________________________________________________________ 


 


8. What problems have you experienced with a given tanker, formation references, i.e.: 
lighting / markings etc? Please specify problems, whether they were experienced 
during day, night or weather conditions and potential solution. 


 


A. Verbal (by boom operator)  Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


B.  Visual tanker       


 (1) Boom (fluorescent  
  markings, colors, etc.) 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
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 (2)  Store / POD Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (3)  Underbody Stripe Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (4)  Wing Root  Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (5)  Director Lights (Manual  
  by Boom Operator) 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (6)  Director Lights (Boom  
  Position) 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (7)  Fuselage/Wing/Engine  
  Nacelle 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (8)  Aerial Refueling Pod /  
  Store 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (9)  Hose / Hose Stripes /  
  Markings / Color 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (10)  Tanker Tail-mounted  
  Floodlight 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
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Suggested Solution:_______________________ 
_______________________________________ 
 


 (11)  Drogue (lighting,  
  reflective tape, tritium  
  buttons, external,  
  within drogue cone) 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (12)  Hose / Drogue / Probe Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 (13)  Probe (receiver aircraft) Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 


 


  A. Nozzle Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 


 


  B. Drogue Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 


 


  C. Hose Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 


 


  D. Tanker AR Store Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 


 


  E. Other Tanker  
   References 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
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 (14)  Have you experienced a 
  probe light failure? 


 


 _____ Yes  _____ No 


  a. If yes, how did it  
   affect your  
   ability to make 
   the hook-up?   


_________________________________________
_______________________________________ 
________________________________________ 
________________________________________ 


  b. Should the probe  
   light be  
   redundant? 


   


   _____ Yes  _____ No 


 (15)  Would you favor  
  standardized hose  
  marking for all the  
  tanker aircraft?   


 
 _____ Yes  _____ No 


 C.  Combinations of Above (Specify 
Number/Letter) 
 
______________________________ 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 
 
 
______________________________ 
 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
 


 
 
 
______________________________ 
 


Tanker Type: ________ Problem:____________ 
_______________________________________ 
 
Suggested Solution:_______________________ 
_______________________________________ 
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  9. Are there obstructions (windscreen, hardware, frames, mirrors, etc.) that 
obscure your view of formation references on the tanker? 


  No   _____ Yes _____ 


 Please specify: _________________________________________________ 


 ______________________________________________________________ 


 ______________________________________________________________ 


  10. Are there formation references on the tanker that you use during daylight 
operations that you cannot see at night because they are not illuminated? 


  No   _____ Yes _____ 


 Please specify: _________________________________________________ 


 ______________________________________________________________ 


 ___________________________________________________________ 


  11. The following questions pertain to Night Vision Goggles. 


    11.a.  In your operations and/or training, do you use night vision goggles (NVG)? 


  Yes  _____   No   _____ 


    11.b.  If yes, what problems do you experience in using NVG in night aerial 
refueling? 


 Prior to Hook-up 


__________________________________________________________________ 


__________________________________________________________________ 


  


After Hook-up 


__________________________________________________________________ 


__________________________________________________________________
  


   11. c.  Currently, different symbology is being employed on different tanker aircraft 
to provide NVG compatibility for the drogue status lights.  What is the impact of this 
absence of tanker-to-tanker standardization on your ability to perform the aerial 
refueling task?  Please state the impact: 
____________________________________________________________________ 


____________________________________________________________________ 


____________________________________________________________________ 


____________________________________________________________________ 


 


11.d. What is the impact of not standardizing NVG-compatible symbology for pilot 
director lights and boom telescoping tube markings? 


____________________________________________________________________ 


____________________________________________________________________ 


____________________________________________________________________ 
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12. What type of tanker light dimming controls do you prefer for night/low 
light/weather aerial refueling conditions? 


_____ full dimming _____ stepped (3 position, high/dim/off) _____ Other 


If other, please specify: _________________________________________________ 


 


  13.a. Have you experienced difficulty when rendezvousing with an aircraft in 
identifying whether that aircraft is a tanker? (e.g. during radio silence) 


  _____ Yes   _____ No 


 Comments:
 __________________________________________________ 


  __________________________________________________ 


 


  13.b. How do you identify what type of aerial refueling system (boom or 
drogue or both) a tanker carries during rendezvous? (e.g. during radio 
silence, etc.) 


 _________________________________________________________ 


_________________________________________________________ 


 _________________________________________________________ 


 


  14. When using the KC-135 boom-to-drogue adapter kit, does the tanker 
provide adequate formation references for day/night/twilight/weather 
aerial refueling? 


 _____ Yes  _____ No 
 


If no, please explain: _____________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


 


  15. Should the drogue be illuminated at night / twilight / weather? 


  _____ Yes   _____ No 


 If yes: please specify: External:   __________ 


     Within drogue cone:  __________ 


     Both    __________ 


 


  16. Specify type of drogue marking / lighting preferred: 


   light reflected (tape/paint)   ______________ 


   tritium buttons    ______________ 
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   active (external and internal cone) ______________ 


   other (specify)    ______________ 


         ______________ 


 


  17. Are the tanker status lights for the hose / drogue system visible under 
day / night / twilight / weather lighting conditions? 


Yes ____  No ____  
Please rate their effectiveness. 


    Satisfactory  __________________ 


    Poor   __________________ 


    Need improvement __________________ 


 


  18. Is redundancy in tanker placement of status lights needed due to visual 
restrictions under different viewing angles, natural light variations, 
windscreen obstructions, etc. 


  _____ Yes   _____ No 


 


  19. In your experience, how do low sun angles, light reflections from aircraft 
paint and/or other light/weather conditions affect your ability to perform 
the aerial refueling task? Please explain. 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


 


  20. With fuselage mounted hose reels and/or wing mounted hose reels, are 
hose distance and hose position markings important to you? (Please 
mark “yes” or “no”.) 


      Day  Night  Twilight 


      ____  ____    ____ 


 


 If you answered yes to any option, please explain how they assist you: 


___________________________________________________ 


 ___________________________________________________ 


 ___________________________________________________ 


 


 Are hose(s) and markings visible to you? (Please mark “yes” or “no”.) 


    Day  Night  Twilight   NVG 


    ____  ____    ____    ____ 
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  21. If you have additional comments, not addressed in this questionnaire, 
please write them in below. (Additional pages may be added.) Suggestions 
regarding the content of this questionnaire are welcomed. 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


______________________________________________________________ 


 


UARRSI = Universal Aerial Refueling Receptacle Slipway Installation







Attachment 3 - 15 


 


 








Aerial Refueling Lighting / Marking/ Formation Aids / Status Lights 


Aerial Refueling Questionnaire 


 


Attachment 3 - 15 


 


DHK/UDRI 
Revised: 2-28-05 


Tanker Crews 
Version 7 


 
 
 
 
 
 


Aerial Refueling Lighting / Marking/ Formation Aids / Status Lights 


Aerial Refueling Questionnaire 
 


Tanker Boom Operators, Flight Engineers, Loadmasters, and Tanker Pilots 
 
 
 
 
 
 


I. Purpose of Questionnaire 
 
 
II. Use of Questionnaire 
 
 
III. Guidance in Completing Questionnaire 
 
 
IV. Boom Operator / Observers Experience and Specific Questions for 


Tanker Boom Operators, Observers, Flight Engineers and Tanker Pilots 
 
 
V. Appendix 
 
  Lighting and Marking Illustrations 
  Light Source Identification Lists 


 
 







Aerial Refueling Lighting / Marking/ Formation Aids / Status Lights 


Aerial Refueling Questionnaire 


 


Attachment 3 - 16 


 


 
Aerial Refueling Lighting / Markings / Formation Aids / Status Lights 


Aerial Refueling Questionnaire 
 
 


I. Purpose 


The purpose of this document is to provide data for a study for the USAF that explores aerial 
refueling lighting and markings of tanker and receiver aircraft including both boom / 
receptacle and probe / drogue systems. 


The study will address issues regarding the adequacy of existing formation, lighting and 
markings of tanker and receiver aircraft. The results of the study will provide guidance and 
recommendations for existing and future tanker and receiver aircraft and for future tanker and 
receiver aircraft lighting and markings. 


This one-year study is being conducted by the University of Dayton Research Institute under 
USAF contract # F42620-00-D-0028 dated 10 Aug ‘04. The study is designed to collect data 
from questionnaires completed by tanker and receiver aircraft pilots and boom operators. 
Interviews and meetings with these individuals will provide additional data. Contact with all 
US military services that conduct aerial refueling operations is deemed to be appropriate and 
is authorized under the terms of the contract. 


II. Use of the Questionnaire 


Completed questionnaires will be used solely to achieve the objectives of this study, and all 
the information collected will be compiled and analyzed to inform and make appropriate 
recommendations to the USAF contracting agency.  


Distribution of the findings of this study will be as authorized by the USAF contracting agency 
only. Results and recommendations from this study are intended for the use of USAF DoD 
agencies.  


III. Guidance in Completing the Questionnaire 


A. If you are qualified in more than one tanker aircraft, please fill out separate 
questionnaires for each tanker. 


B. If a particular question is not applicable, skip that question or mark it with N/A.  


C. Separate questionnaires have been prepared for 1) receiver pilots; and 2) 
tanker boom operators, observers, flight engineers and tanker pilots. This 
questionnaire is prepared specifically for tanker crews: boom operators, 
loadmasters, flight engineers and pilots. If you have any suggestions for 
revisions to, additions to or deletions from this questionnaire or the receiver 
pilots’ questionnaire, we will be pleased to hear from you. 
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IV. Boom Operator, Observers, Flight Engineer, Tanker Pilot Questionnaire 


   1. What is your tanker experience in regard to aerial refueling? 


Type Tanker 
Aircraft 


Type System 
Total 
Hrs in 
A/C 


Estimated 
Hrs 


Refueling 


Estimated % Hrs 
in Night 


Refueling 


Indicate To Which 
Tanker Your 


Answers Apply 


KC-135 Boom     


 Drogue (BDA Kit)     


 Wing Drogue     


KC-10 Boom     


 Fuselage Drogue     


 Wing Drogue     


KC-130  Wing Drogue (fighter)     


KC/HC/MC-130 Wing Drogue (helicopter)     


MD-10 (Dutch) Boom     


KC-707 (IIAF & 
Saudi Arabia) 


Boom and Wing Drogue 
 


   


KC-707 (Omega) Fuselage Drogue     


KC-707 (Spanish) Wing Drogue     


KC-707 (Italian) Wing & Fuselage Drogue     


KC-747 (IIAF) Boom     


Other (specify)      
  


      2. What receiver aircraft have you aerial refueled? 


Receptacle/UARRSI Indicate with (X) Probe Indicate with (X) 


A-7D Receptacle   A-3/B-66  


A-7K UARRSI  A-4   


A-10 UARRSI  A-6   


B-1 UARRSI  A-7   


B-2 Receptacle  A-37   


B-52 Receptacle  AV-8A/B  


B-58 Receptacle  F-4   


C-5 Receptacle  F-5   


C-17 UARRSI  F-14  


C-130 UARRSI  F-18   


C-141 UARRSI  F-100  


E-4 UARRSI  F-101  


E-6 UARRSI  F-102  


F-4 Receptacle  F-104  


F-15 Receptacle  F-105   


F-16 Receptacle  HH-3   


F-22 Receptacle  HH-53  


F-111 Receptacle  KE-3 (British/French)  


F-117 Receptacle  MH-47D/E   


F-105 Receptacle   MH-60K/L   


F-106 Receptacle  S-3   


KC-10 UARRSI  Tornado  


KC/EC-135 Receptacle  Other (specify)  


KE/E-3 Receptacle  Other (specify)  


SR-71 Receptacle  Other (specify)  
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IV. Boom Operator, Observers, Flight Engineer, Tanker Pilot Questionnaire (continued) 


 


  3. Of those aircraft aerial refueled, are night lighting and/or markings a problem? 


  _____ No  _____ Yes  If yes, specify: 


_______________________________________________________________ 


 _______________________________________________________________ 
 


  4. Rate the importance of the following lighting and markings in making aerial refueling 
hook-ups.  Indicate with an (X). 


    Boom/Receptacle                  Mandatory    Highly Beneficial    Beneficial    Unnecessary 


Boom nozzle light    ____         ____           ____        ____ 


Tanker tail mounted flood light  ____         ____           ____        ____ 


Receiver tail mounted flood light  ____         ____           ____        ____ 


Receiver AR area lighting   ____         ____           ____        ____ 


Receiver receptacle markings  ____         ____           ____        ____ 


Receptacle/Slipway Lighting  ____         ____           ____        ____ 


UARRSI Lighting    ____         ____           ____        ____ 


Boom shadow    ____         ____           ____        ____ 


Other      ____         ____           ____        ____ 


 


  4.a. Please turn to Attachment 1 and complete it now. 


  4.b.   Do you use the tail mounted flood light for refueling probe equipped aircraft? 


a.  KC-135 equipped with boom-to-drogue adapter kit: Yes  _____  No  _____ 


If no, why not? ____________________________________________ 


  b.  KC-10 equipped with centerline hose reel:  Yes  _____  No  _____ 


If no, why not? ____________________________________________ 


  4.c. With the current tanker nozzle light, how do you determine the nozzle light has failed? 


 Ground _________________ In flight, prior to hook-up ________________________ 


 


  4.d. Should the boom nozzle light/bulbs have redundancy? Yes ____    No ____ 


 


  4.e. If redundancy is provided, should the operator station panel provide bulb failure 
indicators?        Yes ____    No ____ 


 


  5. Is all information during aerial refueling readily available i.e. telescope, boom position 
azimuth, elevation and status lights in your line-of-sight/peripheral vision? 


 _____ Yes   _____ No If no, circle and explain below: 







 


  Item    Problem  /  Solution  /  Improvement  


_______    _________________________________________________________ 


_______    _________________________________________________________ 


_______    _________________________________________________________ 


_______    _________________________________________________________ 


 


  6a. Are there any features on receiver aircraft that you reference during aerial refueling 
operations that are not specific to aerial refueling? (e.g. control surfaces) 


 __________________________________________________________________ 


 __________________________________________________________________ 


 __________________________________________________________________ 


  6b. Are there reference features (including additions and changes) that you would suggest 
for receiver aircraft that are not aerial refueling features but would help you in aerial 
refueling operations? (e.g. lighting symmetry on top of receiver aircraft wings, etc.). 


 __________________________________________________________________ 


 __________________________________________________________________ 


 __________________________________________________________________ 


 


  7. In your operations and/or training do you use night vision goggles (NVG, PNVG)? 


  _____ Yes  _____ No 


What problems / advantages, if any, do you experience using NVG in night aerial 
refueling? 


________________________________________________________________ 


________________________________________________________________ 


________________________________________________________________ 


________________________________________________________________ 


 


  8. In your experience, how do low sun angles, light reflections from aircraft paint and/or 
other light/weather conditions affect your ability to perform the aerial refueling task? 
Please explain. 


________________________________________________________________ 


________________________________________________________________ 


________________________________________________________________ 


________________________________________________________________ 


________________________________________________________________ 
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  9. For which lights on the receiver 
aircraft would you suggest that 
individual dimming controls and on/off 
switches could be helpful?  


 


_____ all receiver lights  


_____ receptacle/slipway lights  


_____ area lighting 


_____ over wing/fuselage  


_____ probe light  


_____ tail mounted (receiver aircraft) 


_____ receiver aircraft fuselage mounted hose/drogue light  


 


10. On which interior lights on the tanker aircraft would you suggest that dimming controls 
should be mandatory?  


_____ panel lights   _____ critical instrumentation, i.e.: telescoping tube, azimuth position, elevation 


_____ status light   _____ all of the above   ________________________ other 


 


 11. Should each exterior aerial refueling light (for both tanker and receiver aircraft) be on a 
separate circuit for individual on/off and dimming? 


Yes  _____ No  ____  If yes, explain why:  ______________, ______________ 


__________________, __________________, _______________, _____________ 


 


  12. Are there any features, markings, single lamps, strip lights, or lighting redundancy, that 
may be added to either tanker or receiver aircraft to optimize aerial refueling? (Please 
describe feature, and specify aircraft type and placement on aircraft.) 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 


  13. Are there any procedures or sequences that could be changed / deleted to optimize 
the aerial refueling task and / or reduce risk? 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 ___________________________________________________________________ 


 


The following questions are related primarily to the tanker when equipped with a drogue 
system. 
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  14. How would you rate the current viewing and lighting provisions on the KC-135 when 
equipped with a boom-to-drogue adapter (BDA) kit? 


Satisfactory   ________ 


 Unsatisfactory (state why) _______________________________________________ 


__________________________________________________________________________ 


__________________________________________________________________________ 


 


  15. Would improved viewing and lighting of the BDA kit boom/hose/drogue allow you to 
better assist the probe-equipped receiver aircraft pilot in maintaining proper hose 
envelope? 


         Yes  ________ 


         No  ________ 


 Comments: ___________________________________________________ 


   ___________________________________________________ 


   ___________________________________________________ 


 


  16. Would improved viewing and lighting of the receiver aircraft allow you to better assist 
the probe-equipped receiver aircraft pilot in maintaining proper hose envelope? 


         Yes  ________ 


         No  ________ 


 Comments: ___________________________________________________ 


   ___________________________________________________ 


   ___________________________________________________ 


 


  17. With fuselage mounted hose reels and/or wing mounted hose reels, are hose distance 
and hose position markings important to you? (Please mark “yes” or “no”.) 


       Day  Night  Twilight 


       ____  ____    ____ 


 


 If you answered yes to any option, please explain how they assist you: 


 ___________________________________________________ 


   ___________________________________________________ 


   ___________________________________________________ 


 


 Are hose(s) and markings visible to you? (Please mark “yes” or “no”.) 


     Day  Night  Twilight   NVG 


     ____  ____    ____    ____ 
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IV. Boom Operator, Observers, Flight Engineer, Tanker Pilot Questionnaire (continued) 


 


  18. Would standardized hose markings be of benefit to you? 


         Yes  ________ 


         No  ________ 


 Comments: ___________________________________________________ 


   ___________________________________________________ 


   ___________________________________________________ 


 


  19. Do you play a role in receiver aircraft traffic control during the aerial refueling 
operation? 


        Yes      No 


  Boom Operator    _____    _____ 


  Tanker Pilot     _____    _____ 


  Tanker 2nd Pilot    _____    _____ 


  Observer/Flight Engineer   _____    _____ 


 


  20. If you answered yes to the previous question, how important are lighting and markings 
of tanker and/or receiver aircraft? 


       Your role          Very Important Somewhat Important Not Important 


  Boom Operator   _____        _____     _____ 


  Tanker Pilot    _____        _____     _____ 


  Tanker 2nd Pilot   _____        _____     _____ 


  Observer/Flight Engineer  _____        _____     _____ 


 


  21. Please specify which lighting and markings on the tanker aircraft and/or on the 
receiver aircraft assist you in this traffic control task? 


       Your role         Tanker aircraft lighting/markings 


  Boom Operator    ______________________________ 


  Tanker Pilot     ______________________________ 


  Tanker 2nd Pilot    ______________________________ 


  Observer/Flight Engineer   ______________________________ 


            Receiver aircraft lighting/markings 


  Boom Operator    ______________________________ 


  Tanker Pilot     ______________________________ 


  Tanker 2nd Pilot    ______________________________ 


  Observer/Flight Engineer   ______________________________ 
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IV. Boom Operator, Observers, Flight Engineer, Tanker Pilot Questionnaire (continued) 


 


  22. If you have additional comments, not addressed in this questionnaire, please write 
them in below. (Additional pages may be added in responding to any questions 
herein.) Suggestions regarding the content of this questionnaire are welcomed. 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 


_________________________________________________________________________ 
 


UARRSI = Universal Aerial Refueling Receptacle Slipway Installation 







ATTACHMENT 1 


How important are the following lights and markings in making refueling hook-ups for each receiver aircraft? 


1=mandatory 2=highly beneficial 3=beneficial 4=unnecessary 


Receiver Aircraft Type 


  


Boom 
nozzle 
light 


Tanker 
tail-
mounted 
flood 
light 


Receiver 
tail-
mounted 
flood 
light 


Receiver 
AR area 
lighting 


Receiver 
receptacle 
markings 


Receptacle/
Slipway 
lighting 


UARRSI 
Lighting 


Boom 
shadow 


Other 


A-7D Receptacle          


A-7K UARRSI          


A-10 UARRSI          


B-1 UARRSI          


B-2 Receptacle          


B-52 Receptacle          


B-58 Receptacle          


C-5 Receptacle          


C-17 UARRSI          


C-130 UARRSI          


C-141 UARRSI          


E-4 UARRSI          


E-6 UARRSI          


F-4 Receptacle          


F-15 Receptacle          


F-16 Receptacle          


F-22 Receptacle          


F-111 Receptacle          


F-117 Receptacle          


F-105 Receptacle          


F-106 Receptacle          


KC-10 UARRSI          


KC/EC-135 Receptacle          


KE/E-3 Receptacle          


SR-71 Receptacle          
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Boom Operator Summary 


 (Common) 


 


1.1 Question 3  


Question: Of those aircraft aerial refueled, are night lighting and/or markings a problem? 


Yes: 13 


No: 1 


Total Responded: 14 


Comments: B-1, A-10, E-4. Little or no lighting on A/C nose (other than receptacle 


lights) (Participant 1) 


F-18 probe light too bright. (Participant 3) 


Receivers probe light is very intense, which blinds the boomer. (Participant 4) 


F-14, F-18 drogue spotlight is not adjustable blinding boom. (Participant 5) 


Refueling F-117 at night is challenging on overcast/moonless nights due to limited 


lighting around receptacle and black paint on receiver.  Navy aircraft difficult to monitor 


during air refueling due to receivers air refueling lamps non-adjustable, full bright setting. 


(Participant 6) 


F-18 Lighting (Participant 10) 


F-18 probe lights shine right in the Boom's eyes: F-117's apex light is ineffective at best.  


E-3 and C-135 variants have unreliable lighting. (Participant 11) 


US Navy F-18 receivers probe light during night A/R makes it next to impossible to see 


the drogue basket during the refueling. (Participant 14) 


KC-135 tail flood light and nozzle light are important for boom operator to find rcvr and 


the receptacle.  Too little light creates depth perception problems for boom refueling and 


too much light blinds receiver pilots.  Also, underbody & nacelle lights require constant 


adjustment to keep from blinding rcvr pilots at night (the one on the wing waiting for 


refueling), but they help the rcvr visually acquire the tanker for rendezvous.  Finally, 


Pilot Director Lights are not considered the most reliable direction, from my experience.  


There are too few lights for minor corrections, and they don't always work (burnt out 


bulbs, etc). (Participant 16) 


2.1 Question 6a. 


Question: Are there any features on receiver aircraft that you reference during aerial 


refueling operations that are not specific to aerial refueling? 


Top of the windshield (participant 2)  


Entire aircraft (participant 6) 


Anything protruding from the particular receiver, e.g., the random disc on the E-3, flight 


control surfaces on most aircraft, wind screen on the B-1, F-15 UARRSI door, etc.  


(Participant 7) 


Nose to receptacle to judge distance. (Participant 8) 


Yes, I often reference control surfaces and when able receiver pilot hand movements.  On 


some aircraft the position of certain antennas give indicators of receiver movements and 


position. (Participant 12) 
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3.1 Question 9 


Question: On which lights on the receiver aircraft would suggest that dimming controls 


could be helpful? 


All receiver lights: 9 


Receptacle/slipway lights: 9 


Area lighting: 8 


Tail mounted (receiver aircraft): 5 


Over wing/fuselage: 4  


Probe light: 8 


Receiver a/c fuselage mounted hose/drogue light: 5 


 


4.1 Question 11 


Question: Should each exterior aerial refueling light (for both tanker and receiver 


aircraft) be on a separate circuit for individual on/off and dimming?  


Yes: 5 


No: 8 


Total Responded: 13  


Comments: Trim setting on ruddervator control stick. (Participant 3) 


Provides the capability to control adjustment independently.  Not sure separate circuit is 


necessary, just separate controls. (Participant 7) 


So you can control them. (Participant 10) 


 


5.1 Question 12 


Question: Are there any features, markings, single lamps, strip lights, NV sensitive, 


variable control, lighting redundancy, that may be added to optimize aerial refueling? 


Lead lights (participant 3) 


Tanker:  Center fuselage electro-luminescent light (EL) with a “T” to assist receiver 


pilots would be very beneficial.  Receiver pilots currently use the yellow painted line on 


the center fuselage and, on the -135, a row of rivets and the TACAN antenna to form a 


“gun-sight” picture to estimate and maintain a 30 degree line from the pre-contact to 


contact position.  This is very effective during day AR operations however; it is pretty 


much useless for night AR.  Even some type of lighting that would illuminate the “T” 


area would be beneficial.  The KC-10 does not have the lower TACAN antenna or the 


row of rivets, so any new marking designed to provide this type of reference would 


improve the receivers AR approach to contact visual aids. (Participant 7) 


The C-17 receptacle area lighting is the best one so far.  All receivers should have this 


lighting system on them. (Participant 8) 


Reference the C-17's lighting it is by far the best in the fleet.  Between the lead-in lines 


and tail mounted flood and all associated lighting and the ability to fine-tune it, it makes 


night A/R a snap. (Participant 12) 


More PDI lights would allow receivers to use these as a "more primary" reference at 


night. (Participant 16) 
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6.1 Question 13 


 Question: Are there any procedures or sequences that could be changed / deleted to 


optimize aerial refueling task and / or reduce risk? 


Unknown. (Subject 6) 


Adjustable limits for specific receivers and PDI's that would adjust with them would be 


great. (Subject 7) 


Something similar to a HUD would greatly increase reaction time while a receiver is 


contact. (Subject 8) 


No. (Subject 12) 


No. (Subject 13) 


None. (Subject 15) 


Maybe a step in the checklist to dim underbody & wing lights after rcvr is within 1/2 


mile. (Subject 16) 


 


7.1 Question 19  


Question: Do you play a role in receiver aircraft traffic control during the aerial refueling 


operation? 


Boom Operator: 13 (yes), 1 (no) 


Tanker Pilot: 1 (yes), 0 (yes) 


Tanker 2nd Pilot: 0 (yes), 0 (yes) 


Observer/Flight Engineer: 0 (yes), 0 (yes) 


Total Responded: 15 


 


8.1 Question 20 


Question: If you answered yes to the previous question, how important are lighting and 


markings of the tanker and receiver aircraft? 


Boom Operator: 12 very important, 2 somewhat important 


Tanker Pilot: 1 not important 


Tanker 2nd Pilot: 0 


Observer/Flight Engineer: 0  


Total Responded: 15 


 


9.1 Question 21 (Tanker aircraft lighting/markings)  


Question: Please specify which lighting and markings on the tanker aircraft assist you in 


this traffic control task? 


Boom Operator: Receiver wing /nacelle lights (participant 2)  


All markings and lights (participants 5 and 6)  


Tail lights/wingtips (participant 3)  


All lighting and markings (participant 7)  


Nacelle PDI lights (participant 10)  


Nozzle and flood light (participant 11),  


Dimming of nacelle lights (Participant 14)  


Flood light (Participant 15).  
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9.1.1 Question 21 (Receiver aircraft lighting/markings)  


Question: Please specify which lighting and markings on the receiver aircraft assist you 


in this traffic control task? 


Boom Operator: Strip lighting (formation) (participant 1),  


Tail lights/wing tip lights (participant 3)  


Position lights (participant 4)  


All markings and lights (participants 5 and 6)  


All lighting and markings (participant 7)  


Wing tip and beacons (participant 8)  


Red/green position lights (participant 9)  


Receptacle light (participant 11)  


Navigation lights, tail # near receptacle (participant 12)  


Anti-collision/rotating beacon (participant 15). 


 


10.1 Question 22 


Question: Additional comments not addressed in this questionnaire. 


Give the boom operator control of the light intensity of the flood and boom nozzle lights 


(participant 1).  


Track the experience of the aircrew (participant 6). 


Many of the aircraft in the survey, e.g., F-4, SR-71, A-7, etc., are out of the inventory and 


should be removed. (Participant 7) 


Adjustable limits that will adjust the pilot director lights to correspond to their new 


envelope would help. (Participant 8) 


All KC-135 aircraft instrument light should be on a rheostat most jets have when you turn 


them on they are on full bright.  Also I wish we could make the back glass like up front 


and so we could set the upper limits. They do everything for the pilots it would be nice if 


they could do something for us.  Besides it is a TANKER let us do our job better and 


more safely. (Participant 10) 
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Boom Operator Summary 


 (Boom) 


 


1. Question 4 (Version 7.0) 


Question: Rate the importance of the following lighting and markings in making aerial 


refueling hook-ups.  Indicate with an (X). 


 


Boom Nozzle Light 


Mandatory: 6 


Highly Beneficial: 1 


Beneficial: 3 


Unnecessary:  0 


 


Tanker Tail Mounted Flood Light 


Mandatory: 4 


Highly Beneficial: 3 


Beneficial: 3 


Unnecessary:  0 


 


Receiver Tail Mounted Flood Light 


Mandatory: 1 


Highly Beneficial: 0 


Beneficial: 7 


Unnecessary:  2 


 


Receiver AR Area Lighting 


Mandatory: 2 


Highly Beneficial: 4 


Beneficial: 3 


Unnecessary:  1 


 


Receiver Receptacle Markings 


Mandatory: 1 


Highly Beneficial: 7 


Beneficial: 1 


Unnecessary:  1 


 


Receptacle/Slipway Lighting 


Mandatory: 6 


Highly Beneficial: 3 


Beneficial: 1 


Unnecessary:  0 
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UARRSI Lighting 


Mandatory: 4 


Highly Beneficial: 4 


Beneficial: 2 


Unnecessary:  0 


 


Boom Shadow 


Mandatory: 3 


Highly Beneficial: 4 


Beneficial: 1 


Unnecessary:  2 


 


Other 


Mandatory: 0 


Highly Beneficial: 0 


Beneficial: 0 


Unnecessary:  1 


 


1.1 Question 4a. (Version 6.0) 


Question: With the current tanker nozzle light, how do you determine the nozzle light 


has failed?   


Ground: 1 


In Flight, prior to hook up: 1 


Total Respond: 1 


 


1.1.1 Question 4a. (Version 7.0) 


Question: How important are the following lights and markings in making refueling 


hook-ups for each receiver aircraft?  


(See Excel Spreadsheet) 


 


1.2 Question 4c. (Version 6.0) 


Question: If redundancy is provided, should the operator station panel provide bulb 


failure? 


Yes: 0 


No: 1 


Total Respond: 1 


 


1.2.1 Question 4c. (Version 7.0) 


Question: With the current tanker nozzle light, how do you determine the nozzle light 


has failed? 


Ground: 8 


In Flight, prior to hook up: 2 


Total Respond: 9 


Comments: In flight, prior to hook-up upon initial extension of the boom.  (Participant 


12)  
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1.3 Question 4d. (Version 7.0) 


Question: Should the boom nozzle light/bulbs have redundancy?  


Yes: 9 


No: 1 


Total Respond: 10 


 


1.4 Question 4e. (Version 7.0) 


Question: If redundancy is provided, should the operator station panel provide bulb 


failure indicators? 


Yes: 9 


No: 1  


Total Respond: 10 


2.1 Question 5 


Question: Is all information during aerial refueling readily available, i.e., telescope, 


boom position, azimuth, elevation, and status lights in your line-of-sight/peripheral 


vision?  


Yes: 11 


No: 3 


Total Responded: 14  


Comment: Tilt the position gauges at an angle vs. leaving them flat on the panel. 


(Participant 1) 


However, current instrument, interior & exterior lighting is not conducive to night vision 


compatibility. (Participant 6) 


All position indicators. Have to constantly look down at gauges in contact. A HUD would 


do wonders to safety during A/R (Participant 9).   


Everything. Nothing is truly in line of sight or peripheral.  In fact time has to be spent 


teaching students how to scan the instruments for info without fixating on them.  


Especially at night, the interior lighting is old and most of the time unable to be adjusted 


so that they can be seen without interfering with night vision.  To see anything you have 


to either move your eyes or head.  The best solution would a HUD of sorts.  But a 


backlight display with a combination of digital and analog readouts would be highly 


beneficial (Participant 12). 


3.1 Question 6b 


Question: Are there reference features (including additions and changes) that you would 


suggest for receiver aircraft that are not aerial refueling features but would help you in 


aerial refueling operations?  


Recommendations: The lighting on top of the receiver aircraft (participant 1),  


Receptacle markings (Participant 4),  


Adjustable receiver lighting (Participant 6). 


Almost any receiver lighting would improve night air refueling operations.  Lighting 


symmetry on top of receiver aircraft wings would greatly improve Boom Operator depth 


perception cues and increase the margin of safety for night operations. (Participant 7) 


Distance markings on the receiver, from nose to receptacle, in ten-foot increments. 


(Participant 8) 
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Start briefing heavy receiver pilots that on the Block 40 modification they will have to 


adjust to the TACAN antenna on the belly of the tanker due to Block 40 making this 


antenna almost 24 inches long now which throws of their visual cue for the 30 degree 


line. (Participant 14) 


Being able to dim the lights of the receiver to eliminate glare. (Participant 15) 


 


4.1 Question 8 


Question: In your experience, how do low sun angles, light reflections from aircraft paint 


and/or other light/weather conditions affect your ability to perform? 


In general, these conditions can cause a problem when operator is not wearing polarized 


lenses (participants 3,4, and 6).   


Refueling is more difficult when conducted above a cloud base (because of glare during 


day) (participant 2). 


Low sun angles can wreak havoc on the boom operator’s capability to maintain visual 


contact with the receiver aircraft both in contact and when the receiver is approaching or 


departing the contact position. Having the Forward Scanners (pilots) make a heading 


correction can usually make the situation tolerable.  However, I have been in situations 


where a turn was not possible and had to advise the receiver to hold position until the sun 


angle was not a problem.  Was not a long period of time, but in certain situations it 


compressed the remaining refueling time and either training was lost or the track had to 


be extended to complete AR. The new low observable paint causes a problem because it 


soaks up much of the light from the Tail Mounted Flood light.  Most visual cues are not 


available when refueling aircraft with this new paint.  Testers need to emphasize this 


issue, as was done by AFFTC during night AR qualification for the F-22, to insure the 


proper visual cues are incorporated in the design. (Participant 7) 


Only a minor problem due to glare for windscreen or sun angles. (Participant 8) 


Very minor and easily overcome. (Participant 9) 


The sunlight reflects off the window and can blind you. (Participant 10) 


Just at dusk and dawn. (Participant 11) 


Low sun angles greatly degrade your vision.  As so light reflections from anything.  The 


time it takes to adjust your eyes from outside to inside slows down your ability to 


reference any gauges.  Even if you are wearing any type of sunglasses. (Participant 12)  


At my experience level (22 years of service) its not a problem. (Participant 13) 


Sun glare off the receiver windshield has a huge impact, often prompting a disconnect. 


(Participant 15) 


Not much of a factor for tanker pilot. (Participant 16) 


 


5.1 Question 10 


Question: On which interior lights on the tanker aircraft would you suggest that dimming 


controls should be mandatory? 


Panel lights: 1 


Critical instrumentation: 1  


Status light: 1  


All of the above: 13  


Other: 0 


Total Responded: 12 
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Boom Operator Summary 


 (Drogue) 


 


1.1 Question 4b. (Version 6.0) 


Question: Should the boom nozzle light/bulbs have redundancy? 


Yes: 1 


No: 0 


Total Respond: 1 


 


1.2 Question 4b.a. (Version 7.0) 


Question: Do you use the tail-mounted flood light for refueling probe-equipped aircraft? 


(KC-135 equipped with boom-to-drogue adapter kit:) 


Yes: 7 


No: 2 


Total Respond: 9 


Comments: The receiver pilots would like it off. (Participant 10) 


Don't know. (Participant 16) 


 


1.3 Question 4b.b. (Version 7.0) 


Question: Do you use the tail-mounted flood light for refueling probe-equipped aircraft? 


(KC-10 equipped with centerline hose reel) 


Yes: 1 


No: 0 


Total Respond: 1 


 


2.1 Question 14 


Question: How would you rate the current viewing and lighting provisions on the KC-


135 when equipped with a boom-to-drogue adapter (BDA) kit? 


Satisfactory: 6 


Unsatisfactory: 6  


No Comment: 1  


Total Responded: 13 


Comments: Because of the angle and position of the BDA, it is hard to see the receivers 


approach to contact.  Once in contact, the view is satisfactory. (Participant 7) 


It is very hard to see the basket and jet at times. (Participant 10) 


The basket is not visible until the after contact and the receiver lighting is blinding after 


contact. (Participant 11) 


There is no positive view of contact or disconnect.  Operators have to rely on "feel" and 


calls from the receiver.  The lighting system does nothing to help with this situation. 


(Participant 12) 


For the most part the boom housing impairs the view of the drogue assembly when 


refueling. (Participant 13) 
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3.1 Question 15 


Question: Would improved viewing and lighting of the BDA kit boom/hose/drogue 


allow you to better assist the probe-equipped receiver aircraft pilot in maintaining proper 


hose envelope? 


Yes: 7 


No: 6 


Total Responded: 13 


Comments: These questions would be better for receiver pilots. (Participant 1) 


 I can't remember the last time, if ever, I drogued refueled at night. (Participant 2) 


 


4.1 Question 16 


Question: Would improved viewing and lighting of the receiver aircraft allow you to 


better assist the probe-equipped receiver aircraft pilot in maintaining proper hose 


envelope? 


Yes: 7 


No: 6 


Other: 1 


Total Responded: 14 


Comments: Light on F-18 too bright (Participant 3) 


 


5.1 Question 17a 


Question: With fuselage mounted hose reels and/or wing mounted hose reels, are hose 


distance and hose position markings important to you (Please mark yes or no)?  


Day: 0 (yes), 4 (no) 


Night: 0 (yes), 4 (no) 


Twilight: 0 (yes), 4 (no) 


Comments: The fuselage hose markings on the KC-10 are visible during day AR but 


very hard to see at night.  The hose markings are only visible by utilizing the periscopic 


mirror, which in itself renders viewing the Drogue AR process difficult.  In both the KC-


10 and the KC-135 wing mounted pods are extremely, if not impossible to see.  Improved 


viewing would be a step in the right direction on both aircraft.  Hose markings could then 


be commented on.  Current practice is to hope the receiver pilot utilizes the markings to 


ensure proper AR position is maintained. (Participant 7) 


 


5.2 Question 17b 


Question: Are hose(s) and markings visible to you (Please mark yes or no)? 


Day: 3 (yes), 2 (no) 


Night: 2 (yes), 2 (no)  


Twilight: 2 (yes), 2 (yes) 


NVG: 0 (yes), 2 (no) 
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6.1 Question 18 


Question: Would standardized hose markings be of benefit to you? 


Yes: 3 


No: 6 


Total Responded: 9 


Comments: Not to say standardized hose markings would not be beneficial.  Boom’s are 


trained to their assigned aircraft.  So if the KC-10 is different for the KC-135, the boom 


operator is trained to use the markings for the aircraft assigned.  It does, however make 


sense to standardize the markings for the receivers. (Participant 7) 


Standardization allows for ease of training students in different MWS. (Participant 15) 
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Boom Operator Summary 


Unassigned  


 


1.1 Question 7 


Question: In your operations and/or training do you use night vision goggles (NVG, 


PNVG)? 


Yes: 3 


No: 12  


Total Responded: 15 
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Boom Operator Summary 


Demographics 


1.1 Question 1 


Question: What is your tanker experience in regard to aerial refueling? 


Subject Type of Tanker Type of System Total Hrs in A/C 
Estimated Hrs 
Refueling 


Estimated % Hrs 
in Night Refueling 


Indicate To Which 
Tanker Your 
Answers Apply 


1 KC-135 Boom 6800   20   


  KC-135 Drogue (BDA Kit) 100   40   


  KC-10 Boom 5   0   


2 KC-135 Boom >300       


3 KC-135 Boom 2000   25   


  KC-135 Drogue (BDA Kit) 30   5   


4 KC-135 Boom 3200       


5 KC-135 Boom >300   10   


  KC-135 Drogue (BDA Kit) <100   10   


6 KC-135 Boom 750       


  KC-135 Drogue (BDA Kit) 150       


  KC-135 Wing Drogue 2       


7 KC-135 Boom 3200 1500 500   


    Drogue (BDA Kit)   100 25   


    Wing Drogue         


  KC-10 Boom 2000 800 150   


    Fuselage Drogue   80 10   


    Wing Drogue   100 30   


8 KC-135 Boom 5011 3000 1500 A,Q,R,T, EC-135P 


    Drogue (BDA Kit) 1000 500 500 A,R,T 


9 KC-135 Drogue (BDA Kit) 3500 1200 40   


    Wing Drogue 3500 400 40   


  KC-10 Boom 3500 0 0   


10 KC-135 Boom 1500 700 350 R/T 


11 KC-135 Boom 2179 1500 500 135 


    Drogue (BDA Kit) 300 150 25 135 


    Wing Drogue 100 50 25 135 


12 KC-135 Boom 1200 500 25   


    Drogue (BDA Kit) 200 100 60   


    Wing Drogue 100 50 25   


13 KC-135 Boom 1797.5     KC-135A/R 


    Wing Drogue 0 0 0   


14 KC-135 Boom 1650.1 600 25   


    Drogue (BDA Kit) 250 50 25   


    Wing Drogue 20 12 0   


15 KC-135 Drogue (BDA Kit) 4000 1000 500 KC-135R/T/Q/A 


    Wing Drogue 500       


16 KC-135 Boom 800 260 40 KC-135 


    Drogue (BDA Kit) 400 130 40 KC-135 


    Wing Drogue 100 30 40 KC-135 
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2.1 Question 2 


Question: What receiver aircraft have you aerial refueled? (Receptacle/UARRSI & 


Probe) 


                                      Receptacle                 Probe 


Aircraft Total Aircraft Total 


A-7D 5 A-3/B-66 2 


A-7K 5 A-4 4 


A-10 15 A-6 11 


B-1 16 A-7 4 


B-2 15 A-37 2 


B-52 16 AV-8/B 6 


B-58 0 F-2 2 


C-5 16 F-5 1 


C-17 16 F-14 16 


C130 15 F-18 16 


C-141 15 F-100 0 


E-4 14 F-101 0 


E-6 13 F102 0 


F-4 11 F-104 0 


F-15 16 F-105 3 


F-16 16 HH-3 0 


F-22 7 HH-53 0 


F-111 6 KE-3 1 


F-117 15 MH-47D/E 0 


F-105 2 MH-60 K/L 0 


F-106 2 S-3 10 


KC-10 16 Tornado 12 


KC/EC-135 14 Mirage 2 


KE/E-3 9 Mirage F-1 3 


SR-71 4 EA-6B 1 


    Harrier 1 


    Mirage 1 


    Jaguar 2 
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Receiver Pilot 


 (Common) 


 


1.1 Question 3 


Question: How do you located and identify the tanker (electronically and/or visually; e.g. 


GPS, tail markings, etc.)?  


Method Day Night Weather Total 


Radar 9 12 13 34 


Visual 15 14 3 32 


Voice Comm 1 1 1 3 


Link-6 0 0 0 0 


NVG/NVD 1 3 1 5 


Air to Air Tacan 11 12 14 37 


TCAS 2 2 2 6 


Tail # 1 0 0 1 


Beacon 0 0 0 0 


Radio 1 2 2 5 


Pre-Brief 1 1 1 3 


Vector from Control 2 2 2 6 


NAVAID 1 1 1 3 


Electronically 2 2 2 6 


IFF 1 1 1 3 


FLIR 1 1 0 2 


ARCP 1 0 0 1 


GCI 1 1 1 3 


ATC 1 1 1 3 


Timing at Waypoint 1 1 1 3 


Ground or Air Control Turn On 1 1 1 3 


ADF 1 1 1 3 


Markings 1 0 0 1 


Lighting 0 1 1 2 


Composite 1 1 1 3 
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1.2 Question 3 Comments 


A. Locate tanker electronically in day, night & all weather conditions.  Final closure 


from 1 mile is completed visually.   First preference is Enhanced TCAS.  Gives 


location, altitude and can identify IFF mode 3.  (Air-to-Air Tacan & radar)   


(Participant 21) 


B. Next preference is Air to Air Tacan with timing to a set geographic point. 


(Participant 21) 


C. Also use radar beacon followed by radar skin paint.   Normally use to back up the 


techniques listed above. (Participant 21) 


 


2.1 Question 4 (see Excel Spreadsheet) 


 


3.1 Question 5 (see Excel Spreadsheet) 


 


4.1 Question 7 


Question: Are tanker markings, lighting, status lights, etc. satisfactory for aerial 


refueling? 


Tanker Adequate Could Use Improvement 


KC-135 3  10  


KC-10 6  4  


KC-130 1  1  


C-130 1  0 


P/D-130 0 1  


13S 0 1  


AU 1  0 


All 0 1  


KC-135 Underbody 


Lighting 


0 1  


 


Improvements Suggested: Lighting should be NVG compatible (participants 1, 3, 5, 8) 


Place lights on the wings of the boom (rddavator/control surface) (participant 1)  


Brighten the hose markings (participant 12)  


Adjustable lighting levels (participant 6) 


Light on the boom/basket (participant 2)  


Light the hose via the pod (participant 2)  


Increase intensity of amber and green lights for daytime operation (participant 7)  


PDI lights need to be brighter for very bright days (participant 14)  


Hose has tendency to kick and pop basket off probe-especially when fuel press is sent at 


start up. BD has to monitor pump press slowly increase adapt hose to retract and take up 


slack (participant 19)  


T made by yellow strip and antenna: yellow stripe usually dirty or faded. OK during day 


since other references readily available.  But in weather or at night difficult to see 


(participant 20)  


Greater boom envelope & independent disconnect system would increase safety 


(Participant 21)  
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Illuminating forward UHG antennae would improve ease of night a/r on KC-135s 


(Participant 21),  


Center line stripe is not cleaned/maintained well and becomes very hard to see. I know 


from being a tanker pilot, that most crews don't know of the stripes importance 


(Participant 22)  


While the flood light makes the KC-10 very easy to find, it is too bright and can be very 


distracting while in/around contact position (Participant 22). 


 


5.1 Question 8 


What problems have you experienced with a given tanker, formation references, 


I.e.L lighting/day markings? Please specify problems, whether they were 


experienced during day, night, or weather conditions and potential solution. 
 


6.1 Question 8B3 (Underbody Stripe) 


 


Tanker Type: 135/10, KC-135 (Participant 20), KC-135 (Participant 22) 


Problem: Hardly ever saw (participant 17), Often dirty or faded due to age (night) 


(Participant 20)  


Center line stripe is not cleaned/maintained well and becomes very hard to see. I know 


from being a tanker pilot, that most crews don't know of the stripes importance 


(Participant 22) 


Suggested Solution: Not needed (Participant 17), New stripes and better illumination 


from other source (Participant 20).  


 


 


6.2 Question 8B4 (Wing Root) 


 


Tanker Type:  


Problem:  


Suggested Solution:  


 


 


6.3 Question 8B7 (Fuselage/Wing/Engine Nacelle) 


 


Tanker Type: KC-10 (Participant 11), KC-135 (Participant 16), KC-135 (Participant 21) 


Problem: White light leak from aft fuselage door windows at night causes disorientation, 


vertigo and is distraction (Participant 11)  


No formation lights on front of fuselage/spot lights down wing line very blinding 


(Participant 16) 


On many occasions the underbody lighting is unbalanced between the left/right sides 


(Participant 21). 


 


Suggested Solution: Put a cover on those windows to prevent the light from getting out 


(participant 11) (experience with both KC-135 & KC-10 but more experience with KC-


135) New lighting or new aircraft (participant 21). 
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6.4 Question 8C (Combinations) 


 


Tanker Type:  


Problem:  


Suggested Solution:  
 


7.1 Question 9 


Question: Are there obstructions (windscreens, hardware, frames, mirrors, etc.) that 


obscure your view of formation references on the tanker? 


Yes: 7 


No: 15 


Total Responded: 22 


Comments: F-14 windscreen, canopy bars, HUD brackets. (Participant 1) 


F-14 windscreen structure. (Participant 2) 


F-18 canopy bow. Slight head movement is sufficient to overcome. (Participant 5) 


Multiple frames/mirrors in F-14 a/c dependent. Receivers need to develop specific 


compensation. (Participant 6) 


F/A-18 (Participant 7) 


The Tomcat windscreen is awful with respect to field of view. (Participant 8) 


The canopy bow on the FA-18 can obscure the pod. I usually lower my seat and have to 


crouch down a bit to maintain sight of the pod in when getting close to the inner refueling 


range limit on most pods. (Participant 11) 


A-10 Great (Participant 17) 


F-8 probe behind left side of head line up on tanker paramount much practice was 


required for proper reference learning. (Participant 19) 


Center post but windscreens large enough to see around. (Participant 20) 


Too many to list. (Participant 23) 


 


8.1 Question 10 


Question: Are there formation references on the tanker that you use during daylight 


operations that you cannot see at night because they are not illuminated? 


Yes: 14 


No: 7 


Total Responded: 21 


Comments: Tanker wings, detail of the aircraft. (Participant 1) 


Without NVDs it more difficult to see the aircraft shape and therefore more difficult to 


react to motion. With NVDs the same references are available. (Participant 3) 


The underbody TACAN antenna on the KC-135 is sometimes hard to see.  (Participant 4) 


Overcome shape is useful for bearing line maintenance and closure. NVGs can help. 


(Participant 5) 


Drogue/hose. (Participant 7) 


In general, the entire aircraft. Daytime, I use the entire aircraft as a reference. At night, 


you rely more on the lighting scheme of the aircraft. If using, NVGs, then I am able to 


again rely on the entire aircraft as a reference. (Participant 11) 


The tacan antenna is not lit up at night and the yellow underbelly stripe is not lit up on the 


KC-135. (Participant 14) 
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Fuselage position and direction of KC-135. (Participant 16) 


Periphery vision to wing tips. (Participant 19) 


KC-10 has antenna near nose that align tip with outline of fuselage. Handy but not 


necessary. (Participant 20) 


KC-135 underbody illumination is insufficient to use the UHF antenna at night. 


(Participant 21) 


Some underbody antennas and stripes. (Participant 22) 


Use boom (nozzle) on tank’s nose for visual rendz in day; nozzle light is in the ice shield 


so nozzle light on tanker’s nose puts you high.  Correcting is no problem. (Participant 23) 


Lighting up the black antenna, white line under the fuselage would be a huge bonus! 


(Participant 25) 


 


9.1 Question 12 


Question: What type of tanker light dimming controls are preferred for night/low 


light/weather aerial refueling conditions? 


Full dimming: 14 


Stepped (3 position, high/dim/off): 4 


Other: 3 


Total Responded: 20 


Comments: Stepped would be adequate. (Participant 2) 


NVDs, Non-NVDs switch. (Participant 3) 


It depends, not all dimming is the same on the various aircraft. (Participant 11) 


IR position, and IR strobe off. (Participant 12) 


Depends on conditions. Full to barely on best. (Participant 20) 


Rheostat type dimming for night weather, bugs, dirty windscreen, etc, etc. (Participant 


23) 


 


10.1 Question 13a 


Question: Have you experienced difficulty when rendezvousing with an aircraft in 


identifying whether that aircraft is a tanker?  


Yes: 9 


No: 14 


Total Responded: 23 


Comments: I've joined on Air Force tankers with no lights on. (Participant 1) 


I have rendezvoused on several aircraft to visually discover it wasn't what I thought it 


was. (Participant 3) 


Particularly when can't acquire with onboard sensors. (Participant 5) 


Aggravated with multiple tankers/receivers in same location. (Participant 6) 


Lighting/marking that is unique to a tanker would help. (Participant 7) 


A NVG compatible IR strobe light with a specific pattern would be nice--the F/A-18E/F 


super Hornet has that and it works well. (Participant 8) 


Covert ops, when some of the tanker's external lights are inop or they have light leaks 


from inside the aircraft. (Participant 11) 


Stacked flight levels in anchors. Different tankers at different flight levels. Radar beacon 


was helpful (used KC-10) and NVGs were extremely helpful in acquiring the tanker. 


(Participant 14) 
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Usually not an issue with helo and C-130. (Participant 15) 


Trouble identifying when multiple tankers are in same tanker track at different altitudes. 


(Participant 16) 


Especially buddy store vs. bomb load in bound to target. (Participant 19) 


 


11.1 Question 19 


Question: In your experience, how do low sun angles, light reflections from aircraft paint 


and/or other light/weather conditions affect your ability to perform the aerial refueling 


task? Please explain. 


When its hard to see the tanker its hard to tank. (Participant 1) 


Always difficult, no good solution. (Participant 2) 


Flying formation while staring into the sun can be challenging it can cause you to fall out 


of a KC-135 basket. (Participant 3) 


It is more difficult with the sun in your eyes, but that is true for most any task and would 


not be the fault of the tanker/lighting. (Participant 4) 


In-sun can be problematic. Simply asking tanker to change headings usually solves. 


(Participant 5) 


Low sun angles are a problem during contact/transfer, not much you can do about that. 


(Participant 6) 


Keep it dark! Its bad enough if the sun is low, we don't need any more light shinning. 


(Participant 7) 


Once a tanker has all its chicks aboard a figure eight pattern that avoids the sun might be 


prefer able to "standard" left hand turns. (Participant 8) 


It can make it much more difficult, especially if the tanker is flying into the sun. 


Obviously low visibility conditions make the rendezvous more difficult and dangerous. 


(Participant 11) 


Yes, sunset sunrise for day and moonset/rise for night and NVG. (Participant 12) 


Low sun in the face makes it very difficult to safely close in on that tanker. Unless the 


tanker pilot turns away from the sun, it is sometimes plain unsafe to effect any closure 


because of the lack of visibility due to the sun in the face. (Participant 14) 


Sunset/sunrise and low moon angles shut down nvgs. (Participant 15) 


Low angles and bad lighting like haze make it more difficult need to slow up the join. 


(Participant 17) 


Those conditions make it tougher to get established in position. (Participant 19) 


When flying into the sun when it is at a low enough angle to be below the fuselage of the 


tanker makes it difficult. (Participant 20) 


Obviously more difficult to see references clearly.  This is why I use several different 


references to ensure position and don’t rely on pilot director lights. (Participant 21) 


In my opinion, the worst case is on a bright sunny day when the tanker is between me and 


the sun, as the sun goes in and out of view, it takes time to adjust my eyes. (Participant 


22) 


Dark night, no lights makes the tanker disappear…trust me. (Participant 23) 


Refueling into the sun is difficult regardless. (Participant 24) 


Refueling into the sun can be particularly difficult. Tankers know this and tend to try to 


avoid this. (Participant 25) 
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Flying into the sun makes seeing references difficult.  Not much can be done. (Participant 


26) 


 


12.1 Question 20a 


Question: With fuselage mounted hose reels and/or wing mounted hose reels, are hose 


distance and hose position markings important to you? (Please mark yes or no). 


Day: 12 (yes), 0 (no) 


Night: 12 (yes), 0 (no) 


Twilight: 11 (yes), 0 (no)  


Total Responded: 12 


Comments: A reference to aircraft watching, the stripes move. (Participant 1) 


Rate of closure/back out, can be more precise with position keeping. (Participant 2) 


Keeping the hose retracted to the proper length is a primary task for probe/drogue 


refueling. (Participant 3) 


Main reference for maintaining nose/tail distance. (Participant 6) 


(drawing) (Participant 7) 


They provide important distance and closure and opening rate info. (Participant 8) 


Relative closeness to the tanker. Helps keep closure/opening under to control. Gives a 


target position to hold the hose. (Participant 11) 


Only reference forward and aft position. (Participant 12) 


Refueling ranges. (Participant 15) 


Hose distance markings are instrumental in determining correct distance from pod. 


(Participant 16) 


Maintain constant hose position in and out with fighter movements, no slack in hose. 


(Participant 19) 


 


13.1 Question 20b 


Question: Are hose(s) and markings visible to you? (Please mark yes or no)? 


Day: 8 (yes), 1 (no) 


Night: 6 (yes), 1 (no) 


Twilight: 7 (yes), 1 (no) 


NVG: 4 (yes), 1 (no) 


Total Responded: 9 


Comments: Depends on lighting. (Participant 1) 


 


14.1 Question 21 (Version 6.0) 


Question: In your operations and/or training do you use night vision goggles (NVG, 


PNVG)? 


Yes: 8 


No: 3 


Comments: Non-compatible lighting tanker. (Participant 1) 


Huge advantage. Much more comfortable! You can see the horizon and tanker aircraft. 


Disadvantage lose peripheral vision.(Participant 3) 


Rendezvous. (Participant 5) 


Parallax makes fine control during contact task difficult-we do not attempt while 


transferring fuel, use extensively for location/ID during rdv. (Participant 6) 
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I don't use them. They have poor depth perception and are fuzzy. (Participant 8) 


Better visibility of the tanker/pod/hose. Better SA around the tanker. Its hard to see the 


big picture though. (Participant 11) 


All visual are easier to see. (Participant 12) 


Tanker lights are not NVG compatible resulting in washing out goggles in close. 


(Participant 16) 


 


14.2 Question 21 Comment (Version 6.0) 


Non-compatible lighting tanker. (Participant 1) 


Huge advantage. Much more comfortable! You can see the horizon and tanker aircraft. 


Disadvantage lose peripheral vision. (Participant 3) 


Rendezvous. (Participant 5) 


Parallax makes fine control during contact task difficult-we do not attempt while 


transferring fuel, use extensively for location/ID during rdv. (Participant 6) 


I don't use them. They have poor depth perception and are fuzzy. (Participant 8) 


Better visibility of the tanker/pod/hose. Better SA around the tanker. It’s hard to see the 


big picture though. (Participant 11) 


 


14.3 Question 21 (Version 7.0) 


Question: If you have additional comments, not addressed in this questionnaire, please 


write them in below. (Additional pages may be added). Suggestions regarding the content 


of this questionnaire are welcomed. 


 I haven't done any air-to-air refueling in over 30 years. That might be evident from the 


listing of the KC-97. So my recollections are hazy and my responses may not be of value. 


(Participant 13) 


How many chicks should be on a tanker at a time? Who should affect the join? Tanker of 


Fighter? What is your opinion of fuel transfer rate on Mission? Very comprehensive and 


universal survey covered most all issues. As an Air Force pilot, I prefer the boom because 


it is a faster hookup and faster fuel transfer. I do see where the drogue would be 


necessary in some cases but it depends on refueling assets available. Fighters should be 


able to use higher transfer rates because time's a wasting. (Participant 17) 


I have not done air refueling for 13 years (1992). Things may have changed. The toughest 


aircraft to refuel behind was the KC-135 without the new engines. The newer re-


engineered KC-135s were a lot easier. I'm not too sure what other improvements they 


made to those aircraft when they had them in to re-engine, but I think some other work 


was done to get them to be a better platform. The KC-10 was always the easiest and most 


enjoyable to refuel from. Whatever it had made the job of refueling a lot easier. Most of 


my refueling was done in the F-16 in the Pacific theater. (Participant 18) 


Good to do this study.  I believe it’s long overdue.  Please get some HRL type and 


human-machine interface experts involved.  Pilots are but one source of information and 


often the least educated on what makes them most efficient, safe and effective. 


(Participant 23) 


The loss of the beacon on KC-135s makes rendezvous very difficult until end game.  


Some replacement for this system should be addressed.  Also, the KC-10 A/A tacan 


provides range and bearing to the tanker but the KC-135 provides range only.  The KC-
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135 should be upgraded to provide both range and bearing and that may solve the loss of 


the beacon. (Participant 26) 


 


15.1 Question 22 (Version 6.0) 


Question 22: If you have additional comments, not addressed in this questionnaire, 


please write them in below. (Additional pages may be added). Suggestions regarding the 


content of this questionnaire are welcomed. 


Probe/drogue tanking is very different from boom and it will be difficult to find a lighting 


system optimized for both. For probe/drogue tanking I recommend sufficient lights for 


rendezvous, and dim NVD lights for tanking. (Participant 3) 


Multi point critical to accommodate are receivers. Network ? Optimum solution to 


monitor/locate tanker (MIDS, Link16). (Participant 5) 


Lighting is not a critical problem for drogue equipped tankers in my view. A far more 


difficult problem is location/ID in comm out environment.  Another major issue is 


multiple hose systems a single hose, but enough to cover more than 6 a/c for cv 


operations.  Need multiple hoses to supply a/c for large strikes both front and backside. 


(Participant 6) 


Exterior lighting of tanker should be controlled by receiver aircraft pilot, when required. I 


have listened to and participated in several radio arguments over USAF Tanker lighting 


in Iraq, Afghanistan, Pakistan, and Kosovo. If a guy sitting in an ejection seat is worried 


about the safety midair potential of a tanking evolution, I would think that the guys 


without the ejection option would listen to his concerns...or change the procedural 


doctrine if its that issue. I have not seen nor heard of similar issues with Omega nor 


Allied Tankers. (Participant 8) 
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Receiver Pilot Summary 


(Receptacle) 


 


1.1 Question 6a. 


Question: Do you use the pilot director lights? 


Yes: 12 


No: 7 


Total Responded: 19 


Comments: After hook-up, I fly formation with the tanker aircraft itself, not the lights.  I 


crosscheck the hose and hose strips often. I also look at the status light (green getting gas) 


(Participant 3). 


 


1.2 Question 6b. 


Question: If the director lights are used, please rate their effectiveness for 


day/night/weather (Prior to hookup): 


Adequate: 7 


Could be improved: 7 


Total Responded: 12 


Problem: Make them brighter during in the sun AR (Participant 14)  


Sometimes Dim due to wear of lenses (Participant 17)  


Light illumination was never a constant. Sometimes they shone bright, other times very 


dim (Participant 18)  


Age has deteriorated (Participant 20)  


Can be very hard to see on bright days (Participant 22) 


Lighting too dim during certain daytime conditions (Cloud deck below, etc.) (Participant 


24) 


Lighting is too weak to be visible on about 30-40% of the tankers. (Participant 25) 


Hard to see during daylight operations at times. (Participant 26) 


Improvement suggested: Put lights on rheostat, or improve maintenance of lights 


(Participant 18)  


CLEAN inside (Participant 20)  


Increase intensity (Participant 22) 


Brighter lighting for daytime use. (Participant 24) 


Brighter lighting. (Participant 25) 


Find a way to increase the brightness.  Possible LED lights as opposed to what is 


currently being used. (Participant 26) 


 


 


1.3 Question 6c. 


Question: If the director lights are used, please rate their effectiveness 


(day/night/weather) (After hookup): 


Adequate: 5 


Could be improved: 8 


Total Responded: 12 


Problem: With a KC-135 vs. C-17, when you have the intermediate fly down light on 


you are at the top of the envelope (Participant 4)  
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Same as previous-inconsistent illumination (Participant 18)  


No rate sensor (Participant 20)  


KC-135 director lights are to dim in bright daylight/weather conditions (Participant 21) 


Can be very hard to see in bright daylight (Participant 22) 


Need to show more trend information. (Participant 23) 


Lighting too dim during certain daytime conditions (Cloud deck below, etc.) (Participant 


24) 


Lighting is too weak to be visible on about 30-40% of the tankers. (Participant 25) 


Hard to see during daylight operations at times. (Participant 26) 


Improvement suggested: Make the pilot director lights correspond to the actual approved 


refueling envelope of the receiver aircraft (Participant 4)  


Put lights on rheostat, or improve maintenance of lights (Participant 18)  


Add rate sensor (Participant 20)  


Modify lights to KC10 Standards (Participant 21)  


Increase intensity (Participant 22) 


Make lights predictive, using rate of movement information. (Participant 23) 


Brighter lighting for daytime use (Participant 24) 


Brighter lighting. (Participant 25) 


Find a way to increase the brightness.  Possible LED lights as opposed to what is 


currently being used. (Participant 26) 


 


1.4 Question 6d. (Version 7.0) 


Question: Would you prefer commands or position information from the Pilot Director 


Lights? 


Command: 2 


Position information: 4 


Problem:  


Total Responded: 6 


 


2. Question 8 


What problems have you experienced with a given tanker, formation references, 


I.e.L lighting/day markings? Please specify problems, whether they were 


experienced during day, night, or weather conditions and potential solution. 
 


 


2.1 Question 8B1 Boom (fluorescent markings, colors etc.) 


 


Tanker Type: 


Problem: 


Suggested Solution: 


 


 


 


2.2 Question 8B5 Director lights (Manual by Boom Operator) 


 


Tanker Type: 







 


Attachment 4 - 26 


Problem: 


Suggested Solution: 


 


2.3 Question 8B6 Director lights (Boom Position) 


 


Tanker Type: 


Problem: 


Suggested Solution: 
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Receiver Pilot Summary 


(Probe) 


 


1. Question 8 


What problems have you experienced with a given tanker, formation references, 


I.e.L lighting/day markings? Please specify problems, whether they were 


experienced during day, night, or weather conditions and potential solution. 


 


1.1 Question 8A Verbal (by boom operator) 


Tanker Type: ? (Participant 1); German KC-135 (Participant 5); KC-135 (Participant 


11); KC-135 (Participant 14); 135-Boom (Participant 17); KC-135 (Participant 18), KC-


135 (Participant 26) 


Problem: Not having it on in combat (Participant 1)  


Too much comm on non-standard comm. (Participant 5)  


Boom operator trying to fly the boom while I'm trying to get the in the drogue 


(Participant 11)  


Two people making corrections for the same deviation only results in greater magnitude 


of deviations; Boom operator trying to be too helpful. "Back 1 calls are not necessary"; 


Some not same as visual; Poor directions 


White line forward of the antenna on the underbody not there or dirty. (Participant 26) 


Suggested Solution: Have lights only visible from the air (Participant 1)  


I prefer no comm unless something wrong (Participant 5)  


Challenge is book keeping on tanker-ATO matching (Participant 11)  


Don't move the boom when tanking Navy aircraft (Participant 14)  


It’s a schoolhouse thing so it won't get changed (Participant 17)  


None keep man in loop;  


Better training and supervision (Participant 18). 


Ensure it is clean and visible. (Participant 26) 


 


1.2 Question 8B2 Store/POD 


Tanker Type: 


Problem: 


Suggested Solution: 


 


1.3 Question 8B8 Aerial Refueling Pod/Store 


Tanker Type: 


Problem: 


Suggested Solution: 


 


 


1.4 Question 8B9 Hose/Hose Stripes/Markings/Color 


Tanker Type: 135 (includes wing stores), 130 (rotary wing drogue, respondent is 


referring to KC/HC/MC-130) 


Problem: can't find basket, Dingy/dirty hose marking 


Suggested Solution: light on end of boom/basket, brighter longer lighting point 
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1.5 Question 8B10 Tail-mounted Floodlight (version 7.0) 


Tanker Type: 135/10 


Problem: Keep great for join up 


Suggested Solution:  


 


1.6 Question 8B10 Tail-mounted Floodlight (version 6.0) 


Question: Would you favor standardized hose markings for all the tanker aircraft? 


Yes: 8 


No: 0 


 


1.7 Question 8B11 Drogue (lighting, reflective tape, tritium buttons, external, within 


drogue cone) 


Tanker Type: KC-130 


Problem: night 


Suggested Solution: hard to see the hose & drogue when next to the tanker moving into 


"pre contact". 


 


1.8 Question 8B12 Hose/Drogue/Probe (receiver aircraft) 


Tanker Type: KC-130 (Participant 7) 


Problem: position (Participant 7) 


Suggested Solution: better tape/marking for hose & drogue to mark their position in 


relation to the tanker. (Participant 7) 


 


 


1.9 Question 8B13 Probe A. Nozzle  


Tanker Type: 


Problem: 


Suggested Solution: 


 


1.10 Question 8B13 Probe B. Drogue  


Tanker Type: 


Problem: 


Suggested Solution: 


 


1.11 Question 8B13 Probe C. Hose  


Tanker Type: 


Problem: 


Suggested Solution: 


 


1.12 Question 8B13 Probe D. Tanker AR Store  


Tanker Type: 


Problem: 


Suggested Solution: 
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1.13 Question 8B13 Probe E. Other Tanker References  


Tanker Type: 


Problem: 


Suggested Solution: 


 


1.14 Question 8B14 Have you experienced a probe light failure?  


Yes: 4 


No: 5 


 


  


1.15 Question 8B14 A. If yes, how did it affect your ability to make the hook-up?   


Yes: 1 


No: 1  


Comments: It makes it harder. Much; Basket lighting was sufficient; It sucked and I 


couldn't see anything. I almost ran into the tanker and then ejected. 


 


1.16 Question 8B15 (version 7.0) 


Would you favor standardized hose markings for all the tanker aircraft?  


Yes: 6 


No: 0 


2.1 Question 14 


Question: When using the KC-135 boom-to-drogue adapter kit, does the tanker provide 


adequate formation references for day/night/twilight/weather aerial refueling? 


Yes: 5 


No: 3 


Total Responded: 8 


Comments: Not at night with no lighting on, very marginal looking into the sun/sunset. 


(Participant 1)  


During the day it is hard to keep hooked up since I am concentrating on the adapter kit 


not paying attention to the overall position in relation to the tanker. (Participant 7) 


See comments earlier. A lighted drogue would be nice along with better fuselage 


illumination. (Participant 8) 


Never refueled with a drogue (Participant 23) 


 


3.1 Question 15a 


Question: Should the drogue be illuminated at night/twilight/weather? 


Yes: 11 


No: 1 


Total Responded: 12 


Comments: NVD compatible (Participant 3) 


 


4.1 Question 15b 


Question: If yes: please specify: 


External: 4 


Within drogue cone: 5 


Both: 3 
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Total Responded: 12 


Comments: 


 


5.1 Question 16 


Question: Specify type of drogue marking/light preferred: 


Light reflective (tape/paint): 6 


Tridium buttons: 7 


Active (external and internal cone): 3 


Other: 0 


Total Responded: 12 


6.1 Question 17a 


Question: Are the tanker status lights for the hose/drogue system visible under 


day/night/twilight/weather conditions? 


Yes: 8 


No: 2 


Total Responded: 9 


 


7.1 Question 17b 


Question: Please rate their effectiveness. 


Satisfactory: 5 


Poor:  1 


Need Improvement: 0 


Total Responded: 6 


Comments: Distinguish when hose too far in us to far out. (Participant 1) 


Sometimes difficult to see in the day. (Participant 8) 


Some are too bright, some are too dim, depends on the position you are in relative to the 


tanker. (Participant 11)  


8.1 Question 18 


Question: Is redundancy in tanker placement of status lights needed due to visual 


restrictions under different viewing angles, natural light variations, windscreen 


obstructions, etc? 


Yes: 3 


No: 9 


Total Responded: 12 
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Receiver Pilot Summary 


Unassigned  


 


1.1 Question 11a 


Question: In your operations and/or training, do you use night vision goggles (NVG)? 


Yes: 14 


No: 7 


Total Responded: 21 


 


1.2 Question 11b 


Question: If yes, what problems do you experience in using NVG in night aerial 


refueling?  


(Prior to Hook up) no allowed to do NVG AR in the C-17 (Participant 14);  


locating tanker during visual rejoin if totally blacked out and no IR position lights 


(Participant 15) 


Not used during A/R (Participant 24) 


(After Hook up) seeing bands on hose during low illum night (Participant 15) 


 


1.3 Question 11c 


Question: Currently, different symbology is being employed on different tanker aircraft 


to provide NVG compatibility for the drogue status lights. What is the impact of this 


absence of tanker-to-tanker standardization on your ability to perform the aerial refueling 


task? Please state the impact: 


all AFSOC aircraft are standard (Participant 15) 


 


1.4 Question 11d 


Question: What is the impact of not standardizing NVG-compatible symbology for pilot 


director lights and boom telescoping markings? 


Confusion (Participant 17) 


 


2.1 Question 21 (Version 6.0) 


Question: In your operations and/or training do you use night vision goggles (NVG, 


PNVG)? 


Yes: 8 


No: 3 
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Receiver Pilot Summary 


Demographics 


 


1.1 Question1 


Question: What is your receiver aircraft aerial refueling experience?  


F-14A/B/D/E/F, F-16B, C-17, MH47-D, KC-135, FA-18 A-D, F-18 A-D, F-18 E/F, F-4, 


F-104, B-66, MH/HH-60, A-10, F-8, F-4, A-4, KC-10, EC-135 A/G/L, F-14B, C-135C, 


B-52 D/G/H  


 


2.1 Question2 


Question: Indicate the experience in aerial refueling from specific tanker aircraft and 


number of hook-ups from that aircraft (estimate is sufficient). 


 


Drogue 


Subject 
A/C 


Estimated # 
of Hook-ups % Night 


1 KC-135 Wing Store 50 50 


  KC-135 Boom-to-Drogue (BDA) Adapter Kit 300 50 


  KC-10 Fuselage Drogue 150 50 


  KC-130 Wing Fighter Drogue 20 0 


  KC-707 Fuselage Drogue (Omega) 50 80 


2 KC-135 Wing Store 10 10 


  KC-135 Boom-to-Drogue (BDA) Adapter Kit 200 60 


  KC-10 Fuselage Drogue 150 60 


  KC-10 Wing Store 50 50 


3 KC-135 Wing Store 10 40 


  KC-135 Boom-to-Drogue (BDA) Adapter Kit 100+ 40 


  KC-10 Fuselage Drogue 100+ 40 


  KC-10 Wing Store 20 40 


  KC-130 Wing Fighter Drogue 50-100 5 


6 KC-135 Boom-to-Drogue (BDA) Adapter Kit 100 20 


  KC-10 Fuselage Drogue     


  KC-10 Wing Store 70-80 10 


  KC-130 Wing Fighter Drogue 20-30 15-20 


  KC-707 Fuselage Drogue (Omega) 15-25 10 to 20 


  KC-10 (UK) 10 to 20 20 


7 KC-135 Boom-to-Drogue (BDA) Adapter Kit 50   


  KC-10 Fuselage Drogue 50   


  KC-10 Wing Store     


  KC-130 Wing Fighter Drogue 100 10 


8 KC-135 Boom-to-Drogue (BDA) Adapter Kit 100 50 


  KC-10 Fuselage Drogue 40 50 


  KC-10 Wing Store 20 50 


  KC-707 Fuselage Drogue (Omega) 30 40 


  KC-130 F/J 100 10 


11 KC-135 Wing Store ~10 ~25 


  KC-135 Boom-to-Drogue (BDA) Adapter Kit >50 ~30 


  KC-10 Fuselage Drogue >25 ~31 
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  KC-10 Wing Store     


  KC-130 Wing Fighter Drogue >50 ~25 


  KC-130 F/J >50 ~40 


12 KC-130 (rotary wing drogue) <200 50 


  HC-130 P/N (rotary wing drogue) <350 50 


  MC-130 P/N (rotary wing drogue) <351 70 


16 KC-135 Wing Store 20 85 


  KC-10 Fuselage Drogue 20 85 


13 KC-135 Boom-to-Drogue (BDA) Adapter Kit 50 10 


  Other (KC-97) 10 20 


15 HC-130 P/N (rotary wing drogue) 50 90 


  MC-130 P/N (rotary wing drogue) 40 90 


19 KC-135 Boom-to-Drogue (BDA) Adapter Kit 10   


  KC-130 Wing Fighter Drogue 3   


  A-4 Buddy Store 50+ 30 


  KA-3 Store 20+ 10 


  KC-97 4   


    


    


 


 


Boom 


Subject 
A/C 


Estimated # 
of Hook-ups % Night 


4 KC-135 Boom 300 5 to 8 


  KC-10 Boom 100 5 


7 KC-135 Boom 3 0 


11 KC-135 Boom 2 0 


16 KC-135 Boom 60 85 


13 KC-135 Boom 200 33 


14 KC-135 Boom 300 25 


  KC-10 Boom 50 50 


17 KC-135 Boom 80 10 


  KC-10 Boom 10 5 


18 KC-135 Boom 150 20 


  KC-10 Boom 50 5 


20 KC-135 Boom  400 40 


  KC-10 Boom 500 40 


21 KC-135 Boom  200 10 


  KC-10 Boom 400 20 


  KDC-10 Boom (Dutch) 1 100 


22 KC-135 Boom 800 40 


  KC-10 Boom 200 50 


23 KC-135 Boom 3000 30 


  KC-10 Boom 750 30 


24 KC-135 Boom 500 25 


  KC-10 Boom 100 10 


25 KC-135 Boom 400 5 
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  KC-10 Boom 10 80 


26 KC-135 Boom 150 5 


  KC-10 Boom 2 0 
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General Interview Approach for Modified Cognitive Task 
Analysis for the Aerial Refueling Lighting Study (ARLS) 


Mark S. Crabtree 
(Original draft: 01-15-05 


Updated version: 04-11-05) 


 
1. Introduction 


a. Introduce self and any team members 


 
2. State name of study and sponsor (customer) 


a. Aerial Refueling Lighting Study 


b. Air Force – ASC/GRR and ASC/EN 


 
3. State objectives of study 


a. Identify aircraft external lighting problems for both receiver aircraft and tankers 


during aerial refueling missions at night and in low visibility conditions 


b. Recommend solutions for the lighting problems identified 


c. Army, Navy, and Air Force receiver pilots and tanker personnel are to be included in 


the study 


 
4. Our approach  


a. Collect data using detailed questionnaires for both receiver pilots and boom operators 


(These are the two questionnaires constructed by Dex.) 


b. Extensive use of structured interviews with both receiver pilots and boom operators at 


various Army, Navy, and Air Force facilities 


 
5. Interview process 


a. Structured interview – specific information sought 


b. Supplements the questionnaires 


c. Uses Modified Cognitive Task Analysis approach – emphasizes information needed 


to perform the aerial refueling task 


d. Interested in understanding your (receiver pilot, boom operator, or loadmaster) 


informational requirements at each stage of refueling—information that you must 


have to perform the refueling task 


e. We want to concentrate on the visual information that you require to perform the 


refueling task. 


f. We may want to ask you questions about specific subtasks. 


 
6. Study Briefing 


a. For this project to be successful, it is critical that we have participation from 


operational subject matter experts, such as yourself (or yourselves). This will ensure 


that the results of this study are useful and beneficial to the Government, in the design 


of new tanker aircraft, and for modifications to existing tanker and receiver aircraft. 
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b. During this structured interview, please keep in mind there are no right or wrong 


answers.  Information you provide to us will be treated anonymously and will not be 


attributed to you in any report produced under this project, nor will any information 


that can be used to identify you be provided to the Government customer. 


c. To get started, we would like for you to think about your last nighttime aerial 


refueling mission. 


1. When did it take place? 


2. What time? 


3. Where? 


4. What were you flying (if receiver pilot)? 


5. Which tanker (if boom operator)? 


6. Which tanker were you refueling from (if receiver pilot)? 


7. Which receiver were you refueling (if boom operator)? 


 


Note to Interviewer: Below are two sets of questions-one set is for the receiver pilot and the 


other is for the boom operator. These questions may have to be asked for daytime operations, 


again for nighttime operations, and again for covert operations with NVGs or other NVISs. 


   


7. Receiver Pilots’ Interview 


 
a. Tanker detection, recognition, identification 


1. Is the aircraft identified a tanker? 


2. Are the equipment compatible with the receiver aircraft?  


3. What is the first step in the refueling process? 


4. How do you know there is a tanker in the vicinity? 


5. What information do you have about the tanker at this point? 


6. What information would you like to have about the tanker? 


7. How far away from the tanker are you likely to be at the very beginning of 


the refueling process? 


8. Do you have any sort of communication with the tanker before you see it? 


9. How do you locate it? 


10. What information do you need in order to navigate to the tanker? 


11. What are your goals at this point in the refueling task? 


12. Do you “scan the sky” looking for the tanker, or how do you go about 


finding it? 


13. At what distance from the tanker does the refueling task become a mainly 


visual task? 


14. Once the task becomes a visual task, what do you look for? 


15. What is the first thing you see when you are looking for a tanker? 


16. At what range would see this? 


17. What do you call this stage of refueling? 


18. What tasks are you performing at this time? 


19. What visual information do you need at this point? 


20. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


Commented [q1]: LQ added these. 
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21. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


22. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 
b. For the following questions, assume that the receiver pilot’s next goal is to assume a 


formation position. If this is incorrect, the questions will need to be modified 


accordingly. 


1. What information do you need in order to take your position in the 


formation? 


2. What are your goals/objectives while in formation position? 


3. How far from other aircraft are you while in formation position? 


4. How do you maintain formation position?   


5. What visual cues do you need in this position? 


6. How to you maintain aircraft attitude? 


7. What cues do you use to maintain attitude? 


8. How long are you likely to stay in formation position? 


9. What information do you need regarding other aircraft location and 


maneuvering? 


10. Do your informational requirements change any while you are in formation 


position?  If so, how? 


11. What tells you to move from formation position to pre-contact position?  


Are visual cues involved?  What are they? 


12. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


13. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


14. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 


c. Pre-contact 


1. What are your goals/objectives while in pre-contact position? 


2. What visual cues do you need while in pre-contact position? 


3. What visual cues do you need to maintain attitude during pre-contact? 


4. What information do you need about tanker location and movement? 


5. What provides the above information? 


6. How far are you from other aircraft? 


7. What information do you need about other aircraft positions or 


maneuvering? 


8. What provides this information? 


9. Do you need to know the location of the drogue or boom? 


10. What provides this information? 


11. How long are you in pre-contact position? 
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12. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


13. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


14. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 


d. Contact Position 


1. What are your goals/objectives in contact position? 


2. What visual cues do you need while in contact position? 


3. What visual cues do you need to maintain attitude during contact? 


4. What information do you need about tanker location and movement? 


5. What provides the above information? 


6. What information do you need concerning drogue or boom location? 


7. How is this information provided? 


8. How long are you in contact position? 


9. What is your distance from other aircraft? 


10. What information do you need concerning other aircraft positions? 


11. What information do you need concerning tanker movement, location, and 


maneuvering? 


12. How is the above information provided? 


13. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


14. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


15. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 


e. Disconnect, separation, break-away 


1. What are your goals/objectives in a disconnect? 


2. Are “disconnect” and “separation” used interchangeably? 


3. What are your goals/objectives during breakaway? 


4. What visual cues do you need during a disconnect? 


5. What visual cues do you need during a break-away? 


6. What information do you need about location and movement of other 


aircraft? 


7. What provides the above information? 


8. What information do you need concerning drogue or boom location? 


9. How is this information provided? 


10. Following a break-away, do you resume a normal pre-contact position? 


11. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 
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12. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


13. What specific lighting changes would your recommend to better provide 


you with the visual information you need at this point in the refueling task? 


 


 


 
8. Boom Operators’ Interview 


 
a. Receiver approaching tanker (probably pre-contact position) 


1. What is the first step you take in the refueling process when you know that a 


receiver is approaching? 


2. How do you know there is a receiver in the vicinity? 


3. Can you see the receiver maneuver from formation position to pre-contact 


position? 


4. If so, what helps you to see this? 


5. What visual information would be useful to you at this point? 


6. What information do you have about the receiver at this point? 


7. How far away from the receiver are you likely to be when you first see it? 


8. Do you have any sort of communication with the receiver before you see it? 


9. How do you locate the receiver at night?  What helps you to locate and 


identify the receiver? 


10. What are your goals/objectives at this point in the refueling task? 


11. Is the refueling task always a visual task for you?  In other words, are you 


always getting receiver position information visually? 


12. Do you need to see the boom? 


13. What helps you to see the boom? 


14. Do you normally get boom position information from looking at the boom 


itself or the boom shadow? 


15. Is there a boom shadow at night? 


16. What is the first thing you see when you are looking for the receiver? 


17. What tasks are you performing at this time that are specific to aerial 


refueling? 


18. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


19. What specific problems associated with tanker/receiver lighting have you 


experienced in this portion of the refueling task? 


20. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 


b. Contact Position 


1. What are your goals/objectives when the receiver is in the contact position? 


2. What visual cues do you need while the receiver is in the contact position? 


3. What information do you need about receiver location and movement? 


4. What provides the above information? 
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5. What information do you need regarding boom location? 


6. How is this information provided? 


7. How long are you in contact position? 


8. What is your distance from other aircraft? 


9. What information do you need concerning other aircraft positions? 


10. What information do you need concerning tanker movement, location, and 


maneuvering? 


11. How is the above information provided? 


12. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


13. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


14. What specific lighting changes would you recommend to better provide you 


with the visual information you need at this point in the refueling task? 


 


c. Disconnect, separation, break-away 


1. What are your goals/objectives in a disconnect? 


2. Are “disconnect” and “separation” used interchangeably? 


3. What are your goals/objectives during breakaway? 


4. What visual cues do you need during a disconnect? 


5. What visual cues do you need during a break-away? 


6. What information do you need about location and movement of other 


aircraft? 


7. What provides the above information? 


8. What information do you need concerning drogue or boom location? 


9. How is this information provided? 


10. Following a break-away, do you resume a normal pre-contact position? 


11. Have you ever experienced any emergency or safety-related issues at this 


point in the refueling task?  Were these issues related to informational 


requirements?  Please explain. 


12. What specific problems associated with tanker lighting have you 


experienced in this portion of the refueling task? 


13. What specific lighting changes would your recommend to better provide 


you with the visual information you need at this point in the refueling task? 


 
9. Voluntary contact information 


If you like to provide contact information to allow us to follow-up with additional questions, we 


will treat the information as confidential and not distribute it outside the UDRI study team. 


 


Name: 


 


Duty Phone: 


 


E-Mail address: 
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The visibility of white refueling hose with red stripe to the human eye and to night-vision 


goggles 


 


Peter L. Marasco, PhD 


Sharon A. Dixon 


 


Air Force Research Laboratory 


Human Effectiveness Directorate 


AFRL/HECV 


 


30 August 2005 


 


 


At the request of the University of Dayton Research Institute, the Air Force Research 


Laboratory, Human Effectiveness Directorate, Warfighter Interface Division, Battlespace 


Visualization Branch (AFRL/HECV) examined a section of white refueling hose.  Spectral 


measurements of the hoses’ reflectivity were made and analyzed for visibility to the human eye 


and through night-vision goggles (NVGs).  This report documents AFRL/HECV’s findings. 


 


The spectral reflectivity of the white hose and the red stripe were measured using a spectral 


scanning radiometer.  These measurements were compared to a white, perfect diffuse reflector 


reference source (barium sulfate – BaSO4).  To make these measurements, the hose and stripe 


were first illuminated with a blackbody, incandescent light source.  The spectral distributions 


reflected from the hose and from the stripe were then measured.  The BaSO4 reference surface 


was then placed at the same location as the hose/stripe and its spectral distribution was measured 


as a uniform white reference.  The spectral reflectivity was then calculated by dividing the hose 


and stripe spectral distributions by the reference distribution (see figures below). 


 SPECTRAL REFLECTIVITY OF WHITE PORTION OF REFUELING HOSE
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Figure 1.  Spectral reflectivity of white refueling hose at wavelengths to which the human eye and night-vision 


goggles are sensitive. 
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SPECTRAL REFLECTIVITY OF RED STRIPE ON WHITE REFUELING HOSE
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Figure 2.  Spectral reflectivity of the red stripe found on white refueling hose at wavelenths to which the 


human eye and night-vision goggles are sensitive. 


 


Using the data in Figures 1 and 2, it is possible to calculate the integrated relative reflectance for 


both the hose and the red stripe weighted for the human visual response, the Class A, Class B, 


and Class C night-vision imaging system (NVIS) spectral response.  These data can then be used 


to calculate the contrast of the red stripe against the white hose as viewed by an observer with 


their unaided eye or through any of the NVGs noted above.  These calculated hose characteristics 


are listed in the table below. 


 


 Visible NVIS A NVIS B NVIS C 


Reflectance – 


Red 


31% 60% 62% 56% 


Reflectance – 


White 


56% 71% 73% 70% 


Red/White 


Contrast 


29% 8.4% 8.1% 11% 


Table 1.  Reflectance of the white and red parts of the refueling hose and the calculated contrasts 


of the red stripe against the white hose for four spectral bands  


 


One can see from Table 1 that for visible light, the red stripe has sufficient visible contrast to 


make it relatively easy to see under most illumination conditions (29%).  However, it would be 


difficult to see under low illumination conditions.  This is not the case in the infrared.  Both red 


and white parts of the hose reflect strongly in the infrared and should appear fairly “white” 


through an NVG.  Therefore, the stripe will be difficult to see when viewed through an NVG 


since its reflectivity in the various NVIS regions is very similar to the reflectivity of the white 


hose.   


 


One should also note that the hose reflects rather strongly in the infrared, and, if properly 


illuminated, will be very prominent during refueling operations.  If viewing the hose is important 


for these operations, than the white hose is a good choice.  However, if the visibility of the hose 
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is not operationally important, visibility of the white hose might not be necessary or desirable.  


One should consider another color for the hose to reduce its visibility. 
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Visibility of Refueling Hose Red Stripe for Both Visible and 


Night Vision Goggle Viewing Conditions: Summary Report 


 


H. L. Task 


Air Force Research Laboratory 


Human Effectiveness Directorate 


 


May 23, 2005 


 


A section of aircraft refueling hose with a red stripe applied to it was measured to determine the 


visibility of the red stripe against the black hose background for both direct vision and night 


vision goggle (NVG) viewing.  The spectral reflectivity of the black hose and the red stripe was 


measured using a spectral scanning radiometer (model IS320) and a white, perfect diffuse 


reflector reference source (barium sulfate – BaSO4).  The hose/stripe was illuminated with an 


incandescent light source and the spectral distribution reflected from the hose and from the stripe 


was measured.  The BaSO4 reference surface was then placed at the same location as the 


hose/stripe and the reference spectral distribution was measured.  By dividing the hose/stripe 


spectral distributions by the reference distribution one can obtain the spectral reflectivity of the 


two surfaces being tested (the hose and the red stripe – see figure below). 
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Figure 1.  Spectral reflectivity of black refueling hose and red stripe for a 45-degree illumination 


angle 


 


Using the data from Figure 1 it is possible to calculate the integrated relative reflectance for both 


the black hose and the red stripe weighted for the visual photopic curve, NVG Class A, NVG 


Class B, and NVG Class C curves.  Using these integrated relative reflectance values it is then 
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possible to calculate the modulation contrast of the red stripe against the black hose as viewed 


with direction vision or through any of the NVGs noted above.  The table below is a summary of 


the modulation contrast of the red stripe against the black hose for each of the viewing conditions 


noted. 


 


Table 1.  Summary of modulation contrast of the red stripe against the black hose for vision and 


through night vision goggles. 


 


 Visible NVIS A NVIS B Leaky Grn (C) 


Percent Contrast 36.3 30.3 29.5 29.4 


 


As can be seen from Table 1 the visible contrast is somewhat higher than the various NVG 


viewing contrasts (36 percent versus about 30 percent).  However, all values would be 


considered a medium level of contrast and should be readily visible to the viewer. 
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Existing Simulators and Areas for Potential Evaluation at  


Simulation Facilities 


The SIRE facility offers a virtual environment for developing and evaluating advanced, 


multi-sensory interfaces for aeronautical crewstations.  The facility has a 40-foot diameter 


dome with high-resolution, large field-of view (70 degrees vertical by 150 degrees 


horizontal) display.  The facility has the ability to run off-the-shelf models of various aircraft 


(e.g., KC-135 tanker aircraft) in various environmental lighting conditions.  The facility 


would provide an excellent platform for evaluation of lighting concepts such as employment 


scenarios using NVG or in covert operations.  The facility would simulate twilight and full-


night (cloud cover) conditions.  Tanker aircraft such as the KC-135, KC-10, and KC-130 


boom operator positions could be readily simulated for tanker rendezvous (tanker recognition 


and identification).  Aspects for the receiver aircraft could also be simulated in this facility 


for aircraft such as F-14, F-18, F-15, F-16, F-117, and Tornado.  Real-world motion of both 


receiver aircraft and tanker aircraft could be simulated and communication among simulation 


participants could include both tanker and receiver communications.  With additional 


enhancements to the facility, new lighting concepts could be readily added to the aircraft, 


additional tankers could be simulated for multiple tanker (up to six) and multiple receiver (up 


to eight) refueling maneuvers.  More information about this facility can be found on their 


website (http://www.hec.afrl.af.mil/HECP/sire.shtml). 


The AVTAS facility complements the capabilities offered in the SIRE laboratory.   The 


operator-in-the-loop AAR simulation environment offered in the AVTAS laboratory 


incorporates five main components to simulate refueling of four UAVs with a KC-135 


tanker. These five components consist of a: a simulation control console, a KC-135 boom 


operator station, a KC-135 pilot station, a UAV operator station, and a simulation observer-


referee station.  The simulation operator and test director control the simulation from the 


simulation control console.   In the Boom operator station the operator lies prone to control 


heads-down instruments, switches, and control inceptors from the KC-135 tanker.  The 


AVTAS Infinity CubeTM cockpit serves as the KC-135 pilot station.  The UAV operator 


station simulates a single operator position for remote control of four UAVs.  Finally, the 


observer-referee station provides a location for observation of simulation exercises.  Various 


phases of UAV refueling can be readily simulated in this facility (Burns, Clark, and Ewart, in 


press). 


These phases of refueling are common between inhabited receiver aircraft and 


uninhabited receiver aircraft and include:  


 Tanker rendezvous (tanker recognition and identification) 


 Receiver A/C join-up on tanker 


 Receiver formation off tanker wings 


 Departure from tanker wing formation position to receiver aircraft pre-contact 


position 


 Pre-contact to Contact position (actual hook-up) 


 Contact and refuel 



http://www.hec.afrl.af.mil/HECP/sire.shtml
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 Disconnect and separation 


The two simulation facilities identified above readily complement many aspects of the 


systems engineering process.  From requirements definition to implementation, simulations 


offer a robust means of inexpensive testing prior to implementation in the aircraft.  Some of 


the dimensions offered to aerial refueling lighting by way of simulation and modeling are 


illustrated in the tables below.
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Areas for Potential Evaluation at Simulation Facilities 
 


Receiver A/C Lights/Markings 


Probe-type 
  


 


Rotating Beacon – Upper and 
Lower 


Strip lighting – fuselage, tail 


Probe lights 


 


 


 


 


 


 


 


 


 


 


 


 


Receiver A/C Lights/Markings 


Receptacle-type 
(UARRSI) 


  


 


Rotating Beacon – Upper and 
Lower 


UARRSI Lights 


Tail-mounted Floodlight 


Over wing lights 


Receptacle lead-in lights 


Receptacle lead-in markings 


Strip lighting – fuselage, tail 


 


 


 


 


 
 


Tanker A/C 
Drogue-type/BDA kit  


Lights/Markings 


  


Rotating Beacon – Upper and  
Lower 


Engine nacelle lights 


Leading edge wing lights 


Underbody lighting 


Under wing lighting 


Vertical tail (mfg. logo) lighting 


Aft fuselage underbody lighting 


Under horizontal tail lighting 


Wing Store / Pod Status lights (wing drogue) 


KC-135/KC-10 Tail-mounted flood light 


 Boom nozzle light 


Boom telescoping marking black light 


Centerline stripe (1 ft width - yellow) 


KC/HC/MC-130 Altus lights/manual and automated 


 Over wing lighting 


Tanker A/C 


Boom-type 
Lights/Markings 


  


Rotating Beacon – Upper and  
Lower 


Engine nacelle lights 


Leading edge wing lights 


Underbody lighting 


Under wing lighting 


Vertical tail (mfg. logo) lighting 


Aft fuselage underbody lighting 


Under horizontal tail lighting 


Centerline stripe (1 ft width - yellow) 


KC-135/KC-10 Tail-mounted flood light 


 Boom nozzle light 


Boom telescoping marking black light 
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V=Variable Intensity (full bright to off) 


Receiver A/C Lights/Markings Controls 
Control 
Options 


Light Source 
Object 


Illuminated 


Probe-type 


     


Rotating Beacon – 
Upper and Lower 


Lower, or both V, upper, lower, 
and both 


As provided by A/C  


Strip lighting – 
fuselage, tail 


On/off V, individually 
controlled 


As provided by A/C  


Probe lights On/off V, individually 
controlled 


Probe  Realistic illumination 
by probe light 
(drogue, hose, pod, 
boom) 


Fuselage light 
(nose) 


  Top of forward 
fuselage 


Boom, hose 


     


Receiver A/C Lights/Markings Controls 
Control 
Options 


Light Source 
Object 


Illuminated 


Receptacle-type 
(UARRSI) 


     


Rotating Beacon – 
Upper and Lower 


Lower, or both V, upper, lower, 
and both 


As provided by A/C  


UARRSI Lights V V, individually 
controlled 


Each side of slipway 
(6 lights on each 
side) 


Slipway and 
receptacle 


Tail-mounted 
Floodlight 


V V Aft tip of vertical tail Top of receiver aircraft 


Over wing lights V V, individually 
controlled 


As provided by A/C Top of fuselage and 
wing 


Receptacle lead-in 
lights 


V V, individually 
controlled 


As provided by A/C Fuselage area 


Receptacle lead-in 
markings 


N/A N/A Tanker aircraft boom 
nozzle light 


Top of fuselage of 
receiver aircraft – 
distinct pattern 


Strip lighting – 
fuselage, tail 


V V As provided by A/C N/A 


     


 







Attachment 7 - 5 


 
Tanker Lights/Markings Controls Control Options Light Source Object Illuminated Information Provided To Whom 


 Receiver Pilot Boom Operator 


Drogue-type/BDA kit 
(General) 


Rotating Beacon – 
Upper and Lower 


Upper, lower, both V, individually controlled As provided on A/C N/A Identifies aircraft as 
tanker, A/R equipment, 
e.g. drogue, boom, or both 


N/A 


 Engine nacelle lights Unknown V, both sides 
individually controlled 


As provided on A/C Engine nacelles Formation and general 
reference 


N/A 


 Leading edge wing 
lights 


Unknown V, both sides 
individually controlled 


As provided on A/C Leading edge of wing Object identification, 
formation and general 
reference 


N/A 


 Underbody lighting Unknown V As provided on A/C Forward underbody Formation and general 
reference 


N/A 


 Under wing lighting Unknown V, both sides 
individually controlled 


As provided on A/C Under wing Formation and general 
reference 


N/A 


 Vertical tail (mfg. logo) 
lighting 


Proposed for all 
A/C (A/C specific) 


V, both sides 
individually controlled 


Horizontal stabilizer tip 
(TBD) 


Vertical tail Formation and general 
reference 


N/A 


 Aft fuselage underbody 
lighting 


Proposed V Horizontal stabilizer tip 
(TBD) 


Underbody aft 
fuselage 


Formation and general 
reference 


N/A 


 Under horizontal tail 
lighting 


Proposed V, both sides 
individually controlled 


Aft fuselage (TBD) Under horizontal tail Formation and general 
reference 


N/A 


 Centerline stripe (1 ft 
width - yellow) 


N/A V, Active strip As provided on A/C N/A Azimuth formation 
reference 


N/A 


 Drogue/coupling 
reflective tape 


Proposed active 
lighting 


Light activated panels Light panel Coupling/drogue Location of drogue N/A 


Wing Store/Pod Status lights (wing 
drogue) 


V, Proposed 
revision 


V, standardized NVG 
compatible symbology 


As provided on A/C 
wing store 


N/A AR system status N/A 


        


KC-135/KC-10 
(Specific) 


Tail-mounted flood light V V As provided on A/C Top of receiver A/C – 
limited coverage 


N/A Top of receiver A/C, 
provides boom 
shadow 


 Boom nozzle light V V As provided on A/C 
boom 


Receiver A/C area 
where boom is 
directed – spot 
coverage 


N/A Lead-in area of 
receptacle and 
associated markings 
and other receiver 
A/C features 


 Boom telescoping 
marking black light 


V, Proposed 
revision 


V, NVG compatible As provided on A/C Boom telescoping 
tube 


Telescoping tube position Boom position (?) 


        


KC/HC/MC-130 
(Specific) 


Altus lights/manual and 
automated 


TBD TBD TBD N/A Status signal N/A 


 Over wing lighting V (?) V As provided on A/C Top of wing area Formation and general 
reference 


N/A 







Attachment 7 - 6 


 
Tanker Lights/Markings Controls Control Options Light Source Object Illuminated Information Provided To Whom 


      Receiver Pilot Boom Operator 


Boom-type 
(General) 


Rotating Beacon – 
Upper and Lower 


Upper, lower, both V, individually controlled As provided on A/C N/A Identifies aircraft as 
tanker, A/R equipment, 
e.g. drogue, boom, or both 


N/A 


 Engine nacelle lights unknown V, both sides 
individually controlled 


As provided on A/C Engine nacelles Formation and general 
reference 


N/A 


 Leading edge wing 
lights 


unknown V, both sides 
individually controlled 


As provided on A/C Leading edge of wing Object identification, 
formation and general 
reference 


N/A 


 Underbody lighting unknown V As provided on A/C Forward underbody Formation and general 
reference 


N/A 


 Under wing lighting unknown V, both sides 
individually controlled 


As provided on A/C Under wing Formation and general 
reference 


N/A 


 Vertical tail (mfg. logo) 
lighting 


Aircraft specific V, both sides 
individually controlled 


Horizontal stabilizer tip 
(TBD) 


Vertical tail Formation and general 
reference 


N/A 


 Aft fuselage underbody 
lighting 


Proposed V Horizontal stabilizer tip 
(TBD) 


Underbody aft 
fuselage 


Formation and general 
reference 


N/A 


 Under horizontal tail 
lighting 


Proposed V, both sides 
individually controlled 


Aft fuselage (TBD) Under horizontal tail Formation and general 
reference 


N/A 


 Centerline stripe (1 ft 
width - yellow) 


N/A V- Active strip As provided on A/C N/A Azimuth formation 
reference 


N/A 


        


KC-135/KC-10 
(Specific) 


Tail-mounted flood light       


 Boom nozzle light       


 Boom telescoping 
marking black light 


V, Proposed 
revision 


V, NVG compatible As provided on A/C Boom telescoping 
tube 


Telescoping tube position Boom position (?) 


 








 
 
 
 
 
 


Aerial Refueling Lighting Study 
Guide 


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 


Taaro Mandre 


300 College Park 


Dayton, OH  45469-0110 


Taaro.Mandre@udri.udayton.edu 


 
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 


 
 


 


UNIVERSITY OF 
DAYTON 
RESEARCH 
INSTITUTE 
 
Human Factors Group 
300 College Park 
Dayton, OH 45469-
0110 
(937) 229-2287 
FAX (937) 229-4251 







1 


1. SCOPE 


1.1 This Aerial Refueling Lighting Study Guide (ARLS-G) is primarily designed to cover 


external lights on the tanker and receiver aircraft used to accomplish serial refueling.  


Lighting and ergonomics at the boom operators position is also included for completeness 


in the acquisition of visual inputs required to carry out the task of aerial refueling.  


1.2 This ARLS-G a result of a USAF Study describes lighting used by the 


Boom/Receptacle, and the Probe and Drogue method of aerial refueling.  


1.3 Advanced aerial refueling future concepts such as wing mounted booms with in-flight 


controllable capability are shown in Supplement 2. Technologies, Paragraph 6.2. 


2. PURPOSE 


2.1 The purpose of the ARLS-G is to define the basic criteria and considerations to 


observe when designing an Aerial Refueling Lighting System. This ARLS-G and existing 


military specifications are intended to be compatible; however, in the event of a 


discrepancy the military specification should take precedence. The guide is comprised of 


three parts. The first part is similar to a recommended practices document, the second 


(Supplement 1. Design Guidance) is a self-contained set of suggestions for more detailed 


design, and the third (Supplement 2. Technologies) is a supplement describing 


technologies applicable for incorporation into the suggested design guidelines. 


3. GENERAL GUIDELINES COMMON TO TANKER AND RECEIVER 


AIRCRAFT 


3.1 The specific lights required by the system of tanker and receiver aircraft are 


dependent on the method of aerial refueling, boom/receptacle versus probe and drogue. 


The common lights can be designed to perform the multiple functions such as perform 


under direct or reflected sunlight as well as Night Vision (NVIS) friendly situations.  One 


should evaluate the aerial refueling lighting system in such a manner so as to assure 


commonality, compatibility, reliability and performance under various scenarios. When 


possible, consideration should be given to mounting lights on the tanker to minimize 
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impacts to receiver aircraft. Additional design guidance may be found in the Supplement 


2. Technologies, Paragraph 1 for traditional lights, and Paragraph 4 NVG’s. 


3.2 The lighting sources should be designed and located in a position to perform their 


functions. The various tanker and receiver aircraft are of significant difference in terms of 


design to specify the precise location and design of each light source. The factors to be 


considered and methods of evaluation to determine adequacy of the location and design 


are given in Section 4.0 Detail Guidelines.  


3.2.1 Field of Vision: The field of vision of the receiver pilot and boom operator is 


limited. This is typically about 100 degrees horizontal and ~40 degrees vertical for direct 


assimilation of visual clues for aerial refueling.  The lights which signal information must 


be visible when pilots and/or associated crew are in the ‘design eye position’ and the 


aircraft are within the envelope of the appropriate position for the various stages of 


refueling such as distance (2 NM+), formatting on or off  the wing or in preparation for 


connect/disconnect. Drawings, scale model mockups, and computer or projected 


simulations showing the aircraft positions and attitudes as a function of the aerial 


refueling sequence of events, should be used. The evaluation of lighting should also 


include visual obstructions viewed from within the canopy, when viewing through head 


up displays (HUD’s), or any other obstructions such as canopy frames and antennae.   


3.2.2 Glare: Light sources should not cause hot spots or glare especially when Night 


Vision Goggles (NVG’s) are utilized. Light sources used to illuminate the aircraft (such 


as fuselage, engine nacelles, fueling receptacles) or other areas of it, should not be visible 


to the crew causing confusion as to position clues or inducing spatial disorientation. This 


may be accomplished by the use of controlled illumination using light shields or other 


controlled lighting.  


3.2.3 Reliability: When the lights are operational, an indication of operability should be 


provided to the relevant crew members. Critical light sources should be redundant when 


possible.  The use of LED’s is suggested over filament sources since their lifetime is over 


20,000 hours versus filaments which have an MTBF of 100’s of hours. 


3.2.4 Design Guidance: See Paragraph 3.1 of Supplement 2. Technologies. 
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3.2.5 Contrast: All lights should be designed to have sufficient intensity/color and 


contrast as required. All lights should be continuously dimmable from full brightness to 


off. Lights should provide for positive identification that the light is either "on" or "off".  


Consideration should be given to flying in full bright sunlight, over under-cast skies with 


high ambient light conditions as well as night time with no moon conditions. 


Consideration should also be given to conditions involving NVG’s and covert operations. 


3.2.5 Ambiguity: Signal lights (such as Pilot director, fuselage/pod/system status) should 


be designed to clearly inform the receiver pilot what to do. It should not be possible for 


these signals to direct the receiver pilot to perform in a contradictory manner. Floodlights 


should outline the both tanker and receiver aircraft clearly, uniformly and sufficiently for 


all operational conditions.  This is critical for receiver aircraft with low observable paints, 


receptacles in non-symmetric or visually ambiguous locations.  


3.3 Guidelines as stated herein are primarily intended for normal day and night 


operations. Certain operations involving combat tasked tankers and receivers may require 


the use of night vision goggles. In this case, signal lighting should be provided which is 


night vision goggle friendly. MIL-STD 3009 should be used as a reference for this aspect 


of lighting.  For covert operations the visible lights must all have the capability to be shut 


off while infrared only is employed. 


3.4 Color: The colors should be within the current boundaries found in the CIE 1931 


Chromaticity Diagram with appropriate updates from 1960 and 1976 unless NVG’s 


require otherwise. The advent of Light Emitting Diodes (LED’s) makes the reliance on 


this diagram less important since any ambiguity in spectral content of LED’s (visible and 


infrared) is much less than with similar broad spectrum devices utilizing filaments or 


gases. 


The modern day equivalents should specify the wavelengths in nanometers (nm) +/- nm 


or ± Megahertz (MHz). 


3.5 Design Guidance: Additional guidance to this guide Section 3 is provided in 


Supplement 1. Design Guidance, Paragraphs 1.0 through 1.4. 
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4. DETAILED GUIDELINES FOR TANKER 


 In order to facilitate detailed designs and implementation of optimum lighting for 


aerial refueling the following charts are provided as a representative overview of existing 


lights (tankers) and specific needs for both tankers and receivers.  Figure 1 shows the 


KC-135 lights.  It is a consensus that the KC-10 lighting (shown in Figure 2) is generally 


adequate for AR in day, night and NVG friendly operations and should be used as a 


starting point in lighting design.  


 


Figure 1     Figure 2 


4.1 Rendezvous Lighting (Rotating Beacon/Anti-Collision/Strobe) 


4.1.1 Function: These lights should aid the receiver aircraft in visually identifying a 


tanker at a distance of 3 NM and enabling a receiver to identify a specific tanker in a 


formation of tankers with the appropriate fuel transfer equipment. Fuel delivery systems 


may be boom, boom-to-drogue adapter (BDA), single fuselage or dual wing drogue. 


4.1.2: Controls: These rendezvous lights also have a dual use as anti-collision lights and 


as such should be controlled first from the boom operator's position or the tanker flight 


deck. These controls permit selection of desired code sequence and of lighting or 


dimming to NVIS friendly the upper or lower lights during the refueling operation. They 
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should be independently controllable to eliminate the blinding of receiver pilot(s) either 


in a connect position or flying formation, and boom operators from stray reflections.  


4.1.3 Color: The colors should be within the current boundaries found in the CIE charts 


or as specified if LED’s are in use. Red, white, alternating red and white, and the periodic 


three flash sequence of, white first, then red, and finally white provide positive aircraft 


identification. When NVIS friendly operation is required then it should be a symbol-


logical array of lights signifying the same information by use of position and adjacent 


darker or brighter light sources in a clearly discernable pattern at sufficient distance to 


meet operational needs.  


4.1.4 Intensity: These lights should have an equivalent intensity of an anti-collision light 


per Code of Federal Regulation (CFR) Aviation Section 14.  In some cases this light may 


also serve as an anti-collision light.   This function may be met by the use of LED’s at a 


much lower wattage than by incandescent or halogen light sources providing an 


improvement in mean time between failures (MTBF) of ~2000X. 


4.1.5 Suggested Design: The upper and lower lights should be synchronized, 


independently controllable from full bright to lowest NVIS friendly illuminance. The 


operational modes should be consistent with existing practices. 


4.1.6 Design Guidance See Paragraph 1.7 and 1.8 of Supplement 1. Design Guidance  


4.1.7 Standardization Considerations: The design of these lights’ capabilities and 


procedures should be standardized. 


4.2 Tanker Illumination 


4.2.1 Function: Enable receiver pilot to determine geometry/definition (stereopsis) of the 


tanker in all positions of the tanker relative to the receiver, in formation, before hookup, 


during refueling operations, disconnect and return to secondary formation position.  


4.2.2 Controls: These shall permit the intensity to be continuously and independently 


controllable in the case of redundancy from full bright to lowest NVIS friendly 


illuminance. 


4.2.3 Color: White, colored and infrared  
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4.2.4 Intensity: This should be of sufficient intensity for all ambient conditions and 


operations so that a receiver pilot can determine the position of the respective tanker 


relative the receiver aircraft to an accuracy required for efficient refueling.  


4.2.5 Suggested Design:  The illumination of the wings, body, and tail surface may 


employ area type lighting.  The use of ‘dual use LEDs’ with both visible and infrared 


output should reduce the power required as well as extend the MTBF to 20,000 hours 


versus 100+ and improve the usefulness to NVIS friendly and covert operations. 


Illumination of the underbody employs externally illuminated markings for centerline and 


lateral stripes to meet functional needs. It is suggested that these large area markings be 


actively illuminated. 


4.2.6 Design Guidance: See Paragraphs 1.0, 1.1, 1.2, 1.3, 1.4, 1.5 and 1.9 of Supplement 


1. Design Guidance and Supplement 2. Technologies Paragraphs 2 and 5.5. 


4.3 Tanker Mounted Receiver Illumination (Tail Mounted Floodlight) 


4.3.1 Function: This enables the boom operator to determine the geometry and define the 


location of the receiver aircraft canopy/windshields, pertinent projections such as 


antennae and pitot tubes, the rate and motion of the receiver aircraft, prior to hookup and 


during refueling and disconnect operations. The primary objective is enhancement of the 


boom operator’s depth perception thereby enhancing safety.  


4.3.2 Controls: This should permit intensity to be varied from off to full intensity in either 


visible or NVIS friendly operational modes.  This function should be selectable (for each 


receiver aircraft type) and under the control of the boom operator with inputs from the 


receiver aircraft pilot.  


4.3.3 Color: White or equivalent for NVG’s.   


4.3.4 Intensity: The intensity should be continuously variable from full on to full off with 


indication of settings. These settings should be entered in the appropriate tanker technical 


orders. 
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4.3.5 Suggested Design: The use of dual (redundant) lamps each providing uniform 


illumination of the aerial refueling envelope. This dimmable illumination should not 


blind or impair the crew of receiver aircraft in carrying out the refueling task.  


4.3.6 Design Guidance: See Paragraph 1.6 of Supplement 1. Design Guidance  


4.4 Boom Nozzle Lighting 


4.4.1 Function: This enables the boom operator in determining the relative position of the 


boom nozzle to the upper structure of the receiver aircraft and the receptacle/slipway 


area.  


4.4.2 Controls: This should permit intensity to be continuously variable from off to full 


intensity in either visible or NVIS friendly operational modes.  


4.4.3 Color: White or equivalent for NVG’s  


4.4.4 Intensity: The boom nozzle envelope and position should be visible to the boom 


operator under all ambient lighting conditions.  


4.4.5 Suggested Design: Use durable dual light sources to provide a controlled 


illumination area where only the boom nozzle, entry markings and receptacle/slipway 


area are viewable.  


4.4.6 Design Guidance: See Paragraph 2.1 of Supplement 1. Design Guidance. 


4.5 Boom Markings (Boom Telescoping Tube Extension) 


4.5.1 Function: Boom markings should clearly indicate to the boom operator and receiver 


pilot the length of the boom that is extended at any point in time during aerial refueling.  


The markings should clearly show the optimal extension zone as well as degree of 


deviation either retracted or extended from this zone. 


4.5.2 Controls: This should permit intensity to be varied from off to full intensity in either 


visible or NVIS friendly operational modes.   


4.5.3 Color: Color design illuminated with white light or ultraviolet light as appropriate 


for the paint used.  
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4.5.4 Intensity: The intensity at a minimum should be sufficient to meet functional 


requirements. 


4.5.5 Suggested Design: Suggest use of visible, ultraviolet or infrared lights to illuminate 


all boom markings.   


4.5.6 Design Guidance: See Paragraph 2.2 of Supplement 1. Design Guidance. 


4.5.7 Standardization Consideration: The boom markings symbology should be 


standardized for covert and overt operations. 


4.6 Pilot Director Light Signals (Signal Up or Down, Forward or Aft) 


4.6.1 Function: This lighting should signal the receiver pilot to proper positioning before 


hookup and enable the receiver pilot to maintain proper boom envelope position during 


the refueling. These lights also should serve to direct the receiver pilot to initiate 


emergency disconnect procedures.  Standardizing on existing flashing signals is 


recommended. Additional information may be found in Supplement 2. Technologies, 


Paragraph 3.2. 


4.6.2 Controls: Should be fully dimmable, to levels appropriate for NVIS use.  


4.6.3 Color: Color lights of a particular design, to indicate maximum or outside limit of 


envelope. LED arrays are recommended for both visible (high background sunlight) and 


NVIS friendly operations. 


4.6.4 Intensity: Should be adequate for bright daytime under cast condition as well as 


moonless night time operations. In finalizing any designs, a mockup should be evaluated 


under simulated conditions.  


4.6.5 Suggested Design: Use of LED arrays. More details of suggested design are 


included in the Guide Reference Section.  Typically red signals outside the limit, yellow 


signals caution and green signals the optimum position. These lights should be visible to 


the receiver pilot while in the contact position. They are typically located on the boom 


equipped tankers. 
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4.6.6 Alternative Design Consideration: Combined Formation/Position System Lights.  


Consideration should be given to the addition of a system which provides formation, 


tanker turning, receiver aircraft position, and boom position information in a 


simultaneous manner.  This system should also signal the receiver pilot of excessive 


differential speeds between tanker and receiver (for example 10 feet per second). This 


combination may be positioned further aft than the current PDL’s, be externally attached 


to underbody and possibly eliminate other required references for aerial refueling such as 


antennae and rows of rivets. Use of universal symbology such as a bulls-eye is suggested 


to standardize this information display system. See Supplement 2. Technologies, 


Paragraph 3.3.1 for concept illustration, Paragraph 5.3 for closure rate determination, and 


5.4 for automated aerial refueling information. 


4.6.7 Design Guidance: See Paragraph 2.3, 2.3.1, 3.1, 3.3, and 3.4 of Supplement 1. 


Design Guidance.  


4.7 Drogue Coupling Lighting 


4.7.1 Function: This lighting should enable the receiver pilot to accurately determine 


drogue coupling position prior to hookup, during refueling operations and at disconnect.  


4.7.2 Controls: This should permit intensity to be varied from off to full intensity in either 


visible or NVIS friendly operational modes.   


4.7.3 Color: White or equivalent for NVG’s.  


4.7.4 Intensity: The intensity at a minimum should be sufficient to meet functional 


requirements.  


4.7.5 Suggested Design: Use small lamps such as LED’s or self-luminous (radioactive) 


lamps to illuminate outside ring of drogue and at least two points 180 degrees apart at the 


coupling within the drogue.  The radioactive (tritium) lights do not impart distance 


information and as such are not as desirable as diodes which can also be used in 


conjunction with autonomous air refueling operations imparting distance and closure rate 


information. 


4.7.6 Design Guidance: See Paragraph 3.5 of Supplement 1. Design Guidance.  
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4.8 Hose Markings (Hose Extension and Envelope ) 


4.8.1 Function: This should clearly and unambiguously indicate to the receiver pilot the 


amount of hose that is extended, and closure rate, and hose position envelope (inner and 


outer fuel flow position) between tanker and receiver aircraft during aerial refueling.  


4.8.2 Controls: To permit intensity to be varied from off to full intensity in visible and 


infrared operation. 


4.8.3 Color: Light source should be compatible with all current hose colorations.  A white 


base hose color is suggested for maximum visual acuity.  It is suggested to standardize on 


black markings of sufficient width [one foot wide spaced every 10 foot is suggested] and 


spacing be placed on the hose to minimize time in acquiring, understanding and acting on 


the visual information.  


4.8.4 Intensity: The hose should be easily visible to the tanker and receiver pilot under all 


ambient lighting. 


4.8.5 Suggested Design: Use of floodlighting to illuminate markings with visible, 


ultraviolet and/or infrared light provided by LED’s or durable lamps.  


4.8.6 Design Guidance: See Paragraph 3.6 of Supplement 1. Design Guidance 


4.8.7 Standardization Consideration: The hose distance markings, size and envelope 


markings should be standardized. Experimental results from AFRL/HECV hose 


measurements indicate no blooming of white hose and a moderate contrast level when 


viewed by NVG’s. Hose color, white hose with black stripes is preferred. A black hose 


with white stripes will have lower contrast with NVG’s. 


4.9 External Status Lights (Drogue Hose Reel Equipment) 


4.9.1 Function: These status lights should redundantly signal the receiver pilot and the 


system operator that: 1) the tankers refueling equipment is properly positioned (hose fully 


extended) and operational with respect to the receiver and is ready for refueling; 2) that 


fuel is flowing; 3) one should not hook up due to an equipment malfunction; 4) indicates 


the receiver has exceeded the fore and aft hose refueling positions;  and/or 5) serves as a 


break away signal.  
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4.9.2 Controls: Should be fully dimmable, to levels appropriate for NVIS use. 


4.9.3 Color: This should be a constant and uniform yellow or symbol-logical display 


appropriate to NVIS friendly operations. 


4.9.4 Intensity: This should have sufficient intensity for full daylight operation as well as 


NVIS friendly operations.  In finalizing the design, a sub scale mockup simulation should 


be evaluated for all operational conditions.  


4.9.5 Suggested Design: Use LED’s to illuminate a viewable area to provide diffused 


light.  


4.9.6 Design Guidance: See Paragraph 3.2 of Supplement 1. Design Guidance. 


4.9.7 Standardization Consideration: These lights and signals should be standardized. 


4.10 Boom Operator Instrumentation Panel 


4.10.1 Function: Provide the boom operator critical boom position, structural load and 


function information without changing the primary receiver aircraft reference to an 


instrument panel reference (eye re-focus). This critical information should include: 1) 


boom position (elevation azimuth and telescoping boom extension); 2) boom telescoping 


tube nozzle load alleviation indicator (new concept, See Supplement 1. Design Guidance 


Paragraph 2.4 and 2.4.1 system status lights. 


4.10.2 Controls: Boom ruddevator and telescoping controls 


4.10.3 Color: Current technology for the applicable tanker control panel. 


4.10.4 Intensity: Full bright to full off dimming capability. 


4.10.5 Suggested Design: Provided head-up display of critical instrument information 


and/or a panel display that does not require changing head/eye reference from the 


receiver aircraft view. 


4.10.6 Design Guidance: See Paragraphs 1.13, 1.13.1 and 1.14. 


4.10.7 Standardization: The three position status lights function and color should be 


standardized as currently on KC-135/KC-10. 
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5. DETAILED GUIDELINES FOR RECEIVER 


5.1 Receiver Aircraft External Lighting and Traffic Identifier, includes receptacle, 


wing/tail, side stripe. 


5.1.1 Function: Enable boom operator to determine the geometry and define the location 


of the receiver aircraft relative to the tanker while formating, and as viewed from the 


viewing station before and after hookup.  


5.1.2 Controls: These should permit the intensity to be varied from off to full on in full 


bright visible or full dark NVIS friendly situations.  


5.1.3 Color: Visible or equivalent for NVG’s. 


5.1.4 Intensity: Should have sufficient intensity and contrast for all ambient conditions so 


that boom operator can determine the position, motion and of motion of the receiver 


aircraft without adversely affecting the receiver pilots ability to refuel.  


5.1.5 Suggested Design: Current lights may be replaced with equivalent LED’s to 


illuminate sufficient area of the wings to meet specific functional needs or by the use of 


area type lighting in the required areas.  


5.1.6 Design Guidance: See Paragraph 5.0 and 5.1 of Supplement 1. Design Guidance.  


5.2 Receiver Slipway/Receptacle and Universal Aerial Refueling Receptacle Slipway 


Installation (UARRSI). 


5.2.1 Function: This should permit the boom operator in seeing the slipway/receptacle 


and identify the precise location of the slipway/receptacle.  


5.2.2 Controls: This should permit intensity to be varied from off to full intensity in either 


visible or NVIS friendly operational modes. 


5.2.3 Color: White or equivalent for NVG’s.  


5.2.4 Suggested Design: Use small directed light sources such as LED’s to illuminate the 


receptacle and surrounding aircraft area.  


5.2.5 Design Guidance: See Paragraph 5.1A and H of Supplement 1.Design Guidance. 
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5.3 Receptacle/Slipway Approach and Entry Markings 


5.3.1 Function:  This should permit boom operators a clear view of adjacent skin contours 


and any protrusions such as antennae and receptacle/slipway mounting fairings in the 


area adjacent to the receptacle and a quantifiable measure of the nozzle approach to the 


receiver receptacle. Special lighting considerations should be give when the UARRSI or 


other types of receptacle/slipway installations are located (in valleys) on receiver aircraft 


so that the raised areas, e.g., engine nacelles, extend above the aerial refueling installation 


combined with low observable paint surrounding the aerial refueling installation. 


5.3.2 Controls: At present the ‘striping’ is non-powered if present and illuminated by 


external means, either receiver or tanker lights.  It may be made active by the use of thin 


electroluminescent strips (visible and infrared) in a suggested standardized pattern.  This 


would reduce the reliance on exact position and the interdependency of lighting between 


aircraft.   


5.3.3 Color: White or equivalent for NVG’s. 


5.3.4 Intensity: This should permit intensity to be varied from off to full intensity in 


either visible or NVIS-friendly operational modes. 


5.3.5 Suggested Design:  The use of a “Triple-T” is suggested for standardization of this 


refueling feature.  The use of a subset of the Triple-T may be required for aircraft having 


less than optimal surface area.   Figure 3 describes the suggested “Triple-T” bar standard.   


In the case of a receptacle located close to the windscreen, additional markings viewable 


by the boom operator should be placed on the exterior of the windscreen frame. 


5.3.6 Design Guidance: See Paragraph 5.1 B, C, D, E and H of Supplement 1. Design 


Guidance. 


5.3.7 Standardization Consideration: Provide standardized markings in accordance with 


Figure 3. 


5.4 Probe Nozzle Lighting 


5.4.1 Function: This permits the receiver pilot to determine his position relative to the 


tanker (such as AR store/pod, hose exit area, wing engine nacelle, boom telescoping tube 
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and attached BDA kit) and the position of the probe relative to the drogue before, during 


and after aerial refueling. 


5.4.2 Controls: This should permit intensity to be varied from off to full intensity in either 


visible or NVIS friendly operational modes. 


5.4.3 Color: White or a display appropriate to NVIS friendly operations is recommended. 


5.4.4 Intensity: This should be sufficient to satisfy all functional requirements. 


5.4.5 Suggested Design: It is suggested to use directed illumination mounted on the 


receiver aircraft to illuminate the probe nozzle, drogue and the appropriate tanker 


features. This light should be directed so as to avoid “blinding” the boom operator when 


BDA kit is involved (only when normal operation is not impeded). 


5.4.6 Design Guidance: See Paragraphs 5.2 and 5.2.1 of Supplement 1. Design Guidance. 


6. EXISTING TANKERS AERIAL REFUELING LIGHTING IMPROVEMENTS 


6.1 KC-135 


6.1.1 Guidance: Consider lighting improvements to the KC-135 tanker in the areas as 


described in Paragraphs 12.2.0, 1.12, 1.12.1 (alternative PDL solution) 1.13.1, 1.16, 1.17, 


1.5 of the Design Guidance Supplement 1. 


6.2 KC-10A 


6.2.1 Design Guidance: Consider lighting improvements to the KC-10A tanker in the 


areas as described in Paragraphs 1.5, 1.12.1 (alternative PDL solution) and 1.15.1. 


7.0 FUTURE RESEARCH CONCEPTS EVALUATION METHODS 


Consider the use of scale model photography and simulators for evaluating the lighting 


concepts and new technology presented in this guide. 


7.1 Design Guidance: See Paragraph 3 of Design Guidance Supplement 1. 
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Reference:  


Aerial Refueling Lighting Study submitted as part of contract no.F42620-00-D-0028 


dated September 15, 2005, Supplement 1. Design Guidance and Supplement 2. 


Technologies. 


 


 


 


Figure 3 shows the suggested ‘Triple-T” bar dimensions. 
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AERIAL REFUELING LIGHTING STUDY GUIDE 


SUPPLEMENT 1. DESIGN GUIDANCE 


 


1.0 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. 


1.1 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.  


1.2 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. 


1.3 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. 


1.4 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. 


1.5 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 
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underbody to extend from the tail cone to the nose of the aircraft. These stripes should be 


extended to center of aircraft body. 


1.6 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 20º elevation and ±15º 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. 


1.7 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. 


1.8 Vertical Stabilizer (Logo) Illumination 


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).  


1.9 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. 


2.0 Tanker Boom/Receptacle Method 


2.1 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 
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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. 


2.2 Boom Telescoping Tube Envelope Markings 


The boom telescoping tube envelope should be provided with 360º 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. 


2.3 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 


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. 
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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. 


2.3.1 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.   


2.4 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. 


2.4.1 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.   


2.5 Boom Interphone 


Provide tanker with through-the-boom inter-communication capability. 


3.0 Tanker Drogue Method 


3.1 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. 


3.2 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 
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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. 


3.3 Tanker Turn Indicator Light 


Investigate methods for alerting receiver pilot that tanker turn is imminent.   


3.4 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.   


3.5 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.  


Recently, external illumination by use of LED’s to identify the external coupling/drogue 


hardware have 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. 
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3.6 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 may be provided by forward tip of 


horizontal tail lights. 


4.0 Existing Tankers Aerial Refueling Lighting Improvements 


4.1 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-IC-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;  


C) vertical tail illumination (both sides); and  


D) all lights modified to have individual dimming controls for NVG compatibility. 


4.2 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. 
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5.0 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. 


5.1 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 


J. Retrofit all aircraft currently not equipped with through-the-boom intercom communications. 


K. 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. 


5.2 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.  
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5.2.1 Probe Equipped Receiver Aircraft 


1) 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) 


B. Drogue/coupling (tanker) 


C. Tanker hose/drogue markings  


D. Aerial refueling store/pod (tanker) 


E. Fuselage Drogue Exit (tanker) 


F. BDA kit hose and boom telescoping tube (tanker) 


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


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


3) Provide the smaller fighter/attack aircraft with critical formation fuselage side-mounted strip 


lighting; and 


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


capability. 


6.0 Night Vision Goggles (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 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. 


7.0 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 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. 
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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. 


 


Reference: Aerial Refueling Lighting Study, submitted as part of contract no.F42620-00-D-0028 dated 


September 15, 2005, Aerial Refueling Lighting Study Guide and Supplement 2, Technologies 
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AERIAL REFUELING LIGHTING STUDY GUIDE 


SUPPLEMENT 2. TECHNOLOGIES IN LIGHTING 


1.0 Traditional lights 


1.1 Introduction 


Incandescent lights are inexpensive filament driven sources with an infrared content.  


Their drawbacks are generating heat and decaying in output through a relatively short 


lifespan.  They are also fragile and have a non-uniform intensity distribution. 


Quartz halogens are a low cost small size source with a flat white spectrum that is 


easily configurable for fiber optics.  They have a high heat dissipation with large power 


requirements contributing to a short life and are fragile in handling 


Xenon are a higher cost somewhat bulky source which can be strobed.  They have a 


relatively flat spectral curve from the ultraviolet to the infrared.  However their output is 


inconsistent and requires high voltages 


1.2 Existing and alternative uses 


Many areas exist in aircraft where increased lighting is indicated and requires only 


the placement of additional light sources in a conventional manner where covert 


operation is not necessary. 


2.0 Electroluminescent light sources 


Electroluminescent displays (ELDs) have their origins in scientific discoveries in the 


first decade of the twentieth century, but they did not become commercially viable 


products until the1980s. 


The fundamental advantages of EL remain those demonstrated in the earliest 


applications. It provides a uniform illumination over an extended field, and a cool light 


with no heat to dissipate. EL can be manufactured in a thin structure, and it offers a 


highly efficient use of power.  Additional qualities include: 


1. A rugged, mechanically flexible, and reliable structure that does not 


delaminate. 


2. Long service life (to be measured in thousands of hours at 110 V ac, at 400 


Hz. 


3. High brightness. 


4. No thermal dissipation. 


5. Absence of mechanical noise. 


6. High resistance to the effects of adverse environments (high temperature, high 


humidity). 


7. Stable electrical properties. 







Supplement 2 - 2 


8. Multiple colors. 


9. Arbitrary shapes. 


10. Thin construction. 


Table I. Summary of typical modern electroluminescent display specifications. 


Brightness (aviation green) >15 fL (58 cd/m2) 


Dynamic capacitance 0.003 µF/sq in. (0.00046 µF/cm2) 


Power consumption 18 mW(max)/sq in. (2.79 mW/cm2) 


Typical physical thickness 0.008–0.010 in. (0.2 mm) 


Typical unlit edge 0.025 in. (0.635 mm) 


Peripheral bus bar Usually not necessary 


 
 


 


Electroluminescent strip lighting from LSI (rhs is dual mode) 


 


Dual mode formation lights can be used for normal visual operations and / or NVIS 


viewable operations where Night Vision Goggles (NVGs) are employed. The light unit 


consists of an Aviation Green portion and a near infra-red portion. The near IR red 


emitting section of the formation light provides, to night vision aided personnel, the same 


benefits of our normal visible light to the naked eye. When in the covert mode individuals 


not wearing night vision aids cannot easily detect these light sources, however they are 


readily recognized through Night Vision Goggles. These light sources thus allow for a 


higher level of safety when operating at night in a darkened covert mode. They are also 


adjustable to meet operational or mission goals. In general, the larger the lit area, the 


more easily it can be acquired at distance. 


The dual mode EL strip is an excellent candidate to replace the yellow centerline 


stripe of the underbody of a tanker.  This centerline marking is critical in determining 


azimuth during AR.  Current stripes degrade and must be cleaned and most pilots 


indicated a need for improvement in this area as well as the aft underbody lighting in 


general.   
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Centerline Yellow Stripe 


3.0  Light Emitting Diodes (LED’s)  


3.1  Light Emitting Diodes  


(LED’s) are rugged solid state devices with low power consumption and are easily 


configurable for application to specific monochromatic wavelengths from the UV to IR.  


They can be very stabile in output if used with constant current drivers.  They are 


somewhat high in cost if used in arrays due to the driver electronics. 


A very important case is the Pilot Director Lights (PDL’s).    


3.2 JSSG 2010 PDL requirement overview 


An example of a top level requirement is from JJSG 2010 Crew Systems paragraph 


no. 3.5.3.3.4 for Pilot director lights. 


“Pilot director lights shall be provided to aid the receiver pilot in positioning the 


receiver airplane within the safe operating envelope limits of the boom. The lights 


shall be visible in 7500 fc ambient illumination. The lights shall be automatically 


activated by the position of the boom in its operational envelope. The lights shall be 


located on the underside of the fuselage, forward of the wings. Direction and relative 


magnitude of correction shall be indicated to the pilot in the receiver aircraft. The 


director lights shall be activated when in a contact-made condition. A break-away 


signal shall be provided. Disconnect signal circuitry should be considered to predict 


if a disconnect is about to occur, so the disconnect sequence for any given receiver 


aircraft can be automatically initiated and completed by the time the actual limit is 


reached. Aviation green, aviation yellow, and aviation red lights shall represent 


optimal, nominal, and marginal boom positions, respectively. Illuminated white light 


panels in between each indicator light shall be used to provide background lighting. 


Director lights shall be continuously dimmable to zero.” 


 


This requirement drives the incorporation of PDL’s into AR but it is not clear how 


this is to be implemented.  Two very different approaches are currently used and cause 


confusion to receiver pilots.  In many cases they are not used at all in aerial refueling.  


The JSSG seems to over constrain and limit the design of PDL’s even to the point of 
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precluding their use during covert operations.  This should be edited to reflect new 


operational needs.  


 


 


These lights have a common problem in that they are not visible enough in bright 


daylight situations.  This is exactly the type of system amenable to LEDs.  They can be 


arrayed as in the figure below to be quite bright as well dimmed to full off without losing 


their uniformity of illumination.  Also the packaging is well suited for the addition of IR 


sources (also LEDs) for use with NVGs. 


 


LEDs used on strip lighting for PDL’s 


Photo depicts a version which is not IR compatible at this time. 


 


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. 
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3.3 New ideas and concepts  


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, easy to 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. 


3.3.1 Combined Formation and Position System  


A combined formation/position system (CFPS) of equipment incorporating flush 


aircraft contour retraction features to avoid loss of efficiency due to dirt/sand 


contamination when not in use is suggested.  The display portion of the system may be 


configured in a universal gun sight type format.  This is otherwise known as a bulls-eye.  


The information displayed such as up/down and lateral is clearly understood by all who 


have combat experience.  Fore and aft information may be displayed as a change in dot 


(pipper) size.  Too small signifies that the receiver is too far from the optimum location 


and too large indicates too close.  A blinking feature to the dot can also indicate rates of 


closure/departure which is information deemed to be more difficult to obtain than lateral 


or up/down.  Circles of color for zones ranging from optimum, low stress (to the boom), 


at risk, to disconnect imminent can be brighter for NVG’s with the dot motions lower in 


intensity for visual clarity. 
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Representation of possible CFPS location (not shown to scale) 
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perfect  


CFPS 
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Combined Formation Position System in Operation 


 


 


Notional Detail of CFPS 
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3.3.2  Standardization of Pod status lights  


No standards exist for pod status lights.  Standard should be developed for 


commonality between different hose/drogue refueling systems. 


 


 


Above left:  C-130H  IR Pod status light which is day, night, covert, NVIS 


compatible.  On the center and right is more common configuration (yellow arrow 


indicates IR source). 


Information given by the status lights 


- Amber Light  The pod system is ready for receiver contact 


   Flashing amber light also signifies receiver is too close 


- Green Light  Fuel is flowing from the pod to the receiver aircraft.  


- Steady Red  Do not make contact 


- Flashing Red  The receiver is to breakaway 
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Most pilots deemed the status lights as adequate although standardization is called 


for.  At ARSAG 2005 it was observed that at least 4 different configurations exist for 


these lights.  A proposed improvement is to go to a symbolic display using LEDs for both 


unaided and IR use. 


 


 
 


LED Wing Tip Position Lights illustrate brightness and color of  these lights. 


4.0 Night Vision Goggles  


4.1  Technical  


Night Vision Goggles specifically the Gen3 AN/AVS-9 (ITT F4949 Series) Night 


Vision Goggle/Image Intensifier Set has various objective lens filter options and various 


flight helmet-mount configurations. It offers fairly high resolution [1.3 cy/mr, minimum 


(1.36 typical)], high gain, is photo responsive to near infrared, and is compatible with 


cockpit lighting as well as HUDs. Newer panoramic NVGs with a larger field of view 


[FOV ~100 degrees] are now in use with very favorable comparisons to the F4949s when 


properly adjusted even in 5.5 G-loads.  They appear to be most beneficial during threat 


detection, formation and tactics, offensive and defensive maneuvering and for 


survivability. 
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4.2 Background 


Dark adaptation is very important to understand in the use of NVGs. It requires 30 to 


45 minutes to reach maximum sensitivity and exposure to bright light for more than one 


second will affect it.  Wearing sunglasses during the day reduces the time required to 


adapt.  At least 5-10 minutes is required to readapt after using NVG’s. 


The operational advantages of NVG’s  are that they image reflective contrast and 


penetrate moisture quite effectively. Their images are attenuated by smoke, haze and dust 


but this is not usually found in higher altitude aerial refueling. 


CLASS A VS. CLASS B NVGS 


CLASS A NVGS HAVE A 625 NM MINUS BLUE FILTER 


CLASS B NVGS HAVE A 665 NM MINUS BLUE FILTER 


PERMITS USE OF “NVIS RED” FOR FULL COLOR DISPLAYS 


NEARLY ALL NEW AIRCRAFT HAVE CLASS B MIL SPEC LIGHTING 


CLASS A NVG PERFORMANCE MAY BE DEGRADED BY CLASS B LIGHTING 


 


Another aspect of newer NVG’s is the incorporation of FLIR sensors which image 


thermal contrast are totally independent of light and penetrate smoke and haze.  However 


they are attenuated by moisture. 


NVG’s and FLIR are complementary sensors. 


With them one can see lighted objects beyond 10 miles and aircraft light at more than 


50 miles. 


There is a cautionary note to their use.  There exists a tendency to overestimate 


distances which increases with distance and if a pilot relies only on visual clues the 


resultant flight path may be lower and steeper than intended. 


 


PNVG with Targeting FLIR insert 
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Top level NVG and FLIR information zone and spectra. 


4.3 NVG compatible lighting needs 


“Majority of respondents indicated need for lighting [improved and new] on  


formation references for night refueling.” 


  


Glare or flaring can be seen on position light on left which is not IR or covert 


compatible.  On the right is a view of newer and more compatible lighting on a KC-10 for 


use with NVG’s.  This condition can be corrected with the proper optical filtering of the 


light sources or specifying the use on infrared LED’s. 


5.0   Additional findings  


5.1 Remote Aerial Refueling Operator (RARO) 


RARO II remote aerial refueling operator station allows the boom operator, equipped 


with 3D goggles, to sit directly behind the cockpit rather than having to lie face-down in 


the back of the aircraft.  The RARO system is in use by the Dutch and Israelis and the 


RARO II is proposed for some new tankers. 


The RARO system which is currently installed only on KDC-10 aircraft, includes a 


three-dimensional operator displays and controls located in the forward main deck of the 
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aircraft plus remote sensors that allow wing tip-to-wing tip viewing of the area aft of the 


tanker.  


In current aerial tankers the refueling crew member is seated at a station with 


windows in the aft section of the aircraft as in the KC-10A, or in the prone position as in 


the KC-135R aircraft. Those systems rely on the naked eye to directly guide the boom for 


refueling.  


With the remote operating concept the refueling crew member is located forward in 


the aircraft cabin and uses a closed-circuit video camera and monitoring system to view 


the air refueling operation. Additionally, the RARO system provides superb night vision, 


improved vision in poor weather conditions, and enhanced depth perception because of 


the camera's stereoscopic and infrared capabilities.  


RARO's refueling operators console is on a pallet, so it can be removed to provide 


added space on the main aircraft deck during cargo or passenger carrying missions.  


5.2 Automated Aerial Refueling (AAR) or UAV Refueling  


Drogue System:  NASA’s Dryden Flight Research Center is using a highly 


instrumented F/A-18A, configured as a tanker, to develop general analytical models of 


tanker drogue and basket behavior that can be applied to the problem of air-to-air 


refueling of unmanned air vehicles (UAVs). The NASA study is one of three under an 


Automated Aerial Refueling (AAR) program managed by the U.S. Air Force Research 


Laboratory (AFRL). Two other studies are being conducted at Boeing facilities in Saint 


Louis and Long Beach, Calif., with the unmanned combat air vehicle (UCAV) as the 


platform of immediate interest. 


NASA’s AAR project aims to systematically identify and isolate factors influencing 


the behavior of the refueling system—such as flight conditions, atmospheric conditions 


(turbulence), tanker wake, receiver fore-body wake, and the shape, fuel condition and 


composition of the drogue and basket—and to use the data to develop a mathematical 


model. The model then will allow the services and their UAV designers to substitute the 


effects of the F/A-18A with the effects of UCAV or other unmanned receivers and other 


tanker aircraft, says project manager, Gerard Schkolnik. NASA is using an F/A-18B as 


the receiver aircraft. The Defense Advanced Research Projects Agency (DARPA), Naval 


Air Systems Command, the Naval Air Force (Pacific Fleet), Canadian Air Force and 


Northrop Grumman also are participating in the AAR program (www.dfrc.nasa.gov). 


This is accomplished by the addition of light sources at precise locations on and in the 


basket and having the receiver aircraft equipped with a suitable sensor/feedback control 


system to locate and fly to the basket for refueling. 


5.3 Determining Closure rate 


Another method of at least acquiring rate of closure and rough distances is to place a 


laser ‘ruler’ and sensor on the boom and an optical retro-reflector such as a corner cube 


on or near the receptacle on the receiver aircraft to reflect the interrogating beam back to 


the sensor.   In the case of a probe and drogue system the transmitter/receiver is placed on 


the basket and the retro-reflector at some non-intrusive place on the probe. These sensor 



http://www.dfrc.nasa.gov/
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systems are in common use in robotic factories and are used for precise placement and 


machining of parts in fast moving conveyor systems. 


5.4 Combined Formation and Position System. 


The CFPS suggested for the PDL’s is also amenable to automation.  If the feedback 


from the boom is an indication of lateral stresses this can be fed back into an automated 


ruddevator control system.  The man in the loop is of course easier to implement given 


the large numbers of existing and highly trained boom operators.  If in the future strain 


gauges were added to the nozzle receptacle assembly to provide feedback on 


connect/disconnect forces then an added degree of information or control may be 


provided to the boomer and the receiver pilot.  This provides an additional level of safety 


during the aerial refueling operation. 


Some tankers have employed lateral stripes around the lower circumference of the 


body as illustrated below.  This striping consists of a black/white stripe one foot wide (six 


inches per color) placed 10 feet apart and extend from the tail cone to approximately mid 


wing.  These stripes provide the receiver pilot information in tanker closure rate and 


fore/aft position prior to and after hook up. The use of the CFPS may eliminate the need 


for lateral striping.  The use of these stripes should be evaluated for used during day and 


night and possibly retained even if the CFPS is used.  These stripes should be made of 


electroluminescent displays for ease of use even in NVG friendly situations.   


 
 


KC-135 Underbody Lateral Striping 
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KC-10 Underbody Lateral Striping 


6.0  Future technologies (non-COTS) 


6.1 Flexible and durable CRT like display 


A patent (# 5,977,718) is about a gated pixel device with an electroluminescent 


polymer which is spun onto a flexible transparent substrate resulting in a durable display 


panel that can be formed into many different shapes.  It has the brightness of a CRT with 


color and is said to be suitable for devices from HUD’s to large area HDTV displays 


unsuitable for LCD’s.  It can be battery powered, and is suitable for cockpit displays.  


This can be a candidate for future boom operator displays to be mounted directly to the 


window eliminating considerable time in decision making during aerial refueling.   


6.2 Universal AR Store with In-flight Convertibility 


This system has dual capability in that boom/receptacle and probe and drogue 


systems can be serviced in flight.  Furthermore it can be switched from one to the other 


rapidly with minimal loss of operational time; therefore, offering refueling to virtually all 


receivers within the airspace of the tanker. 







Supplement 2 - 15 


The wing tip stores can service two aircraft simultaneously.  The receivers may be of 


either type receptacle or probe or the same.  Flow rates (>600 GPM) would exceed 


drogue wing stores.  


The receivers would experience little or no downwash based on flight testing 


performed on F-4/F-100 aircraft during 1969-71.  The use of a CFPS should provide 


adequate references for both receptacle and probe receivers.  The exact location(s) such 


as tanker forward fuselage side can provide references for all axes. 


 This system would also eliminate the need for top off rotations for equal receiver 


aircraft fill ups.  It provides the option for the Air Force/ Navy/Marines to use either 


refueling system.  It has the potential for automated air refueling for existing and future 


receivers as well as UAV’s. 


    
 


Stowed Position    Boom position 
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Drogue position 
 


Reference: Aerial Refueling Lighting Study, submitted as part of contract no.F42620-00-D-0028 dated 


September 15, 2005, Aerial Refueling Study Guide and Supplement 1. Design Guidance 


 





