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EXECUTIVE SUMMARY
Development and Evaluation of VFR Lighted Flyways in the Chicago Class B Airspace
Project VC-Al, FY 95/96 o |
Report No. ITRC FR 95/96-6

Prepared by
Pongnte Hongschaovalit
Barry J. Dempsey

The amount of air traffic in the Chicago metropolitan area is expected to increase in the near
future. In addition, the airspace in that region will be more complicated as a result of the _
proposed additional airport near Peotone. With the use of ground visual aids, a general aviation
pilot can navigate around this area using contact flight navigation. Instead of depending solely on
the electronic guidance equipment inside the cockpit, a pilot would increase the probability of
noticing and avoiding other aircraft, terrain, or obstructions by using visual navigation with a -
ground reference marker. In addition general aviation pilots can operate within the vicinity
without having to contact or interfere with air traffic control. Thus the number of aircraft
requiring the supervision and guidance of the air traffic control can be reduced. The air traffic
control can then concentrate on flights within their controlled airspace.

The purpose of this research was to'develop a visual lighted flyway marker with superior

performance to be implemented around the O’Hare Class B Airspace. Once installed, a thorough
evaluation of its functional capabilities was completed. The general objectives of this study were

to develop, fabricate, and evaluate a modified marker system that would function effectively and"

efficiently in a visual flight rule (VFR) flyway. The following spec1ﬁc research objectives were
addressed:

1. Develop VFR lighted flyway marker — Design and fabricate a VFR lighted flyway
marker of increase size, visibility, and durability, based on an earlier study. Consideration
was given to increasing the visibility and conspicuity of the marker so that it is visible
under a wide range of condltlons at a distance of 6 nautical miles (NM).

2. . Determine the optn'nal colors and pattern for the marker — Several color schemes, as well

as design patterns, were tested to make the marker more noticeable dunng daytime flight
observation. Small scale testing on color was conducted against various background
settings under different illuminations experienced throughout the day. Seasonal variation
experience throughout the year was considered.

3. ‘Resolve the optimal flashing sequence for the marker beacon — Analyze the effectiveness
of the modified flashing sequence of the beacon that was used in previous research
studies. The light intensity and color were evaluated to determine marker performance

- within the background lighting of metropolitan areas.




4.~ Conduct flight observations of the modified marker at University of Illinois Advanced
- - Transportation Research Engineering Laboratory (ATREL) facility in Rantoul—This
evaluation indicates further needed improvements on the visual lighted flyway marker
before testing in the Chicago Class B Airspace. In addition, guidelines and procedures for
the evaluation of the marker in the Chicago metropolitan area were tested.

5. Evaluate the visual lighted flyway marker in the O’Hare Airport vicinity—A complete
and thorough investigation was conducted in the O’Hare Airport Class B Airspace.
Assessment of the performance and effectiveness was completed under various :
conditions, during both daytime and nighttime that are permissible for VFR operation.

- Factors such as physical parameters; city background colors and lights, daytime and
nighttime visibility, and visibility under a vanety of climatic conditions related to
seasonal changes were evaluated. .

6. Develop an optimal route for implementation of the visual lighted flyway marker—A
guideline for selecting appropriate route, including site selection, for the installation of
the markers was developed for the purpose of stationing the markers around the Class B
- Airspace. The proposed spacing of the marker is 3 statute miles.

-7.  Provide a recommendation on operational procedure and traffic pattern for aircraft

navigating around the Chicago area via the visual lighted flyway marker route.

8. Prepare a final report to include conclusions and recommendations for implementation of

" VFR lighted flyway systems in the Chicago Class B Airspace.

The modified VFR lighted flyway marker was thoroughly observed for its conspicuity against
various backgrounds. The design performs satisfactory throughout the initial testing at Rantoul
Aviation Center and later at the Schaumburg Regional Airport. The 30-ft diameter Sprung
Instant Structure was more conspicuous than the first VFR lighted flyway marker prototype.

) However a larger structure would be even more conspicuous. More importantly, the minimum
number of alternating panels required is ten. Since the 30-ft diameter structure has only eight

panels, it is not suitable for detection and recognition purposes. The recommended minimum size
is 40-ft diameter, The tangerine orange and yellow colors proved to be more conspicuous than
the FAA orange and white color combination for marking obstruction. The orange contrast well
with light colored background while the yellow contrast quite efficiently with dark colored.
background, The beacon with the modified flashing sequence was salient from the background
lighting of the Chicago area and can be used in the final design. However, the 8,000-candelas
beacon was ineffective during daytime evaluation and the structure was more conspicuous. As
the illumination condition deteriorates toward darkness, the effectiveness of the light gradually
increased while that of the marker structure gradually decreased. Thus higher intensity 200,000-
candelas may be used if daytime detection of the light is desired, as found in other studies.
However, this intensity must be adjusted to 20,000 and 8,000 candelas for twilight and nighttime
respectively to prevent the light from dlsturbmg the residence nearby. It is suggested that the
light, with the specially designed shicldmg device, be situated on a 30- to 45-ft pole. The pole
would increase the visibility of the flashing beacon to pilots and increase the coverage area of the
shleldmg device. With the ﬂashmg beacon situated at elevated position, the possibility that other
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tall objects will block the light from the pilot field of vision is reduced. Finally, the visual lighted
flyway route was proposed, including cruise altitude and traffic flow pattern. This route was
based on the location of the existing VFR flyways, the location of tall structures, and the
elevation of the highest obstacle within the vicinity. The inner traffic has a lower cruising
altitude due to the fact that it is closer to the stepping-down ceiling of the O’Hare Class B
Airspace. The traffic pattern was established to ease the detection, as well as, for the marker to
remain in the pilot line of sight as long as possible. More importantly, it was established to
reduce the risk of collision between aircraft flying in opposite direction. Finally, it was
recommended that water towers or similar large structures be used as the base component of the
marker. Larger structures would constitute a more conspicuous object, increasing the pilot’s
opportunity for visual detection and identification of the marker.

It is concluded that a visual lighted fiyway marker sized to be 40-ft diameter or greater and using
tangerine orange and yellow colors would function very well in the Chicago area. A flashing
beacon of 200,000-candelas in daytime and 8,000-candelas nighttime should be used. The flash
sequence should be that of the Morse code “S.”

It is recommended that implementation be 1n1t1ated to further study the benefit of several visual
lighted flyway marker in the vicinity of the Chicago Class B Airspace. It is believed that general
aviation traffic will benefit from the increased safety and efﬁmency provided by a visual lighted
flyway marker system.
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DEVELOPMENT AND EVALUATION OF VFR LIGHTED
FLYWAYS IN THE CHICAGO CLASS B AIRSPACE

1.0 Introduction

The airspace surrounding major metropolitan airports is usually quite complicated, with
unique dimensions and operation requirements. More significantly, as the number of
aviation activities is expected to increase in the future, air traffic within this area can
become congésted. As a result, the task of sequencing and maintaining separation of
aircraft will be more difficult and demanding for the air traffic controller (ATC). _
Precariously, these factors significantly increase the potential of mid air collision between
aircraft. To alleviate aviation traffic within this vicinity, a significant number of general
aviation {GA) aircraft may be persuaded from entering the controlled airspace. Such was
the intention of the VFR Lighted Fiyway Marker (VLFM) developed and studied in a
previous report entitled “VFR lighted flyway marker for the TCA Environment™
(Spiekermann and Dempsey 1994). Many GA pilots can circumnavigate around
improved complex airspace by using a visual reference marker system. In addition, by
scanning outside of the cockpit, the pilot can increase the chance of detectingand
avoiding other aircraft, obstructions, and terrain hazards. Within a brief period of time,
these markers will be recognized as pertinent Jandmarks to general aviation pilots, adding

_to their usefulness. From the reduced number of GA aircraft, the ATC can concentrate

on commercial, cargo, and those flights that must fly within the controlled area.

The VLFM was designed to serve as a ground visual navigational system to aid general _

- aviation (GA) pilots flying VFR. This is an operation procedure established by the

Federal Aviation Administration (FAA), where the pilot is flying and navigating using
visual contact with objects on the ground. The successful experimentation of this marker
in Class C airspace justified its evaluation in the Terminal Controlled Area (TCA) or

- Class B Airspace. Some modifications were necessary, particularly on the size, color,

and lighting in order for the marker to function effectively and efficiently within a maj or
metropolitan area. Thus, a Modified VFR Lighted Flyway Marker (MVLE) was
developed based on information from the research on the VLFM, additional literature
reviews, scaled testing on colors, and results from field evaluation of the MVLF. -

1.1 Background Information

Congestion'of aviation traffic is a current problem for the Chicago metropelitan area's
airspace. With two major airports located within the city area, Chlcago O’Hare :
International Airport (O’Hare) and Chicago Midway (Midway), its airspace is one of the
most elaborate in the country. Furthermore, the possibility of a third airport, South
Suburban Airport (SSA), can only raise the complexity of the airspace (South Suburban
Airport 1997). Initially, SSA is proposed to have a Class C airspace. This airspace will
converge on O’Hare and Midway’s current airspace, forming a narrow channe] only three
nautical miles wide for uncontrolled aviation activities (see Figure 1). After the year

- 2010, the SSA airspace may be enlarged to Class B desxgnatmn should the number of

activities meet that criteria. The upper portion of SSA airspace would adjoin that of the



two other airports, resulting in a more confined corridor of uncontrolled-airspace (see
Figure 2). Ultimately, the additional airport will generate and attract more traffic to the
already congested airspace. Literature in Appendix I discusses the projected number of
future aviation activities, including the number of enplanements for the Chicago

- metropolitan area airports. '

As mentioned previously, the amount of traffic in this vicinity may be too overwhelming
for the ATC. The usage of advanced surveillance equipment, along with modern on board
navigational instruments, allows the ATC to manage traffic within his domain. No
matter how advanced and sophisticated the system may be, the efficiency of the operation

- still remains based upon human factors. Airports serving major cities generally handle
traffic that is a combination of commercial airlines servicing the general public and GA
operating privately charted flights. While commercial airline flights are-under strict
supervision of the ATC, most of GA operates according to VFR designation, an operation
procedure established by the FAA. Depending upon the aircraft performance and flight
characteristics, the ATC must provide guidance based on each atrcraft’s ability and
requirements. Because the flight characteristics of commercial and GA aircraft vary
tremendously, the ATC’s task of directing and separating aircraft is relatively
complicated. The expected increase in future aviation traffic further intensifies this
responsibility. As often is the case, GA aircraft transitioning through the area are
vectored out of its intended path or delayed for a long period of time by the ATC to make
way for the commercial aircraft arriving or departing the airport. Being directed away
from the intended flight path can increase a pilot’s risk of fatigue and becoming lost, or
an aircraft becoming short of fuel. With the aircraft short on fuel, a pilot has only one
option and that is to find a suitable area to land. It is extremely difficult and almost
impossible to find a suitable site within a major metropolitan area for an emergency
landing. ' :

To determine the location of the current position and the intended flight path, most GA

pilots fly and navigate by relying on visual information that is obtained from two sources

(Durso 1998). One source of visual information is the minimum standard set of

instruments, with which most conventional aircraft are equipped. These instruments are

the airspeed indicator, attitude indicator, altimeter, rate of turn indicator, heading display,

and the vertical rate of change indicator. When used in conjunction with one another, the .

pilot can control the airplane in a stable manner. The other source is visual contact..
information that can be perceived by viewing outside the cockpit. Along with ground
visual reference, the pilot’s task of navigating is assisted by the use of an aviation map.
The pilot confirms his position by checking the similarity of the terrain in the forward

~ view and an inferred position on the map. If they are not similar, then the pilot is
considered lost. This task can also be somewhat difficult at night or during bad weather.
When using an aviation map, three significant mental transformations can occur in
bringing the implied position on the map into consistency with the image from the
forward view. The first is zooming which is taking a large, global-scale of the map into a
constancy with the local forward view. The second involves lateral mental rotation,
which is when the map is held in a North up orientation while the pilot is flying in a

- different direction. The third is called envision, or the ability to picture the three-

| 2




 at the wrong airport.

dimensional terrain on a two-dimensional map. Although pertinent land features such as
highways, railroad track, power lines, rivers, buildings, water towers, airports, etc. are
illustrated on the map, it remains very difficult to determine the exact Jocation of the
aircraft’s current position. This is especially true when the pilot is not familiar with the
area or if the area is quite congested. It is quite difficult to distinguish between major
highways. More importantly, pertinent landmarks become literally useless for
navigational purpose during nighttime, unless they are well lighted. There are many
recorded cases where pilots, flying in good weather with adequate visibility, have landed

It is difficult to completely describe the significance of navigation to a pilot. The concept
of using ground visual markers can be traced back to the pioneering days in aviation
.when bonfires and marked airfields were used as navigation aids (Surgeoner 1942).
Later, the bonfires were replaced by lighted beacon, which were commonly placed along
desolate or mountainous routes. With considerable benefit to the aviation industry in
general, a ground reference marker system can assist VFR pilots in navigating around a
metropolitan area during daytime and, more so, during nighttime flights. Furthermore,
when pilots are scanning outside more often than at the onboard instruments inside the
cockpit, they increase their opportunity to detect other aircraft, obstructions, adverse
weather, and terrain. Appendix II contains literature that discusses the imminent
potential of mid air collision associated with GA aviation. Thus it would be relatively
safer and more efficient for a2 GA pilot to use a VFR lighted flyway marker when '
transitioning through a Class B airspace. ' -

1.2 Problem Statement

The amount of air traffic in the Chicago metropolitan area is expected to increase in the
near future. In addition, the airspace in that region will be more complicated as a result
of the proposed additional SSA near Peotone. With the use of ground visual aids, a GA
pilot can navigate around this area using contact flight navigation. Instead of depending

solely on the electronic guidance equipment inside the cockpit, a pilot would increase the

probability of noticing and avoiding other aircraft, terrain, or obstructions by vsing visual
navigation with a ground reference marker. In addition GA pilots can operate within the

~ vicinity without having to contact or interfere with the ATC. Thus the number of aircraft

requiring the supervision and guidance of the ATC can be reduced. The ATC can then .-
concentrate on flights within their Class B controlled airspace. Considering these factors,
along with the research objectives, the goal of this report is to expand upon the previous
study entitled “VFR Lighted Flyways in the TCA Environment” and to evaluate an
improved flyway marker in the Chicago Class B Airspace. It is proposed to utilize a
much larger and more durable marker in this study. It is believe that a commercially
available system can be modified to satisfy the VLFM structured component criteria. It
is intended that the marker system developed in this study will lead to field
implementation of a VFR flyway system in the Chicago Class B Airspace.



1.3 Research Objectives

The purpose of this research is to develop a MVLF with superior performance to be
implemented around the O’Hare Class B Airspace. Once installed, a complete and
thorough evaluation of its functional capabilities will be completed. The general

“objectives of this study were to develop, fabricate, and evaluate a modified marker

system that would function effectively and efficiently in a VFR flyway. The spec1ﬁc
research objectives can be divided into the following categories:

1.

Develop VFR lighted flyway marker — Design and fabricate a VFR lighted flyway .

marker of increase size, visibility, and durability, based on the initial prototype
previously developed and information obtained from additional literary research.
Consideration will be given to increasing the visibility and conspicuity of the
marker so that it is visible under a wide range of conditions at a distance of 6
nautical miles (NM). The material of the marker’s structure will also be
considered so it is constructed of more durable material.

Determine the optimal colors and pattern for the marker— Several color schemes,

- as well as design patterns, will be tested to make the marker more noticeable

during daytime flight observation. Small scale testing on color will be conducted
against various background settings undert different illuminations experienced
throughout the day. Seasonal variation experlence throughout the year will also

' be conmdered

Resolve the optimal flashing sequence for the marker beacon— Analyze the =~ -
effectiveness of the modified flashing sequence of the beacon that was used in the

previous study of the VLFM. The light intensity and color will also be evaluated -
- to determine its performance within the background lighting of metropolitan
. areas, - '

Conduct ﬂighf observations of the modified marker at University of Illinois
Advanced Transportation Research Engineering Laboratory (ATREL) facility in -
Rantoul—This evaluation will indicate further needed improvements on the

MVLF before testing in the Chicago Class B Airspace. In addition, gu:delmes'

and procedures for the evaluation of the marker in the Chicago metropolitan area .
can be tested. :

Evaluate the modified marker in the O’Hare Airport vicinity— .Onc':e the

prototype is finalized, a complete and thorough investigation will be conducted in
the O’Hare Airport Class B Airspace. Assessment of the performance and
effectiveness will be completed under various conditions, during both daytime

- and nighttime that are permissible for VFR operation. Factors such as physical

parameters, city background colors and lights, daytime and nighttime visibility,
and visibility under a variety of climatic conditions related to seasonal changes
will be taken into consideration.




6. Develop an optimal route for implementation of the MVLF— A guideline for

selecting the appropriate route, including site selection, for the installation of the
markers will be developed for the purpose of stationing the markers around the
Class B Airspace. The proposed spacing of the mar-ker is 3 statute miles.

7. Provide a recommendation on operatlonal procedure and traffic pattern for alrcraﬂ
navi gatmg around the Chicago area via the MVLF route.

8. Prepare a final report to include conclusions and recommendations for

implementation of VFR lighted flyway systems in the Chicago Class B Airspace. -

2.0 Class B Airspace—Chicago O’Hare International Airport

Of primarily interest is the Class B airspace. While each Class B area is usually
designated for a major terminal, it can also serve several airports in the same region
(Ashford 1992). Each Class B airspace is individually designed to serve the needs of the
particular airport that it surrounds. The usual characteristic of a Class B airspace is that it
conststs of circular rings that step down in diameter as it approaches the ground surface.,

~ The different levels of airspace are portrayed as a series of interconnected circular

patterns, resembling an upside-down wedding cake, see Figure 3.

As illustrated in Figure 4, the Class B ai.rspace of the O’Hére airport has a maximum

ceiling of 10,000 ft MSL, and extends in a 25 NM radius from the airport. The lower -
ceiling level decreases “stepping down” as one moves towards the airport. From 15 to 25

- NM, the lower ceiling is 3,600 ft MSL. It steps down to 3,000 ft within 10 to 15 NM, to

1,900 ft within 6 to 10 NM, and finally all the way down to the ground surface within a 6
NM radius of the alrport It is important to notice the abrupt change in the lower ceiling
altitude, a 1,100-ft difference as one moves inward from the 15 to 10 NM perimeters. A-
sllght dev1at10n from the intended flight path and a pilot could wander into controlled
airspace. This type of incident has occurred frequently due to pilot unfamiliarity with the
terrain and/or accidental intrusion. There are approximately 40 airports that-
accommodate general aviation aircraft within 30 NM of the Chicago metropolitah area.

To operate within Class B airspace, an aircraft must be equipped w1th two-way radio
communication capability and a transponder with Mode C operating characteristic
(Jeppesen 1994). A transponder is an electronic device aboard an airplane that enhances
the aircraft’s identity on an ATC radar screen. A mode C transponder has the capability
of indicating or encoding the airplane’s altitude. This transponder is required within 30
NM of O’Hare, from the surface up to 10,000-ft mean sea level (MSL). It is required that
each pilot in command of a civil aircraft must possess at least a private pllot certificate to
fly within Class B airspace, or to take off or land at an airport within this airspace.

Before an aircraft enters any part of a Class B airspace, communication must be
established and permission granted by the ATC. Once the ATC has established radar
contact and given a transponder code to the aircraft, the plane can then proceed according

- to the ATC instructions within the airspace. The ATC may direct an aircraft for landing



sequence, make way for outbound aircraft, or change the ﬂlght path to maintain -
scparatlon between aircraft.

There is a minimum safe altitud.c over the congested area of a city, town, or settlement or
over any open-air assembly of persons (Jeppesen 1994), The FAA requires a pilot to fly
at an altitude of 1,000 ft above the highest obstacles, within a horizontal radius of 2,000 ft
of the aircraft. Outside of congested areas, the minimum safe altitude is 500 ft above the
surface, except over water or sparsely populated area. In those cases the aircraft may not
be closer than 500 ft to any person, vessel, vehicle, or structure.

3.0 VFR Lishted Flyway Marker (VLFM), the Cha'mpaign-Urbana Experiment

With a VFR flyway identification system general aviation aircraft may transition around
Class B airspace without the supervision and authorization of the ATC. To facilitate the
flight of VFR aircraft around or under Class B airspace, the VLFM was introduced in
1994, In this study, a prototype was developed and evaluated to determine whether it
could function as a VFR flyway designator. In the previous ITRC report on VFR Lighted
Flyway Marker, Spickerman and Dempsey summarized the findings resulted from the
experiment {Spiekerman and Dempsey 1994). Various considerations were given to the

design of the structure including cost and effectiveness. From various figures and sizes, a -

pyramid with base dimensions of 10 ft by 10 ft, and 12.5 ft in height was chosen, see
Figure 5. The colors of the marker tested were orange and green. The lighting was
achieved using a heliport beacon capable of high and low intensity settings of 8,000 and
3,000 candelas, respectively. Appendix III contains the engineering data of the Flash
Technology Corporation’s Flashhead FH-301 heliport beacon. The field assessment was
conducted within the Class C airspace at the University of Illinois’s Willard Airport and
Monticello Airport, a Class G airspace facility (with a 700° AGL Class E transition).
During the daytime evaluation, the marker was detected at an average distance of 2 to 3
NM. The greatest distance observed was 4.5 NM at an altitude of 1500-ft AGL. In order
to increase the spacing distance from 1.0-1.5 NM to 3.0-6.0 NM, Spiekerman and
Dempsey (1994) recommend enlarging the marker to two or three times its current size.
The structure size was not limited by only financial constraints, but also by the land space
available. From the evaluation of the lighting system, the experiment has indicated that
the flashing beacon system was very effective, in terms of both the intensity and
frequency of the light.  However, the sequence was considered inappropriate due to a
similar flashing pattern designated for heliports. Furthermore, the intensity of the light
must be reengineered for different illumination conditions. The light was observable
within 2 to 3 NM on a clear day with good visibility. The recommended.spacing as
concluded in this paper was 3 NM. As for the color of the marker, bright orange was
suggested. The large orange and white checkerboard ground mat was very difficult to
detect. It can be seen only from a nearby distance and at low altitude, thus it may be

omitted from the second prototype. Another reason the ground mat may be omitted is the
- fact that it can become covered with dirt, leaves, and inevitably, snow. Spiekerman and

Dempsey (1994) also suggested using reflective material with the checkerboard mesh

- design for the marker,
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4.0 Modified VFR Lighted Flyway Marker (MVLF)

4.1 Introdﬁction

A goal of this research was to determined if an economical and reliable structure was
available which could be used as an MVLF for the purpose of providing a ground

- navigational aid within the Chicago Class B Airspace. Literature reviews, including the

study of the VLFM, provided much of the information concerning the size and color of
the marker. A problem encountered in that study was the difficulty in detecting the -
marker during the daytime. In the daytime, the size of the marker primarily determines

the ease of detection and identification. Thus improvements were made upon the size of .
- the marker. A structure was chosen from several that are commercially available from

various manufacturers. The selection was based upon its size, shape, functionality,
construction and maintenance requirement, and cost. Other areas taken into-
consideration include colors and patterns of the structure. A color-testing scheme was
derived and tested at the ATREL facility to determine the best color combination for the
MVLF marker. In twilight or nighttime conditions, detecting the marker is easily
accomplished due to the flashing beacon. However, the light’s flashing sequence must be

reengineered in order for it to be unique within the aviation industry and distinguishable

from the background lighting of the Chicago metropolitan area. Other research also .

. provided useful information on nighttime light intensity and unique flashing sequence.

The MVLF marker was installed and field-tested at the Rantoul Aviation Center and later
at the Schaumburg Reglonal Airport located 9 miles west of the O’Hare airport (see

Fi 1gure 6).

4.2 M‘arking for Davtime and Liphting for Nighttime Detection

In order to function eﬁ‘ectlvely and efficiently, a MVLF marker must be conspicuous
from the metropolitan background, when viewed from the air. Conspicuity is the
probability that an object will be noticed (Laxar 1993). The conspicuity of an object
depends on several variables such as its size, shape, luminance, contrast, flashing
sequence, color, its spatial characteristics, and its environment. It was suggested that the

MVLF system could function using only the flashing beacon, omitting the structure.

However research has shown that daytime detection is primarily a function of size (Castle |

'1985). The flashing beacon, even with high intensity candelas, is not as conspicuous as

the markings of a structure. Castle (1985) demonstrated this in his study on several .
obstruction beacons for the FAA in 1984. The objective was to determine if these lights
could be as effective as, or better than, the paint marking on tall structures. Paint often
deteriorated and towers needed repainting within 3 to 5 years, so lighting would be more
economical. Studies prior to Castle’s research had suggested 200,000 effective candelas
and 40 flashes per minute (fpm) as the intensity and revolution settings for obstruction
lighting beacons. For twilight and nighttime, the intensity settings had to be reduced to
20,000 and 4,000 candelas, respectively, to avoid complaints from people on the ground.
Other references had specified that a painted tower should be seen at ranges of 0.6-, 1.2-,
1.8-, and 3.0-SM in meteorological visibility of 1.0-, 2.0-, 3.0-, and 5.0-SM, accordmgly

In addition, the 20,000 effective-candelas strobe shOuld be seen at ranges of 1.0-, 1.5-,



1.8-, and 2.3-SM under the same meteorological visibility conditions. The end results are )

the light should be more effective at a lower visibility and the paint markmg should be

. more effective at a higher v151b111ty

Findings from Castle’s research venﬁed these theories through numerous flight
observations. Approximately 450 flight tests were flown to determine if the strobe
lighting systems could be used to identify short skeletal towers of 500 ft or less during

~ daytime flight. Pilots were asked to determine which features, the strobes, the paint

marking, or the tower structure, were detected first. When looking in the direction of the
sun’s glare, strobe lighting was more effective than the tower’s paint marking at distances
of less than 1 mile. Between 1 and 2 miles, strobe lighting and paint marking were
equally effective. Paint marking, however, was more effective from a distance greater
than 2 miles away from the tower. The recommended intensity. for lighting of such a
tower is 20,000 candelas in daytime. For nighttime conditions, a 2,000 candelas effective
strobe was comparable with the standard 1,500 candelas red strobes. Thus marking and
lighting are necessary for daytime and nighttime detection, respectively.

4.3.1 MVLF Components for Daytime and Nighttime Detection

The discussion on the MVLF is divided into two parts, based on it cdmponcnts The'f_irst _

involve the structured component of the marker, which is responsible for daytime
detection. The topics includes the actual building size chosen for the project, determining

the color combination, the material used for acquiring the colors, and concluded with the

determination of the pattern for the MVLF marker. The second part relates to the light

. component of the marker, which will be discussed later in this report.

4.3.1a MVLF Marker Structure

For daytime detection, it was discovered from ‘other research that a difference in the size .

of a target and its background increased conspicuity more than a difference in lJuminance
(Laxar 1993). In addition, an increase in size variability of the background decreases
conspicuity, and a high-density background reduces conspicuity of small targets more
than large ones. Theoretical studies have also shown that a circular area provided the -

- most efficient shape for identifying an object of a given area (International Civil Aviation

Organization 1980). The marker’s structure should have close resemblance to a spherical
shape. A water tower would thus be an ideal candidate as a marker structure.

The most irnportant factor that determines an object’s conspicuity is size. Oné of the
objectives for this study was to determine a size for the MVLF structure. According to
the International Civil Aeronantical Organization’s Visual Aids Panel, the smallest an
object could be and still be visible when viewed from head on was an object that bounded
a v1ew1ng angle of 1 minute. For example, a viewing distance of 3,281 feet would
require a marker area of 0.72-feet square (), under good visibility conditions. Usmg
the same correlation, a marker with an area of 17 ft would bound a viewing angle.of 1
minute at 3 SM viewing distance. However, a pilot may not be looking directly at the -
object, thus the marker’s area required must be increased. As the object may be outside




the central viewing area, the Visual Aids Pane] has suggested an object angle viewing of
5 degrees. For the 3 SM viewing distance, this corresponds to an object with area of 224-
ft* (see Appendix IV for caleulation). The 3 SM viewing distance was used in the ‘
calculation because it is the intended spacing distance between the MVLF markers. - The
spacing was based on the 3 SM minimum visibility requirement to operate under VFR
designation at night. It is more difficult to determine whether the current visibility has
deteriorated below that of the minimum required during nighttime condition. Thus a
VER pilot can determine the current visibility by referring to two MVLF markers.

With all of the above factors taken into consideration, including durability and cost, a
commercially available lightweight frame systern was chosen for the base component of
the VFR flyway marker. The structure dimensions are 30-ft diameter by 15-ft high. It is
similar to a rounded pyramid, and is circular when viewed from above. This frame
system is manufactured by Sprung Instant Structures (See Appendix V for

‘manufacturer’s information). The frame is constructed of extruded aluminum arches,

integrally connected to an all-weather outer membrane of PVC-coated polyester scrim, a
certified flame-retardant material. The fabric is treated with ultraviolet ray inhibitor to
delay damage from harmful rays of the sun. The structure itself is relatively easy to erect,
and requires little or no'maintenance. A crew consisting of a technician from Sprung
Instant Structure and 3 unskilled labor workers ¢an erect the 30-ft diameter structure in 8
hours. The same crew, without the assistance of the technician, can dismantle the
structure quite easily in 4 hours for relocating purposes. The building does not require

-surface preparation or foundation support. Due to it modular design the structure can be

enlarged easily by attaching additional components. This will be beneficial in making the
marker more visible from at least 3 statute miles (SM), the nighttime minimum visibility
for VFR operation. Furthermore the structure was designed to shed snow and withstand .

" hail and high winds, up to 155 miles per hour. Although serving as a VFR marker, this

frame system can be used as a storage facility. The structure used in this study is
illustrated in Figure 7. Its panels are colored with erange and white color combination,
the first pair of colors tested for conspicuity. This was the pair recommended by the
FAA for marking of tall structures. From the side, the structure projects an area of
approximately 345-ft’, which is greater than the 224-f* minimum, as determined from

the Visual Aid Panel’s guideline.

Because most pilots preferred to fly in a constant heading or direction, the lighted flyway
route will consist of several segments. To indicate a change in course direction a special
unit of the marker must be used, see Figure 8 for illustration. The unit contains two

separate structures, one parallel to each segment. The recommended dimension for each

* structure is 120 ft by 40 ft by 18 fi in length, width, and height, respectively. .-

4.3.1b MVLF Marker Colors

It was expected that fluorescence colors would provide the most conspicuous colors for |
any objects. However, literary review has shown that these paints are in the same class as
white and light colored paint, and should not be used in cases where extreme contrast is

~ needed (Applied Psychology Corporation 1963). Nevertheless, these colors were




evaluated due to their high apparent reflectance, which is two to four times that of non-
fluorescent paints of similar colors. The results verified the finding from the literature
research. From a distance, light colors blend together and appear as white in color, as
confirmed by studies on fluorescence colors..

Other standards and researches have contributed relevant information on the coloring of
the MVLF. The FAA’s advisory circular on obstruction marking and lighting (AC
70/7460-1H) describes the standards for marking and lighting of tall structures to
promote aviation safety (Federal Aviation Administration 1991). By marking a structure
it should be conspicuous to pilots during daylight hours. The FAA recommends palntmg
a structure with altemate sections of aviation orange and aviation white to provide
maximum visibility. Results obtained in other research were also taken into
‘consideration. According to a 1952 study by the Navy Department, it was discovered
that black numeral/orange backing was the best combination in terms of recognition
distance for runway signs. As for taxiway marking and signs, yellow stripes and yellow

 letters/black background proved to be the most favorable. One year earlier, Malone,

Sexton and Famworth (1951) conducted a study concerning the conspicuity of color
objects. They determined an effective color for life saving rescue equipment at sea by
performing small-scale color testing. They studied the effectiveness of yellow as
compared with a graduated series of yellow-reds and reds. Their objective was to

. determine the detectability of these colors for use in an air-sea rescue. Test color

samples, %-in in diameter, were mounted on blue-gray boards, to simnulate the color of
the sea under various weather conditions. The samples were placed in outdoor sunlight,
and observations were made at distances of 50- to 130-ft. From this study, orange-reds
were found to be the most visible for life saving equlpment

Using a similar method and procedure, several small-scale color tests were performed to
determine the most conspicuous color combination for the MVLF. Unlike the Malone,
Sexton, and Farnsworth study however, the objective of this experimentation was to
determine the detectability of various colors for air-ground navigation. It is known that
color could not be perceptible at large distances. When viewed from afar, most colors.
would lose their vividness and appear as’either white or dark color, depending on their
hue. A pilot should be able to search for the same color or colors regardless of the
distance away from the marker. Thus it was intended to determine the color combination

-that would be perceptible, as well as conspicuous, from the longest distance. To achieve -

the greatest recognition range, it was necessary to maximize the contrast between the
marker and its background. As the marker would have to be viewed against both light
and dark backgrounds, the marking should be compose of two colors. Thus, a small-
scaled color test was conducted to determine the perceptibility of several color
combinations. This also included determining the furthest distance that they can be
perceived. Large scale color testing would increase cost and delay the project time. It
was determined that two colors must also contrast one another in order for the colors to.
be distinguishable, Several color combinations were evaluated in this study based on the
results from previous research on colors and color contrast. ‘Colors including red, orange
green, blue, purple in combination with yellow and white were tested. Of the choices
available, white was a poor candidate because the snow-covered ground surface would
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obscure the marker during the winter months. In addition, white colored buildings are the

most prominent color observed when flying into a city area. Choosing any color
resembling green would also be unwise. Object having this color can easily blend in with
the greenery of farming areas, grass fields, and forest preserves.- Colors ranging from

* blue to purple in the visible light spectrum are associated with dark color and would not .

be salient from dark colored background, particular at low lighting condition. The best

“choices for the marker’s colors are red, orange, and yellow colors. They are typical color

use on signs to grab our attention. Red is considered to be the most striking color. It
grabs ones attention and actually speeds up the body’s metabolism. Orange is also used
to attract attention. It can give a bright, splashy, and aggressive sensation. Along with
red and orange, yellow is also one of the most noticeable colors. Yellow contrasts well
with the predominantly dark background and especially with the green coloring of trees
and grass. Because the marker must contrast with dark colored background, yellow was
chosen as one of the colors to be use on the MVLF. The other color of the marker must
contrast with light colored background thus the best color to accommodate the yellow
would be either the red or orange color. Although the complimentary color of yellow
was purple, it was not suitable due to reason stated earlier. And because there are various
saturation of red, orange, and yellow colors available, it must be determined specifically,
which two are the optimal combination. Using a scale of 1 in. equal to 10 fi, several 3-in.
circular disks were constructed with differént color combinations. The small colored
disks were placed on the ground with different backgrounds such as green grass, white
snow, black asphalt, and light colored concrete pavement. Observations were made from
various distances to see the perceptibility of the color combinations. Ten observers were
asked to make subjective judgment on the color combination that is most visible and most
conspicuous. Observations were made from three directions relative to the sun’s position
including having the sun behind the observers, behind the sample, and to the side of the .
both the observers and the color sample. Figure 9 illustrates some of the small-scaled
samples used for the color combination testing. The results from the test where the sun
was behind the observed and to the side are relatively similar and are given in the Table

The appearance remains relatively the same when viewed w1th the sun positioned behind
the color samples. The only difference was that the color yellow appears as white even at
a relatively short viewing distance. The other colors accompanying the yellow were

" visible; however, the distance that they can be seen was significantly reduced. Another

reason that the color red was not recommended was the fact that red and green color
blindness is the most common form of color vision abnormality. Even though pilots are
required to pass certain vision examinations, those with color deficiency are allowed to -
fly with a daytime-flight-only restriction (Federal Aviation Regulation 1997).
Consideration for GA pilots with color deficiency was thus made when choosing the

- MVLF marker’s colors. Therefore, the most visible and distinguishable color

combination was the regular yellow and tangerine orange color combination. Figure 10

- shows the MVLF marker with the color combination chosen for maximum visibility and
~ conspicuity. It should be noted that exposure to environmental conditions might cause

the color to deteriorate due to oxidation or layers of contamination. Periodic maintenance
may be required to remove contamination such as layers of dirt, bird droppings, and

#
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insects. Simple cleaning tools may be used; that is, a mop attached to an extendable pole
to reach the top of the structure and a bucket of water. It is recommended that the
structure be scrubbed at least once a year. To determine when the deterioration has
exceeded the acceptable limits, a tolerance chart should be used (Federal Aviation
Administration 1991).

4.3.1¢ Vinyl Film Adhesive

In the attempt to experiment with different color combinations, it was discovered that the
commonly available paint material does not bond to the vinyl fabric of the structure,
especially when the surface 1s constantly flexing due to wind gusts. Thus, a different
kind of material was used to create various color schemes for conspicuity of the marker.
Vinyl film adhesive normally used in the sign graphic industry for the design of signs,
banners, and decals was discovered to be the best material. Furthermore, it offers a large
variety of colors to choose from, and offers more colors than are available on the vinyl
fabric membrane. The use of both accelerated and real life testing ensured colorfastness,
dimensional stability, and adherence to the surface. More importantly, the durability of
the coloring of the viny! film is much longer than that of the vinyl fabric. The vinyl film
can withstand extreme outdoor applications for as long as seven years, compared to the
five years for the vinyl fabric, based on the length of the material’s manufacturer -
warranty. The most important advantage of the vinyl film adhesive over the vinyl fabric

is the surface texture. The surface texture of the material can affect perceived differences . -

- in visual contrast (Bentzen 1994). Smooth textures tehd to reflect light directly, whiie
rough textures tend to scatter light. The surface of the fabric is rough and does not reflect
light as much as the smooth, glossy finished of the vinyl film adhesive. The cost of
covering the entire structure with vinyl films is also less than purchasing colored vinyl
fabric panels. To cover a 30-ft diameter structure it would cost $3,000 for new color

- fabrics, whereas it would cost only $1,200 for viny! films adhesive, Normally when

purchasing a new structure, it would cost an additional $900 for colored fabric. Thusone - -

implementation could be to purchase the colored fabric for the structure, and cover the
structure with vinyl film adhesive five years later. The best alternative would be to
purchase a structure with white fabrics, cover the panels with viny] films adhesive, and
then erect the structure. Applying this vinyl tape requires little effort, simply peel, stick,
and squeeze out any trapped air. It was extremely difficulty to remove the material once
it has fully bonded to the fabric. Appendix VI contains the color and product catalog of
two vinyl film adheswe manufactures, Arlon and Umversal Products Inc, respectively.

4 3 1d MVLF Marker Marking Pattern

In advisory circular AC 70/7460-1H(1991), the FAA recommends various types of
patterns for markmg structures that qualify as obstructions in aviation airspace,
depending on the size and shape of the objects. Objects with both horizontal and vertical
dimensions not exceeding 10.5-ft should be colored in solid aviation orange. Checkered
. pattern with altemating rectangles of aviation orange and white are used on structures
larger than 10.5 ft across and that have a horizontal dimension greater or equal to the
vertical dimension. The size of the rectangles should not be léss than 5-ft or more than
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20-ft, corresponding ta 25 fi* and 400 fi® area for each box on the checkered design
pattern. Figures 11 and 12 illustrate the marking pattern for water towers, storage tanks,
or similar structures. For a 30-ft diameter Sprung Instant Structure, the are of each panels
is approximately 190 fi®. Because this value is near the middle of the FAA's specified
range, each MVLF panel should be solid in color. Unlike larger structures such as a
water tower or a grain elevator, there is not enough surface area for a checkered pattern.
The selection of the solid color panel design was also confirmed by simulated computer
graphics. The appearance of the marker with solid paneling, along with 2- and 3-layered
checkered pattern designs were evaluated using a computer drawing, see Figure 13, This -
figure contains images of the marker at 1.3-, 2.0-, 3.3- and 5.1-SM if the figure is viewed
from 20 ft away. As the distance increases from 1.3- to 5.1-SM miles, the structure
decreases in size, and the marking become smaller. Although the 3-layered pattern may
be more conspicuous at 1.3 SM, the pattern was the most difficult to perceive at 5.1 SM.
The solid colored pattern remains perceptible for the furthest distances. Above all,
checkered pattern should not be use because a pilot may assoc1ate the structure as an
obstruction, not as a MVLF marker.

‘One other design criteria for the MVLF marker are the number of panels. For the 30-ft
dia structure, there were eight panels, i.e. four tangerine orange alternating with four .
yellow panels. From a specific direction, the maximum number of panels that can be
observed is three. This is illustrated in Figures 14 and 15. In Figure 14, it can be
observed that there are two orange panels separated by a single yellow panel. This could
obscure the marker if viewed against a dark colored background, as only one yellow
‘panel would contrast with it. In the second figure, there is one tangerine orange panel
between the two yellow membranes. Against a light colored background, detecting the
marker can be difficult. Only one orange panel is providing the contrast needed for the
marker’s detection. Furthermore, the pilot should be able to scan the horizon for the

. same number of color combinations, that is two tangerine oranges and two yellows. A

40-ft dia. Sprung Instant Structure has ten panels and, from a given direction, the

" maximum number of panels that can be observed is four. Figures 16 and 17 illustrate a

scaled drawing of both 30- and 40- ft diameter structures and the pilot’s viewing
perspective from a particular direction, at far distance. The numbers of panels for the

. .structures are 8 and 10 for Figures 16 and 17, respectively. For both structures with elght
- panels, the observer sees three panels. For the ten panel structures, four panels are

observed. Thus it can be concluded that the number of panels is dependent of the number
of total panels and the structure size. Since the 30-ft dia structure has a maximum of 8
panels, the 40-ft dia structure with 10 pancls should be the minimum size structure used
as the MVLF marker.

4.3.2 Nighttime Detection of MVLF Marker

Nighttime detection is a function of the lighting characteristics of an object. The
following sections discuss the flashing beacon component of the MVLF marker. It is the
beacon that will attract and notify VER pilot the position of the marker at night. First,
findings from various researches on light flashing characteristics are summarized. A
discussion on the light intensity including the current 'FAA specification on obstruction
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lighting intensity and the expected visibility in partlcular meteorologlcal conchtlons is
also presented in this section.

4.3.2a Flash Technology Beacon

There are several studies about obstruction lighting that yield pertinent information for
the flashing characteristic of the MVLF beacon. One study included the Applied
Psychology Corporation (APC) (1963) evaluation of obstruction lighting flash rate. In
1962, the APC conducted a comprehensive study of the conspicuity of tall radio and
television towers for the FAA. In reference to flashing lights for towers, the study
concluded that no significant conspicuity advantage could be obtained from a flash rate in
the range of 30 to 120 fpm. Subjectively, pilots preferred flash frequencies of from 80 to
90 flash rates. Another research deserving some discussion is that by the National
Aviation Facilities Experimental Center (NAFEC) (1969). In a 1969 final report, the
NAFEC discussed parameters and preferred operational characteristics of obstruction -
lighting systems for tall-tower. The purpose of this study was to obtain the operational
parameters that would identify an obstruction for a pilot with at least 3 miles separation
during 3-statute miles meteorological visibility conditions. The light beams were set to-
rotate at 20-, 40-, 60- and 80-revolution per minute. The flash rate was chosen based on
the preference of the pilot subjected to various flash rates. As a result, 20 fpm or slower
were too slow because the pilot would lose tower position between flashes. Faster than
80 fpm has too short of a flash duration and a loss of belonging occurred. The two rates

-most chosen were the 40- and 80-fpm. However, the 40- fpm had 160 percent more

effective intensity and thus was selected as optimum.

According to the literary review, a ﬂash rate of 80 fpm seemed to be the optimal setting

" foraMVLF beacon. For the field evaluation, the beacon from the previdus study on

lighted VFR flyway marker will be used. The greatest improvement on this beacon is the
modification of its flashing sequence. The beacon, with some rewirinig of its circuit

- board, is capable of flashing at different rates. It can be program to flash 90 times per

minute. The original flashing signal was four quick pulses, representative of Morse code
signals for an “H,” at 120 fpm. Although this signaling was quite easﬂy detected and
identified, it was designated for heliports and thus was no longer unique. A
misidentification can lead to a darigerous situation for helicopter pilots who may
mistakenly identify the marker as a landing pad. Thus, the flashing sequence was
modified to give a unique sequence. For the flight observation purpose, a three quick
pulse signal, representative of a Morse code letter “S™ will be used. It was determined
that this sequence can be easily distinguish from general obstruction lighting and heliport
lighting. The total number of flashes per minute for this study is 90 fpm. Another
improvement on the beacon will be to install a light-sensitive photecell sensor unit. This
lighting detection device can determine the condition of the surrounding environment
thus enabling the control of the beacon to be fully automated. The sensor can distinguish
among the three lighting conditions, namely day, night and twilight conditions.
Additional light, such as a strobe light similar to the ones used on emergency vehicles,
can be installed to project directly upward. This light can serve as an additional
identification light. In addition to the flashing beacon, another test was conducted to
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determine whether illuminating the marker from the interior would be beneficial in
nighttime detection and identification of the MVLF. However, results from the flight
evaluation have indicated that this method was not beneficial in making the marker more
conspicuous at night. The marker can only be observed from well within a distance of -
less than 1 SM. It also required many lighting units, which consumed a significant
amount of electrical power. '

As far as informing to the pilot the change in direction of the lighted flyway route, three
lighting beacons, capable of being programmed to flash simultaneously, should be used. _
The beacons should be positioned so that the pilot may determine the new heading from

- his current direction. As leamed from a report on lead-in runway lighting systems by

Paprocki (1997), the recommended spacing for the lighting beacon is 120 ft, same as the

. suggested length for the marker structures at this particular location.

4.3.2b MVLF Flashino Beacon Color

* Several colors were con51dered for the MVLF flashing beacon. Although red was the

most striking color, it should not be use because it is associated with obstruction lighting.

~ Pilots are accustomed to the fact that red represents danger and it would not be useful for

the MVLF to flash in red color. Other colors including orange and yellow were tested; -
however, they could not compete with the background lighting. Both lights would blend
with the background lighting that appears as ‘amber’ in terms of color. Green colored
light was also considered, but the fact that a pilot may mistakenly identify a marker as an
airport in an emergency situation disqualifies this color. The other color that may be
suitable for the MVLF flashing beacon was blue. Several blue transparency films were
used to line the interior of the beacon’s cover. The transparency filtered the white light
and it would appear as flashing blue lights, similar to taxiway light color. The blue light
was very apparent from close distance during nighttime, However, during the daytime its -
visibility was limited to less than 1 mile. More significantly, nighttime flight
observations in the Chicago area have indicated that the blue light blends with the
surroundings and appears white with background lighting. Thus it was decided to use
white light, which can be observed from the furthest distance, for the MVLF beacon.
Only the flashing characteristic and intensity of the beacon would be available to attracts
and notify the pllots of MVLF markcr positions.

4.3.2¢ MV LF Flashing Beacon Intensity

The results obtained from research conducted by the Applied Psychology Corporation
(1963) and the National Aviation Facilities Experimental Center (1969) yielded useful
information on lighting intensity. This information is use to design the MVLF beacon
intensity. -Although both obstruction and MVLF lighting must be easily detected,
obstruction lighting must convey warning and avoidance, while the MVLF must serve for
guidance and compliance. In its recommendation, the APC suggested that towers be
equipped with at least three white lights of 100,000- to 200,000-candles. In the

. NAFEC’s final report, the recommended intensity settings for obstruction lighting was
~ determined to be 10 percent of maximum (200,000 candelas) at night, 50 percent during

daytime, and 100 percent candelas during poor visibility. When flight approaches were
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made with the sun behind the tower, particularly when the sun was near-the horizon, the
obstruction light system could not be detect from 3 miles, even at full intensity.
However, the tower markings were visible, although the report did not specify the color
combination used. Another important standard is the FAA advisory circular AC

© 70/7460-1H that contains standards on lighting of tall structures. Appendix II of the

advisory circular contains the rationale for obstruction light intensities, which is based on’

the aircraft airspeed, minimum safe altitude, and basic VFR weather operating
minimums. The distance under which various intensities can be seen under
meteorological visibility of one and three statute miles are shown in Table 2.

Meteorological visibility is referred to as the greatest distance that visibility markers or
light of 25 candelas can be seen and identified under specified conditions of observation.
This term is expressed in statute miles. A pilot operating an aircraft at 165 knots (190
mph) or less should be able to see obstruction lights in an ample amount of time to avoid
the structure by at least 2,000 ft horizontally under all condition of operations. Another
FAA specification on obstruction lighting equipment is AC 150/5345-43C. Three types
of equipment are covered including high intensity flashing white lights (1.-856), medium
intensity flashing red or white lights (L-866), and red steady-burning lights (L-810).
Obstruction lighting is divided into four systems, each requiring different equipment and
intensity settings. System A requires L-856, high intensity obstruction lighting for day

. and night identification of chimneys, poles, towers, and similar structures. System B also _

uses the L-856 but for day and night marking of power line supporting structures (the L-
866 may be used for catenaries). System C uses L-810 and 1.-866 red obstruction
lighting systems. System D is applicable where a dual obstruction lighting system is
required. For the D system, System A or System B is used for day and twilight
operations and System C is incorporated for nighttime operation. Tables 3 to 6 show the
required intensities of the light units for each system.

The flash rate of each system is different. The lights for Systern A should flash
simultaneously at 40 fpm. For System B, the flash sequence is similar to the
International Civil Aviation Organization’s recommendation, i.e., the middle light should
flash first, followed by the top, and then the bottom light with the total flash cycle of 60
fpm for each light. Finally, if a flashing light is used in System C, then its flash rate

‘should be in the range of 20 to 40 fpm. The flash duration should not be less than 1/2 ndr

more than 2/3 of the flash period.

" The beacon used in the evaluation of the MVLF in the Ch1cago Class B Alrspace
environment is capable of 8,000 and 3,000 candela settings. Because the beacon was
mounted on top of the marker structure, it was mounted at a relatively low position from
the ground. As aresult, lighting intensity higher than 8000 candelas would cause a
disturbance to the surrounding community. Thus only 8,000 and 3 ,000 candelas were
tested for the evaluation of the MVLF marker.

-FA
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4.3.2d MVLF Flashing Beacon Shield Desion .

To distinguish the flashing sequence from the background lights of the metropolitan area,
a relatively bright light with quick flashing sequence was used. - Although there is not
sufficient data on the disturbance of this particular lighting beacon, it is believed that the
flashes can be an annoyance to the general public. As was noted in FAA advisory
circular, AC 70/7460-1H, that higher light intensity than 2,000 candelas at night with 3

~ SM of visibility could generate a residential annoyance factor. Castle (1985) also

reported that lighting intensity was reduced to 4000 candelas to avoid complaint from

- people on the ground. This can be detrimental to the implementation of the marker

within the Chicago metropolitan area. Thus a shielding device was designed and tested
to see whether it could shield the light from the ground level. Figures 18 and 19 illustrate
the design and assembly of the shielding device for the MVLF beacon. The top of the
shield is slightly lower than the middle portion of the beacon itself. This is because the
middle of the fresnel lens magnifies the lights, enabling it to be visible from greater
distance. The shield was designed so that an additional segment can be fitted onto it to
block the light in the case where there is a tall building existing near the site of a marker.
The added section will only be used if the flashing beacon causes a problem for
occupants of tall bu11d1ngs nearby.

' .5.0 Flight Evaluation of the Modified VFR Lighted Flyway Marker

For the flight evaluation of the MVLF marker, pilot characteristics and capabilities were
taken as a design constant. It is important to take into consideration the fact that a pilot’s
visual threshold value involved meteorological, photometry, and psychophysical '
relationships (Applied Psychology Corporation 1963). Depending upon conditions both
inside and outside of the cockpit, individual pilots would respond differently to the same - -
stimulus. For example, color perception, eye fatigue, eye adaptation, search time, cockpit
illumination, and cockpit management are some of the internal conditions. During
daytime flight, the external factors influencing the detection of an object is a function of
several variables including the reflectance of the structure, the meteorological conditions,
the position of the sun, the direction of observation, and how well light travels through

the atmosphere and the background. For flight evaluation conducted during nighttime,
external factors include the target light lnminous intensity, light flux attenuation through -

- the atmosphere, and the dlfferencc in bnghtness of the light versus the background

Because each season creates unique background conditions, it was necessary to conduct
flight observations for all different scenarios. The test was divided into four major
phases: spring, summer, fall, and wintertime testing. The first test cycle was completed
in July and August during the summer of 1997. The marker’s test sife was the University
of Illinois’s Advanced Transportation Research and Engineering Laboratory (ATREL)
located in Rantoul. This facility is located near the Rantoul airport, a Class G (with an
overlaying 700’ AGL Class E transition) environment. Various colors and pattems, as
well as different lighting characteristics were tested at this location prior to the relocation
of the marker to the Chicago area test site. Although the area is not as congested as the

city of Chicago, many useful results were obtained from flight observation conducted
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over the marker at this test site. The marker was situated on a particularly vacant area, .
with asphalt pavement as the foundation. There are no tall objects near the marker and
thus it can be viewed from all directions. During the summer months, the full
blossoming of the natural surrounding influences the primary background color and its
effect on the marker conspicuity was studied. ATREL was also the test site for the fall
and winter testing cycles as well. Due to limited funding, input from the University of
Iilinois aeronautical students was also taken. Flight instructors, along with their students,
commented on the visibility of the marker as they conducted flight exercises over the
Rantoul airfield. Their comments were also taken into consideration when designing the
MVLEF. In the fall, flight tests occurred during the months of October and November.
The changing of color and falling of leaves can created a yellow and orange background,
the same colors use on the marker. Therefore, it was important to determine if the marker
would be salient in this background. Next, snowfall during the winter months blanketed
the terrain with white color creating a unique background scenario. It was necessary to
see if the marker was noticeable in this background, more importantly, whether the
marker can shed snow, as claimed by the manufacturer. Finally, the complete flight

. observation of the marker was concluded at the Schaumburg Regional Airport, see Figure
6. As soon as the Schaumburg Regional Airport Board of Trustees gave their permission
the structure was quickly dismantled and relocated from ATREL to Schaumburg. The
airport serves GA aircraft and is located approximately nine miles west of the O’Hare
Airport. Class E/G airspace exists in the vicinity of the airport from the surface to
1900°MSL. O’Hare's Class B Airspace is above this and extends from 1900” MSL to -
10,000° MSL. In addition, this facility is surrounded by a very populated area and is
occupied by one of the largest residential and central business districts among the suburbs
of Chicago. The environment of this location was ideal for the Class B airspace

environment assessment of the MVLF. Final testing and evaluation was initiated as soon

as the marker was erected in March. Flight evaluation continued for the next two
‘months, including flight observations by representatives from the IDOT Aeronautical

- Division. For this test cycle, the ground was predominantly grayish black and light
brown. It was the transitioning period when the winter snow had melted, leaving the
ground surface bare and without the green coloring of the trees and grass. Appendix VII
contains the sample pilot evaluation forms for the MVLF flight observations.

For the MVLF flight observation, the altitude chosen was 1,800 ft MSL, the highest
possible without protruding into the lower 1,900 fi ceiling of O’Hare Class B Airspace.
The 1,800 ft altitude is also much closer to the actual altitude flown by GA pilots when
transitioning through the area. One pilot and an observer conducted the official flight
tests. For the flight observation, there were three test-flights during different periods of
the day to account for various illumination effects. Each test-flight consisted of two
flights during the daytime and once during nighttime. Daytime flight observation must
account for the position of the sun, which may interfere with the visibility of an object, as
discussed in Castle’s 1985 report to the FAA, Thus, one segment of the daytime flight
was conducted during the mid-day period when the sun is roughly on top of the structure.
The other was during the late afternoon, when the sun is nearer to the horizon, where both
occupants had to deal with the glare of the sun from the west. This was perhaps the most
. demanding test because it is difficult to see and avoid other aircraft or obstructions. The
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flight approach for the late afternoon/early evening test was from three different
directions. The first was flying toward the marker with the sun positioned behind the
airplane, flying at a heading due east. The second was flying toward the marker with the

- sun either to the left or the right side of an imaginary line between the airplane and the

marker, or at a heading of north or south. The last leg of the test was to fly toward the -
marker with the sun p051t10ned behind the marker to see if the marker can be detected and
identified while the sun’s glare interfere with the perceptibility of the. marker. The
midday and n1ghttune tests require one approach each, less than the required for
afternoon/evening daytime testing. The approach for mid-day flight was relatively
insignificant, although the city of Chicago was used to provide congested environment.
For the nighttime observation, the pilot flew toward the marker with the central business
district of the city of Chicago in the background. This created the most background
lighting to obscure the marker’s beacon. Data were recorded from both the pilot’s and
the proctor’s observation.

Based on the result obtained from careful flight evaluation of the marker in the Class B
airspace environment, it was determined that the structure should be further increased in
size. It was possible to detect the 30-foot diameter structure at approximately 5 to 6
miles. From 3 to 4 miles, the marker was easily identified. With the sun’s glare
however, the distance from which the structure was observed was significantly reduced.
The distance that the structure became visible, while looking in the direction of the sun’s

- glare, was less than 1 mile. The colors were not noticeable until a short distance of 0.5

SM. Using a larger structure would constitute a marker that is more visible and more
conspicuous within the Chicago area. It is recommended that the minimum size for the
MVLF structure be 40 ft in diameter by 18 ft in height.

From the field evaluations, results have indicated that 3000 candelas light was not salient -
in the Chicago background lighting. It could be seen from only 2 to 3 SM. The 8000
candelas performed quite well in providing efficient and effective lighting. With this

" setting, the flashes could be observed as far as 6 to 7 SM. If the pilot can observe two or ‘

more markers at the same time, then he can nav1gate by usmg the spatlal relatlonshlp
based on the marker lighting position, :

From nighttime ev'aluation results, lighting the interior of the marker was not beneficial in
making it more perceptible at night. In contrast it would disturb the local residence
nearby, impairing the implementation of the MVLF in the Chicago area. The flashing
beacon alone, with its intensity and unique flashing characteristic, was conspicuous;, as
well as apparent, over a large distance. Dirt on lighting elements and surfaces from
which light is reflected or through which it is transmitted also affect perceived color and
contrast. Thus, frequent and proper cleaning of the lighting would be necessary.

6.0 Recommendation for VFR Lighted Flvwavy Marker

The marker should be further increased in size. For daytime detection, lising a larger

" structure would constitute a more visible and more conspicuous marker within the

Chicago area. It is recommended that the minimum size for the MVLF structure be 40 ft
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and yellow for maximum visibility and contrast with both light and dark colored
background. The flashing beacon from earlier testing of the MVLF in a rural area was
sufficient when tested within the Chicago metropolitan area. The flashing sequence .
should be modified to a Morse code °S’ to prevent pilot from mistaken the marker as a
heliport. The light’s minimum intensity is 8000 candelas and should be white in color. i,
The spacing distance for the markers should be 3 SM. Where two segments adjoin one ol
another, two special marker structures with three beacons flashing simultaneously must o
be used. Shield device must be part of the beacon to block the light from disturbing the ' [ ’f
- residence nearby. The beacon may be situated on a pole, 30 feet or taller in height, ;
‘adjacent to the structure. This would increase the hight’s effectiveness, as well as the _ )
shielding device’s coverage area. The fabric panels of the marker will require cleaning [ 1
once or twice a year, as its surface can be contaminated from deposits on its surface. ‘
Perimeter fencing must be installed to protect tampering with the marker. Water towers
. or other structures that are located along the selected routes can be use as a MVLF .
marker, provided that they are marked with the same color scheme and hcrhted with the Lot
type of lighting eqmpment as the MVLF marker 5.

in dia. by 18 fi in height. The panels should have alternating colors of téngerine,’orangg' S { :

For the purpose of implementing the MVLF in the Chicago Class B Airspace, it is
recommended that two or three MVLF markers be built and evaluated within the vicinity.

The first testing may focus on the lighting aspect of the MVLF. It would be quite o ' li ”
“economical and relatively éasy to install the lights around the metropolitan area. As B

previously mentioned, the MVLF is most beneficial during nighttime flight when it is .

difficult for the pilot to determine the position based on ground reference. 1t should be {

examined whether these lights can covey a specific heading to the pilot.

6.1 Modified VFR Lighted Flyway Marker Route R | L

A route for the markers is suggested for the implementation of the MVLF to assist

general aviation pilots'in transition around the complex Chicago Class B Airspace. The
fact that most pilots preferred to fly in a constant heading or course direction, the route . .-
will consist of several segments. However, the number of segments will be minimized as
much as possible to facilitate the use of the lighted flyway marker system. Other factors
include the physical dimensions of the existing and future airspace of the Chicago area,
the existing VFR transitioning routes, as well as obstruction structure data obtained from
the FAA regional office in Des Plaines, lllinois The data are plotted in Figure 20 (see
Appendix VIII for structure data). This figure includes structures that are greater than
200 ft AGL, penetrate a 100:1 piane off a runway, or for which notification to the FAA i
were provided. Although data for structures less than 200 fi high were available, they l B
were omitted from the figure for clarity of presentation. Only structures between 201 ft _

and 499 fi, and taller than 500 fi, were plotted. "As was proposed, the distance between z
the aircraft and the centerline of the marker would be 1 SM, creating a 2 SM spacing ‘ '
distance between aircraft traversing in opposite directions. To determine the MVLF
route, a specially marked transparent template on which three parallel lines have been
drawn is used. . The middle line represents the route centerline and the distance between it
and each of the outside lines is equal to the 1 SM. The two outer lines represent the flight

[
v



paths of aircraft flying in opposite direction of one another along the route. This concept -

- of using the transparent template was similar to the procedure used for determining the

runway orientation on windrose diagram. The template was positioned on the plot of
FAA obstruction data. One of the objectives was to locate a MVLF route so that the

- inner loop does not cross any obstruction. In addition, aircraft flying the inner loop must

‘maintain the required 1000-ft above the highest obstacle within 2000t horizontally
criteria. The inner route has a higher priority than the outer loop because the altitude of
the inner loop 1s much lower than the outside loop. Nevertheless, the outside loop did not
cross over obstruction structures for more than a few instances where it was unavoidable, -
More importantly, the 1000-ft minimum within 2000-ft horizontal radius was not
violated. By avoiding tall objects, the pilot has one less factor to be concern about when
flying in a heavily congested area.

The MVLF route was also based upon the common traffic pattern flown by general
aviation aircraft through the area. Most of the GA pilots fly relatively close to the 10- or
6-NM radii of O"Hare and Midway. Thus a route closely resembling the actual fiight
pattern flown would be used most frequently and be more beneficial in providing visual
navigational aid to GA pilots. With all of the above factors taken into consideration,
several segments of the MVLF route are shown in Figure 21. The recommended route

 closely resembles one of the existing VFR flyways, with the exception of the southern

most segments. The southern most leg of the MVLF marker was designed to :
accommodate the possible airport to be built near the city of Peotone. It would run along
the center of the opening between the existing Chicago and the proposed SSA Class B
Airspace. Figure 22 illustrates the suggested MVLF route overlaying the current Chicago
Class B terminal chart. ' ' '

The new air to ground visual navigation was designed to alleviate traffic from the C lass B
airspace, however, it may impact traffic patterns of the Class D airports and other non-

-towered airport within the area. The Class D airports near the Chicago area are Aurora,
 Dupage, Gary, Palwaukee, and Waukegan. The proposed marker route is expected to

have the least impact on the Aurora airport. This is because the airport is located furthest

- away from the proposed route. Moderate changes are expected for the Palwaukee and

less for the Waukegan because both airports are located near the already existing VFR
flyway. The proposed lighted-flyway nearly coincides with the existing flyway near
these atrports. The Gary airport may be expected to have more activity and income as a
result of the proposed MVLF flyway route. The airport could serve as the starting or
stopping point for pilots prior to entering or immediately after leaving the MVLF route.
However, pilot may enter the route at any point along the segments and may not interfere
with the airport current level of activity. The Dupage Airport would feel the most impact
from the proposed system. The MVLF route protrudes into the Dupage airspace. This

'was unavoidable because moving the route further east would be detrimental to attracting

pilots and the MVLF usefuiness. Furthermore, this segment of the MVLF coincides with
one of the existing VFR flyway. Other non-towered airports expected to be impacted by
the MVLF route are Clow International and Lemont (private) airfields. Lambert private
field is located near the outer loop and should not be influenced as much by the route. In
any case, the MVLF would have an impact on the overall activity and traffic of the region



and an aviation airspace specialist should be consulted. The scope of this report was to
introduce an example of where a lighted flyway marker may be used.

The optimal spacing distance of the marker was determined td be 3 miles. The
longitudinal and latitudinal coordinates of the points on the segments, along with each
segment length, are listed in Table 7. Figures 23 through 25 illustrate each portion of the
MVLF with the proposed altitude and direction. The two lines running parallel with that

designated for the MVLF route represent the spacing between the aircraft and the markér '

from opposite direction along the route. The aircraft symbol is not drawn to scale; they
are used to indicate the recommended direction for flying via the MVLF route. Finally,
should the SSA be built in Peotone, reconsideration and alteration on the proposed
MVLF routes may be necessary. :

6.2 Modified VFR Lighted Filvwav Marker Crui_singl Altitude

" To provide a minimuim vertical separation between VFR aircraft, the FAA established
VFR Cruising Altitude {Federal Aviation Regulation 1997). The MVLF cruising altitude
is designed to establish a vertical separation for aircraft traveling in opposite direction. In

" addition to the recommended cruising altitude, a MVLF traffic flow pattern was given to
provide horizontal separation between VFR aircraft. By maintaining not only the vertical
separation, but also the horizontal spacing, the level of safety for VFR traffic is increased.
Other consideration includes physical dimension of the airspace, elevation of the highest
obstruction and terrain in the area along the flyway route. To provide horizontal

" separation between two aircraft, the MVLF route is divided into two loops each one for -

opposite flying direction. The inner loop was designated for flying clockwise and the

outer loop for flying counter clockwise. It is similar in concept for the flow of
automobiles on a two-directional road. The function of the MVLF marker is similar to

. the centerline or median, separating traffic traveling in opposite directions. When flying

clockwise along the inner loop, the pilot must keep the marker toward the left side of the

aircraft. Alrcraft flying counter clockwise on the outside loop must also keep the marker

toward the left side of the aircraft as well. By keeping the marker to the left of the
airplane, it can be easier to detect and identify by the pilot in command, who is seated in
the left seat of an aircraft. It would also allow maximum exposure of the marker within
the line of sight of the pilot in command. More importantly it establishes a flight pattern
for aircraft ﬂvmo via the MVLF route. The recommended distance between the aircrafi

and the marker is one mile, giving a total space of two miles between aircraft traveling in .

opposite dlrectlons

" All of the segments of the MVLF route are located underneath the O"Hare airspace where
the lower ceiling 1s 3000 fi MSL or higher. The recommended altitudes for the outer
loop are the same as the maximum suggested altitude for the VFR transitioning route,
2,500 MSL. It was desired to create a vertical separation between GA aircraft flying in
opposite directién. Thus the inner loop will be lower than the outer loop. The inner loop
of the MVLF is closer to the O'Hare airport, where the lower ceiling of its controlled
airspace is only 1900 MSL. Although none of the segments are located underneath
portion of airspace with 1900 MSL as the lower ceiling limit, the altitude of the inner
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loop must be designed to accommodate for incidental intrusion into that area of airspace.
Thus the altitude was determined by taking the difference between the O"Hare Airport
lower ceiling elevation (1900} and the highest obstacle elevation (1700) encountered
throughout the entire route and dividing by two (1,900 — 1,700°= 200, 200/2 = 100). The
result added to the highest obstruction heights yielded an inner loop altitude of 1,800
MSL. The separation between opposing traffic on all segments of MVLF routes is 700
feet vertically. Should a pilot unintentionally wander into that 1900 MSL lower ceiling
area, then the controlled airspace will not be violated. '

The altitudes recommended for both inner and outer loops of the MVLF route are not the -
spemﬁed altitudes. The Federal Airmen Regulations do not prescribe any mandatory
cruising altitude for VFR pilots flying below 3000 ft AGL, The final responsibility
remains upon the pilot who must remain clear of the CIass B airspace and mamtam the
proper terrain clearance.

6.3 Recommendation on Site Selection

Several physical dimensions must be taken into consideration, in addition to certain
design criteria, when selecting the location of a marker. The basic requirement for a site
15 that the surface is relatively flat, and has drainage capability. Adequate relief from rain
and snow, such as the installation of dramace or a heating unit, must be provided if
necessary. A grounding rod should be installed to avoid damage from lighting. In

" addition, the structure must be anchored to resist wind gusts, and thus the surface type is

important. Several anchoring methods can be utilized depending on the characteristics of
the site. One anchoring technique is to use drift pins, which are more suitable for asphalt
and turf surfaces. Once in position, drift pins should be driven into the ground at an
angle through holes in the base plates of each beam. Sprung Instant Structure also
suggested that earth anchors could be used in conjunction with drift pins. These anchors
are installed inside of the base of the structure arch and driven into the ground. Once in -
position, a cable system is attached to the arch using a turnbuckle. Periodic i inspection
should be carried out to insure that the cables remain taut. -Another anchoring technique |
15 10 use concrete anchors. This type of anchoring is used when the structure has been

‘placed on a concrete footing, slab, or other similar structural material. Once the structure

is in position, fencing must be installed to deter theft, vandalism, and tampering with the
marker. Signs saying "DANGER HIGH VOLTAGE" can be very effective in
dlSCDLll'aUll'lU tampermu

The most significant factor when considering the location of a marker is obstruction to its
line of sight. Because the height of the marker is only 15 ft, there is an area clearance
requirement for maximum viewing of the marker. The marker should be located within -
an area that is free from obstacles, which can hinder its visibility to airborne aircraft. The
area can be divided into two zones: one that requires the area to be clear of all

- obstructions and ¢ne with a maximum height restriction. The obstruction-free area was

determined by simple geometry, taking into consideration the minimum cruising altitude
for aircraft flying within a-metropolitan area To enable detection from pilot ﬂymcr as
low as 500 ft AGL, 3 miles away from the marker, the area must be cleared at least 570-ft
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radius in all directions. Beyond this area lies a maximum height restriction zone. At 570
ft and beyond, an object may be 18 ft maximum in height and increase at a ratio of 31:1.
Thus, for every 31 ft horizontally away from the marker the maximum height of the
object would be increase by 1 foot. For example, if an object 1s 1140 ft away from the
marker, it should not be taller than 36 fi. Objects within the restricted area may hinder
the perceptibility of the marker. Furthermore, the beacon’s lighting sequence and
intensity may annoy the residents of buildings located within the marker area. To
overcome this problem, a shielding device was designed and utilized as discussed in an
earlier section. Another possible site for the marker would be on the roof of large
manufacturing storage or warehouse facilities. For this alternative, each facility is unique

- and requires specific consideration. Consulting with both the authorities in charge of the
specific building and Sprung Instant Structure technician is therefore a necessity.

6.4 Water Towers and other Structures as MVLF Markers

* As proven by other research, the optimal shape, based on a given area, for identification.
of an object is a circular shape. For a structure, this would imply having a spherical
shape, such as water towers. Furthermore, lighting of tall structures considered as’
obstruction hazards for aviation purpose can be substituted with a MVLF lighting system.
Thus the location of water towers and lighted structures within the proposed MVLF
routes will be collected. Earlier attempt of contacting government agencies did not
provide any significant data. Agencies including the FAA, United State Geological
Survey (USGS), 1llinois State Geological Survey (1SGS), lllinois Department of Public
Health have been contacted, but with little success of obtaining information. Other

~government offices such as the Metropolitan Water Reclamation District of Greater
Chicago and the municipals located along the route were also contacted regarding water
towers. However, the llinois Environment Protection Agency (IEPA) Division of Public

. Water Supply may have information on the location of water towers.within the Chicago -
metropolitan area. If data can not be obtained from the IEPA. then the best methods for
obtaining this information would be either from locating the marking on topographic
maps (1:24000 scale) published by USGS, or by manually collecting the data. Because
of the map scale, it would require scanning over many maps to cover the entire route of
the marker. A more logical approach would be to use a GPS system.. A data collector
can drive along the route and record the position of any water tower encountered.. The
minimum data includes the name of the municipalities and the longitude and latitude.

"' Other information such as the height, size, marking, and lighting of the structure will be

collected. 1t would be necessary to obtain the permission of the municipalities in order to

mark and light these structures as MVLF markers. It may be difficult to convince the
local authority to have their structure marked with two alternating colors. The marking
pattern for water towers and similar structures is illustrated in Figures 26 and 27. Figure

28 Wlustrates an actual water tower with marking pattern similar to the pattern

- -recommended for the MVLF marker. Structures other than water towers along the

proposed route may also be used. For example, oil tanks or salt storage facilities could be

used, provided that they are painted with the MVLF color scheme. MVLF beacon should
be positioned on top of a light pole situated nearby. The pole should be of sufficient
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height so that the light is positioned above surrounding buildings or any object that may
interfere with its.

7.0 _Cost Factors

An important issue concerning this project was the availability of an electronic navigation
instrument. There is some public opinion that questions the benefit of a ground visual
navigational aid. Because satellite global positioning system (GPS) has been available to
general aviation pilots for quite sometime, a ground visual navigational aid was deem
wasteful. However, it can be demonstrated that the marker benefit outweighs its cost.
The unit price of a GPS is in the range of $400 to $1,200 for a simple handheld model, to
as much as $5,000 for an on-board system. Furthermore, the capability of electronic
equipment varies significantly among different brands and models of the system. Each
requires a different level of efficiency from its operator for proper usage. Inscribed in the.
manual of a GPS, the operator is wamned that the system is continuously under
development and may be subject to changes. This could affect the accuracy and
performance of all GPS equipment. More importantly, a GPS can be misused or.
misinterpreted, and thus can be unsafe. During usage of such equipment, a careful
comparison must be made with all available navigation resources including other

- NAVAIDS, visual sighting, charts, etc. On most models, the information stored must be
. updated regularly (approximately every month) to ensure current information. This

means sending the unit back to the company or authorized service provider and belng

- without it for several days, an inconvenience for some pilots. _

Nevertheless, not all of the general aviation aircraft are eqmpped with GPS navigation
equipment. Furthermore, the efficiency of the unit depends upon its operator, who must
program, operate, and interpret the information correctly. Not all of the general aviation
pilots are properly trained to use this electronic device, as it is not a part of the training
involved to become a licensed private pilot. As mentioned above, the unit is vulnerable
to malfunction or becoming inoperative due to poor satellite coverage, signa!l
interference, loss of power, improper usage, etc. Thus a ground reference can serve as a
primary or a back up reference. The preliminary spacing distance proposed for the
MVLF was 3 SM, as this is the minimum VFR visibility requirement. Thus for a 90 mile
MVLF route, it would required 30 markers, costing a total sum of approximately
$420,000 (each marker cost $14,000; $11,000 for the 40 ft dia. structure plus $3,000 for
the beacon). However, the structure used for the marker is multifunctional, for example
it can be use as a storage facility as shown in the manufactunng brochure. In addition, it
was noted that a number of structures could be substituted with existing water towers that
are located within the MVLF route. Regardless, insignificant amount of money should
never be the limiting factor for saving lives. An air accident, as catastrophic as it may be,
can be more disastrous if it occurs within the vicinity of a mmetropolitan area. Lives of
those on the ground are also at risk when mid air collision occurs. The potential of this-
imminent danger can be reduced if pilots have more time to see and avoid other aircraft.
Lastly, the MVLF can be incorporated as part of the aviation navigational system in =

" conjunction with the GPS. Structures can be programmed as data points in the GPS

system, resulting in an even more efficient and effective method of navigation to
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transition through a complex airspace. Nevertheless, pilots could use the MVLF. marking
and lighting as a source of navigation information during flight in good weather

- condition. More significantly, the systems could also be used as a crosscheck reference

and as a back-up system in the case of electronic equipment failure or malfunction.

8.0 Summary

The modified VFR lighted flyway marker was thoroughly observed for its conspicuity
against various backgrounds. The design performs satisfactory throughout the initial

- testing at Rantoul Aviation Center and later at the Schaumburg Regional Airport. The

30-ft diameter Sprung Instant Structure was more conspicnous than the first VFR lighted
flyway marker prototype. However a larger structure would be even more conspicuous. |
More importantly, the minimum number of altematlng panels required is ten. Since the
30-ft diameter structure has only eight panels it is not suitable for detection and
recognition purposes. The recommended minimum size is 40-ft diameter. The tangerine"
orange and yellow colors proved to be more conspicuous than the FAA orange and white
color combination for marking obstruction. The orange contrast well with light colored
background while the yellow contrast quite efficiently with dark colored background.
The beacon with the modified flashing sequence was salient from the background
lighting of the Chicago area and can be used in the final design. However, the 8,000-
candelas beacon was ineffective during daytime evaluation and the structure was more’

- conspicuous. As the illumination condition deteriorates toward darkness, the

effectiveness of the light gradually increased while that of the marker structure gradua]ly
decreased. Thus higher intensity 200,000-candelas may be used if daytime detection of
the light is desired, as found in other studies. However, this intensity must be adjusted to
20,000 and 8,000 candelas for twilight and nighttime respectively to prevent the light
from disturbing the residence nearby. It is suggest that the light, with the specially
designed shielding device, be situated on a 30- to 45-ft pole. The pole would increase the
visibility of the flashing beacon to pilots and increase the coverage area of the shielding
device. With the flashing beacon situated at elevated position, the possibility that other

tall objects will block the light from the pilot field of vision is-teduced. Finally, a MVLF

route was proposed, including cruise altitude and traffic flow pattern. This route was

based on the location of the existing VFR flyways, the location of tall structures, and the _

elevation of the highest obstacle within the vicinity. The inner traffic has a lower -
cruising.altitude due to the fact that it is closer to the stepping-down ceﬂmg of the O’Hare

- Class B Airspace. The traffic pattern was established to ease the detection, as well as, for

the marker to remain in the pilot line of sight as long as possible. More importantly, it
was established to reduce the risk of collision between aircraft flying in opposite
direction. Finally, it was recommended that water towers or similar large structures be
used as the base component of the MVLF marker. Larger structures would constitute a

- more conspicuous object, increasing the pilot’s opportunity for visual detection and

identification of the marker.

Itis (-:oncluded-tﬁ.at a modified VER lighted flyway marker outperfonned its predecessor

quite significantly. It is recommended that the implementation be initiated to further
study the benefit of at least two MVLF markers in the Chicago Class B Airspace. With
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aviation traffic and other aviation activity would benefit from the increased safety and

efficiency as a whole.
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Table 1. Color Combinations and their Test Results

Color Combination First | Second Comment
Calor Color :
Any color/white Any White blend in with snow, only
' other color remain vistbie
Any color/bright Any Bright yellow appear as white
yeliow From a distance
Purplefyeliow - SRR Blend in with dark colored
5 ! Background, appear as black
Bluelyellow Appear as green and white
From a distance
Hot pink/yellow Appear as red and white
from far distance
Green/ yellow i Green biend i the greenery of

Forest and grass lields

Top Four Color
Combinations

Regular orange/yeflow - U

Becomes pale from a distance{4")

Red/yellow

Poppy red/yellow

Tangerine

orangefyellow |

Red does not reflect tight as well as
Orange under low illumination(3')

Almost as effective as tangerine/yellow,

but not during low iliumination{2™

-

Most conspicuous from furthest
distance at various dluminabion(isty |

Table 2. Obstruction lighting mtensities for various distances,

Time | Meteorological Distance Intensity
Period | wisibility (SM) (SM) {Candeias}
‘ 3.1 2,000
Night -3 2.9 1.500
1.4 32
1.5 200.0C0
Day 1 1.4 100.000
1 20.000
3 200.000
Day 3 2.7 100.000
: 1.8 20,000 ;
Twilight 1 1.0-1.5 20.060 :
Twilight 3 1.8-4.2 20,000

SM = Statue mile
Note' All intensity settings are (+/-} 25%
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Table 3. IntenStty settings for the L-856 System A

Beam Spread .

, Intensity -
Step Vertical Horizontal Minimum Peak
Day 3.0-7.0 360 100,000 200,000 |

Twilight 3.0-7.0 360 7,500 20,000
Night 3.0-7.0 360 1,500 4,000

Table 4. Intensity settings for the L- 856 System B.
Beam Spread _
Intensity
Step Vertical Horizontal Minimum Peak
Day 3.0-7.0 180 or 360 50,000 100,000
Twilight 3.0-7.0 180 or 360 7,500 20,000
Night 3.0-7.0 180 or 360 1,500 4,000
Table 5. intensity settnlgs for the 1.-866 flashing obstruction light.
‘ Beam Spread
- Intensity i
Step Vertical Horizontal Minimum Peak
Day 3.0 min 360 7.500 20,000
Twilight 3.0 min 360 1,500 4,000
Night 3.0 min 360 450 - 1,500
Table 6. Intensity settings for the L-810 steady-flash obstruction
light. ‘
Beam Spread Intensity
Step Vertical Horizontal Minimum Peak
10 min 360 14 33

L
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Table 7. Coordinates and segment lengths of the proposed MVLF route

Point Latitude . Longitude
Degrees | Minutes | Degrees Minutes .
A 42 17.75 87 48.6 Segment | Length(SM)
B 42 4.75 a8 11.5 AB 23
C 41 4575 . 88 1.5 BC 20.5
D 41 35 87 55.75 Cbh 19
E 41 35 87 30 DE 24

Note: The segments and points may be found in Figures 21-25 (Pages 52-56)
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The orange-yeliow-orange perspective of the MVLF with eight total panels.
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Figure 17. lllustration of four-panels viewing perspective for structures marked with ten panels.
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Point Latitude Longitude

r . b4 Degrees | Minutes | Degrees | Minutes
. S . CUTA T e [aras | e | asse
r | : B 42 475 88 115
s o 42'25 : C | 4 46.75 88 11.5
. v A\l D | a4 35 87 | 5575
B . . E 41 35 87 30
( ﬁ _ R \ \ Segment {Length(SM)
o AB 23
- BC 20.5
L CD 19

DE 24

88 . 87.75 -
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Figure 21. The proposed MVLF markér route for the Chicago area.
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Figure 22. The proposed marker route overlaying the current Chicago TCA map
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Figure 26. The proposed MVLF marking pattern for water towers, storage tanks, or simitar structures,
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Figure 27. The proposed MVLF marking pattern for water towers.
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Appendix I Current Activities and Fut_tﬁe Growth in Aviation.
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The FAA forecasts an increase in all aspect of aviation from commercial airlines, air taxi,
and general aviation to military activities. This is relevant to this research by establishing
the need for additional innovation to increase safety and efficient operation of airport
facility. ' .

The report entitled “FAA Air Traffic Activity Fiscal Year 1993" was published as a guide-
1o determine the need for larger or additional facilities, upgraded equipment at particular
facilities, and an increase in personnel at the existing facilities. The report provides the
terminal and en route air traffic activity information of the National Airspace System as
reported by the FAA-operated Air Traffic Control Towers (ATCTs), Air Route Traffic
Control Centers (ARTCCs), Flight Service Stations (FSS), Approach Control Facilities,

- and FAA-contracted ATCTS. From the dasa collected, the number of departures handled

by the Chicago center ARTCCS was 1,065,789, of which 259,762 were general aviation,
or approximately 24.3 percent of the total. The number of overflight activities reported in
this area was 528,140, with general aviation contributing 22,779 or 4.3 percent. Finally,
the number of aircraft handled by the ARTCCs in Chicago was 2,266,080, including 27.9
percent or 631,303 general aviation aircraft. The total number accounted for air carrier,

arr taxi, general aviation, and military activities. The number of activities at FAA FSS by
aviation category for the Great Lakes Region was 460,354 total for general aviation, of
which 282,512 and 177,842 were VFR and IFR, respectively. There are seven states
within the Great Lake region: Illinois, Indiana, Michigan, Minnesota, North Dakota, Ohio
and South Dakota. In Illinois, the total number of general aviation activities was 50,548

- -for general aviation, with 29,426 for VFR and 21,122 for IFR flights. An FSS is an air
traffic service facility within the National Airspace System, which provides several

aviation services. One of such service is to provide preflight pilot briefings and en route
communications with VFR flight. It also assists lost IFR/VFR aircraft, aircraft

* experiencing emergencies, and relay ATC clearances. It is the responsibility of the FSS

to originate, classify, and distribute Notices to Airmen, as well as broadcast aviation
weather and Notice to Airmen information. These facilities receive and close flight

 plans, monitor radio NAVAIDS, notify search and rescue units of VFR, and operate the

national weather telétypewriter systems.

In the June 1997 issue of Airport Business, Klinger summarized the FAA forecasts of a
continued growth for both commercial and general aviation activities. The article was-
based on the “FAA Aviation Forecast for Fiscal Years 1997-2008.” This forecast is a
continuous and interactive process involving the FAA Statistics and Forecast Branch,
other FAA offices and services, government agencies, and aviation industry groups. It is
used to determine the level of staffing and expenditures required to accommodate the
growth of aviation activity, and to maintain a safe and efficient environment. For general
aviation, the active fleet is expected to increase by 0.8 percent annually for the next
twelve years. This corresponds to an increase in active aircraft from 181,341 in 1996 to
196,600 in 2008. Growth was expected to be moderate in 1997 and then expand by
approximately 2,000 aircraft annually for the next four years and 1,300 aircraft a year for
the next nine years. Although this corresponds to a slight increase in active fleet (0.7
percent annually), the utilization of general aviation aircraft is expected to increase by 1
percent over the entire forecast period. The number of hours flown by general aviation
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will rise from the estimated 25.6 million in 1996 to 28.9 million in 2008. The total pilot

population will increase from 639,184 to 712,600 by 2008. The rise in student and
recreational pilots will rise from 101,511 in 1996 to 117,700 in 2008.

As reported in the second newsletter of the “South Suburban Airport Project 1997,
IDOT will be completing the technical planning work for building the South Suburban
Airport (SSA). The Environmental Assessment of the area, specified by the FAA, is’
being completed to explain the purpose and need for an aviation capacity increase in the
Northern Illinois region. The two airports serving the Chicago areas O’Hare and Midway
are operating at or near their capacity. Further expansions of the two existing airports are
not possible due to aviation traffic congestion and limited land space, see Figures Al and
A2. The environmental impact studies including air quality, biotic communities,
compatible land use, construction impact, and energy supply of the new airport will be

- presented in the report. The IDOT and the Chicago Southland Chamber of Cormmerce

have also appointed an international company, Infrastructure Management Group, Inc., to
manage fund raising campaign for the SSA facility. In 1993, the number of .
enplanements from O’Hare, Midway, and Milwaukee airports were 30.0, 2.7, 2.1 million,
respectively. By the year 2001, these numbers are expected to increase to 33.0, 6.6, and

4.3 million respectively, an increase 9.1 million. The projected number of enplanements _

within the Northem Illinois region is illustrated in Figure A3.
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Figure Al-1 Aerial view of the Chicago C'Hare International Airport
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Projected Distribution of Enplanements

by Chicago Area Airports

100
80
« 80
=
2 70 -
_:E 01 South Suburban
80 Airport
";’ ‘ DMirlevaukee
z %0 & Midway
§ 40 " D O'Hare
©
?é' 30
w 20
10
0 =
1 2 3 4
Year
Enplanements(miilions) 1993 2001 2110 2020
O'Hare 30.0. 33.0 383 42.6
Midway 27 6.6 8.1 9.0
Milwaukee 2.1 4.3 6.3 177
South Suburban Airport 0.0 7.1 179 30.7
{Total 34.8 51.0 70.6 0.0
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Fibure Al-3 Projected distribution of enplanements for the Chicago area airports.
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- A pilot must constantly be aware of the area he is operating in to safely fly and navigate

his aircraft. In this section, the responsibility and capabilities of pilot operating under
VFR designation are discussed. : ) :

Leibowitz discussed the association between the human senses, particularly vision, and
aviation. Because most information about the surrounding environment is perceived
through the eyes, the capabilities and limitations of the visual systemn were examined.
Leibowitz mentioned, as an example, that at distance of only 1.5 to 3.8 miles, a large
airplane is very difficult to detect, as it appears to be quite small. When viewed in a more -
peripheral region of the visual field, the airplane becomes even more difficult to detect.-

- The contours of objects viewed in the peripheral region will also become obscure,

making it even more difficult to see. The smaller the airplane the more difficult it will be
to notice. The small image may resemble an imperfection in the windshield, especially =
when the pilot is observing it directly. There are countless numbers of incidents where,
under optimum conditions, pilots were unable to detect other aircraft in the vicinity even
though they were informed and given the relative position of the other aircraft.
Furthermore, two airplanes approaching one another in a straight line, at 2 constant speed,
will appear to be stationary to one another. Atrplanes on a collision course will remain in
the same position in the windshield of the approaching aircraft. The human ability to
detect objects in the peripheral field is assisted by movement. Thus, the lack of _
movement of the aircraft on a collision course, and the small image size, contribute to the
difficulty in noticing it. Leibowitz also discussed how a pilot’s reliability of air traffic
control systems madvertently lowered his/her responsibility to recognize approaching
aircraft. Under most flying conditions, especially in the vicinity of an airport, the ATC
maintains sufficient clearance among aircraft by providing information about other
aircraft within the area. Most pilots are aware that ATC systemns are not invulnerable to
errors and that they are ultimately responsible for seeing and avoiding other aircraft.

~ Nevertheless, the high reliability of these systems and the low probability that aircraft

will be on a collision course reduces a pilot’s expectation of such a collision. However,
no matter how insignificant the probability, it is still enormous when dealing with human
lives.: To detect traffic within the vicinity, pilots must shift their attention away from the
instrument panel in order to scan outside for other aircraft. The time required in
recognizing an unexpected object may be several seconds longer than if it was
anticipated. In aviation, as every pilotis aware, every second counts.

In Trollip and Jensen’s Human Factors for General Aviation, the authors examined the
role of the eyes in perceiving and sending information to the brain. It is the brain that
processes all visual data perceived, and if the brain misinterprets this information, it
could lead to an inaccurate or deceptive perception by the pilot. Both the physical |
atiributes of the eye and how the brain processes visual information can account for this
distortion. However, the later is much miore complex because the brain's capabilities are
often based on experience and expectation. Regardless of the expertise level, visual
illusion does occur, and a normal situation can be easily misinterpreted. The most
dangerous is illusion related 1o a potential mid-air collision which occurs most often
when two airplanes are approaching head-on, converging from the side, or climbing or
descending on the same flight path,  When two aircraft are below 3,000 ft AGL, it is
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possible and legal for the two planes to be at the same altifude, heading on an intersecting '-

= .

course. Even above 3000 ft AGL, where cruising altitude rules applies, two planes could
be converging such as when there is poor altitude control. For example, a VFR flight
heading east and an IFR flight heading west can collide in midair if both aircraft are a
couple of hundred feet off of their designated altitude. It is difficult to detect an
oncoming aircraft because there is minimal or no relative motion. It is easier to see an
object if it is moving. Figure A4 illustrates the relative size of a Cessna 172 and the
approximate time to impact at various distances. The time to impact was determined for
two airplanes closing at a speed of 250 knots (288 mph). The dimension of this airplane
- 1s 30.5 fi from wingtip to wingtip, and 8.5 ft from the tip of the rudder to the ground.
Notice that this is an image of a Cessna by itself, without any background distraction.
Imagine how difficult it would be in the real world scenario. The second type of
potential midair collision is when two airplanes are traveling in the same general
direction, but are on a converging course. If an airplane is traveling at a certain speed in
the general direction of another airplane, the relative motion between the two airplanes is
- not apparent (see Figure AS5). The third potential midair collision exists when an airplane
is climbing or descending directly along the path of another (see Figure A6). This
situation is more critical when the higher airplane has a low winged position and the
. .lower airplane has a high winged position because the pilot in the airplane above cannot
see below the pilot in the airplane below cannot see above (see Figure A7). The only
precaution for this is to make shallow S-turns to improve the ability to detect other
aircraft. Performing the S-turns can also make the aircraft noticeable to other aircrafi.

In Paprocki’s technical report to the FAA, the response to the problems encountered in
the field operation of the John F. Kennedy’s Runway 13L lead-in lighting systems was
discussed. The approach lights provide visual guidance to pilots from the Canarsie VOR
to the runway. The system consists of three lighting segments, each 2,000 ft long with

_eleven pulsating lights. One portion of the system has performed inadequately due to the .

. relationship between the centerline direction of the sequenced flashing and the flight path
“of aircraft as they approach the runway. The difference between these two lines was

" approximately 40 degrees. This was different from other segments, which have a

- centerline that nearly coincides with the general flight path to the runway and have ‘

performed quite satisfactory. Field testing of a setup similar to that of the 200-ft spacing

used in the JFK Airport system proved that the approach light system’s effectiveness was

significantly reduced. The flashing appeared to be individual and random instead of a

- pulsing system of lights. Thus, when spaced at twice the normal distance of 100-ft

intervals, the effect of the lights is diminished. By relocating the lights of this ineffective
segment, the performance was as equal to the other two segments.
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Figure A|].5 Two airplaneé cﬁnverging. o
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Figure All-6 Blind spot of two airhlanes. |
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Appendix III Flash Tech.nology Corporation's Flashhead FH 301 Heliport Béa{:on
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System Performance Datas

‘Flashhead - FH 301

8,000 £ 25% effective candelas - high
2,500 £ 25% effective candelas - high-ICAO
2,000 £ 25% effecrive candelas - medium
250 £ 25% effective candelas - medium-ICAQO
15 % 25% effecrive candelas - low

A group of 4 flashes (Morse Code “H”) in 0.8 -

second with a 1.2 second interval between groups.

360° Horizontal Coverage .
11° Vertical Beam

OPTIONS:

Interconnect cable -P/N 6340 (PC 736 o FH 301)
(Conduit is not normally required)

Available with three switchable intensities up to 8,000 effective candelas

System installation

APPLICATIONS:

“Power Converter - PC 736
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120, 208,240, 480 Vol 60 HZ, or 230 Volr 5¢ .

HZ, single phase (specify on order) -~
150 warrs maximum power consumprion PN
50 warts maximum power consumption ICAQ 4
250 VA peak S -
Sratus relay with form C contact, contacts chanag
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All heliport landing pads such as hospirals, off-shore rigs, military, municipal. police. privare.

Flash Technology Corporarion of America 74
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" Appendix IV Calculation of Objects Area for 3 Starute Miles ‘Viewing Distance
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Viewing | Object ~ Angle

Distance[a}] Angle[b] Area[c] Radius[d] | Sustained{e] ' Cooq
1,000 m 1 min 665 cm sq 14.5 cm 0.0083 deg I
100,000 cmi 1deg | 2.330cmsg| 272cm 0.0156 deg |
: 5 deg 9,330 cm sq 54 5cm 0.0312 deg |

[al[b], and [c] are data from the Visual Aids Panel
{d] = square root([c]/3.1415)
[e] = arctan([d)a])

Viewing Angle ' Object

Distance[f] | Anglelg] | Sustained[h] [ Radius[i] Areaf]] \Y
3 miles 1 min 0.0083 deg 2291 16.5 fl s5q : o
15840t /| 1deg | 0.0156 deg 422 ¢ 55.8 fi sq h : - ]
5deg | 0.0312 deg 843ft- | 22321t sq : -

[R] = [e], determined from \ﬁ:ﬁual Aids Pénel data : ' o : . o
M=tan[n}=[f] ' | | | . S i
] = 3.1415 * [i]*[i] : o . o Lk

Sprung iInstant Structure's projected area : - , \[
From the side, the structure can be divided into two parts: :
a triangular on top of a rectangular, ie (0.577*30) + (8*30) = 345 ft sq '
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Appendix V Sprung Instant Structure
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Sprung fmstant
facility in Salt Lake City, Unah.

THE STRUCTLRE
The Sprung Structure is constructed from
extrurded aluminum arches, integrally
connected to a highly tensioned all-weather
outer membrane.
The membrane is a durable P.V.C. coated
polyester scrim treated with L.V, inhibitors.
It is fire retardant (i.e.. self extinguishing).

California Stare Fire Marshall approved and -

passes UBC 35-1. NFPA 701. UL 214
and ASTM E84.

T Y fY——r, ™ e T .-~
LiMITZD FOUNDATI0NS

Sprung Structures can be erected on any

reasonably firm ground surface. Foundations

are not required for structures up to and
including 88.6 feer wide. Small footings are
required on wider structures.

BENEFITS:

- Substantial cost savings on site preparations, ..
- Minimal site restoration following relecation.

: THZ COMPLNT , : e
As 2 member of the Sprung Group of Companies. in
business since 1887, Sprung fnstant Struciures has
achieved international recognition by providing shelter
solutions for thousands of different applications in over
ninety countries throughout the worid.

ENCINEERING
Sprung Strucrures can be designed
to meet windloads in excess of 135
mph and by design shed snow.
Sprung Structures mayv be designed
to meet special requirements and 1o
comply with virtually any local
todes and standards.

APPLICATIONS
The Sprung Structure is
utilized in virmally every
segment of industry in every
climatic zone. Temporary or
semi-permanent. Sprung
Structures have been urilized
for: Airline & Cargo.
Amusement Parks. Churches &
Educational Facilities.
Construction & On Site
Warehousing, Disaster Relief,
Environmental. Exhibitions.
Gaming. Gold. Inmate Housing,.
Military. Oil & Gas. Public
Waorks, Sports & Recreation
and Sporting Yenues.

iz

AT A3 IMMEDIATELY
With over two million square feet in inventory. Spruny Structures
can normaily be shipped anywhere in the world within days.
Approximarely 2.000 square leet can be erected per day with a crew
ol six laborers under the supervision of Sprung Instant )
- Srructure’s factory trained technical consultant. L_/
BENEFITS:
- Start vour project immediazely.

No other system gets you in business faster, is n1o
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he world's need for enclosed space quickly and economically.

SHIPPING :
Up to 20 thousand square
~ feet of Sprung Structure
can be shipped on one flat
bed truck or in one
standard 40 foot
container.

- BENEFITS:
- When compared to conventional
' construction. Sprung Strictures
represent dramatically lower shipping
costs anywhere in the worid.
- Ideal for remote locations.

- 5 e TR

RELOCHTA3LE .
Sprung Structures are 100% relocatable.

BENEFIT:
- Flexibiliry offers substantial savings.

igned to accommodate doors or windows of any size. |
- Requires little or no maintenance. ' L
- Can be completely environmentally controlled. - | =~
.= Door hoods to deflect snow and rain.
- Patented skylight system.
- Connecting corridors.

OPTIONAL INSULATION 2 ICTACGES

Fiberglass insularion
specified to customer
' needs.

IZASE DR PIURCEASE
Sprung Instunt Struciires provide a number of
attractive lense programs. all with options to purchase.
) BENEFITS:
- Lease of a structure aliows capital
10 be allocated to other projects.
- Provides a highly economical
solution for temporary applications.

Insulation system
finished with an

attractive
integrally tensioned
intertor liner.

#
GUARANTEE
Sprung Instunr Siructures offer a pro-rata guarantee of 23 vears on the
“'uminum substructure and 8 and 12 years on two membrane alternatives.

- BENLFIT:
- Praven longevity and experience,

nomical and offers more flexibility for the
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End Siing

Cargs Door
-

' 30' to 38.6" Wide Structures

Doubie r ',
Personnel A4
Doot v

SECTION

H : A Sige Siding
{ [ ! Cargo Docr
!

I S

/ : '
| P
B b« . : srge T
il 1 -—— 500 > . Personnel =
: » 0o > 1 Coor j
| i
1
\
I
- ** Negtat .
J Ee arc ~auncer of
£rC Parels vary
Daoubte Panel oy
. Rolling chr Z?E:;.ccr:r: s
| '
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Cargo Door
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j . Doer
-
L
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p ADDITIONAL RESOURCES:
j : 1. Comprelensive promotional video.
L—-r‘ - * e - r e - -
= A5 ditferenr indusime specific brochures availuble. s
(o @ 3 Interner Home Puge. An exiensive picture archive Souze Saney 2
. . . L . K R ot
: avatluble for vicwing, hap//www.sprung.com
- 4 P 'S .

. Regional offices iocated throughour the LS.

CALL TOLL FREE AT 1-800-528-9899 Sprung Instant Structures e
In Canada: 1-800-661-1163 or (403) 245-3371 I}zstant Structure e B
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Appendix VI Arlon and Universal Product: Vinyl Film Catalogs
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World Class Vinyls

Selection Guide -




Great Ideas Require
Great Products.

'As a desiomer. vou
dernaud qu.-l.{m' marerials,
Vinyls must cut precisely
annl weed easilv. And they
must be available in a wide
selection of colors to mive
free reien to vour cTeanvin.

As a business persoi. you
abo demand quality. Vinyls
inust provide superior per-
formanee charmererisdes
that adliere to the surfaces
vou select. Because you don't have tme 1o
go back and repair or redo a jub.

Thats why you demand Arlon vinyls. -

Advanced Technolog_vé
Your Competitive Edge.

Arlun’s advanced technology helps vou
eliminare waste to wainmain your compet-

inve edoé. As a result. we offer:
e Excellent bulance berween
the aclhesive and the liner for
pertear ents _
* Fikns desimed for a wide
variety of applications — from
small leatiwes to large graphies- - -
— that reduee vour inventory
and storaze costs

¢ Superior adhesive

svatems fur a long shelf fifi

* A broad e of sizes o fit most fric-
tion or rocrorfed plurrers, inclucling 1/2"
on-venier sprixkets

) IR
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Y !
Thorough Testing for o
Consistent Results. ‘1 :

-~ Arion is the frsr \'ﬂf‘d(:uﬂ_{' ime:-_grz.ttm.l'
150-9001 C t-rr_iﬁed compauny iu the’ P

manuldcuu‘.r.n" pror::*-:e--
.! have met the touche-t interna-
.,,.',.,o/ tional standards for consistent I ‘
quality — from pigment milling
1 the finished converted rolls.
However. we haven’t restec] on our L
laurels. We condnually look for m.lys o - N
increase qualiny:. ' L
For example. statistical prou:-a con- ‘
tral confirms color consisteney during
. casting and is
" used 1o maincain
consistent adle-
sive thickness
during coaring.
Ougoing testng
ensires Consistens
“uack” qualiny.
* Final mspection
during the con-
VEITING Prwess
~eliminates any - -
dlefects fom
becoming cus-
wmer problems. ,
Al use of accelerated and real life
testing ensires colorfasuiess, dimensional
_ :-ld.])llll'\ and adherence 10 a wide variery
of substrates.
That's why vou can alwavs specifiv
—\1 ton vinvls ‘with toral confidence.




7
I
i

Manufactured for the
Most Demanding Jobs.

Arlon is 2 diversified manufacturer.
Beeause we produce a complere range of

- vinyls. we can be more responsive 1o

vour neetls:

* The unique
formuladon of
Arfen vinyls
allows vou t con-
Bdently work on |
\ | virrually any size

| stem knowing thar
thte vinvl won'
_| erack. pecl or
wrinkle over time.
* Superior adhe-
sive propertes

allow vou o work
wirth a varety of substates. from bunner

“stock o glass. o wood w meral.
. E\wllrnt vorforrabiline enables vou w

easdy w ork on not-unifonn aned curverd
suriees,
* And if vou proviuee backlic sims. vou
can see the quality of Arlon masslucent
vinyls: every e vou turm on the light
you ger uniforni. consistenr olor,
You demand ;Fm.]m We mppl\ it.
Gauaztarend. - -

World Class Service.

I!ou do T apply Ardon vinyls over
vers?

“Will vour tunslucent vinyls withstand
a SO0 wart light?”

=D Calon [ vinvls aclhere in sub-
freedne Montana winters?”

I vesu've 2O ruestons. we ve got
Ulswers,

Ax a hdl-service company. we provide a
cledicared staff m support vou — includ-
ing reelinical. sales and customer service
reps. 7

We work with vou directly through our

reducational services. maining sessions and

open huises. 50 vou have direer aceess 1o
the experts.

Al we offer special services such as
custom eofors fur corporatons and cus-
o westing for evervbody:

When vou buy Arlon products. help is
a5 tluse as vour vearest Arlon distibuuror.
Or vour phunu.

et

T
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* Over 70 vibrant colors

* Premium 2 mil cast vinyl

¢ 7 year durability exceeds expectations,

even on the toughest indoor and outdoor

applicarions

* Increased productivity pmwded bra

unique liner design for easier curting: faster,
- consistent weeding and effortless characzer

transfer,

* Superior conformabilirv improves adhe-

sion to irregular surfaces like rivers,

corrugations and many textured surfaces

# Indicares recduced ourdoor durabilin: See Product fnformation
Bulletin for derails,
R

*'37 colors avaﬂa.ble:

‘.3 mll cast viny]

* 7 vear outdoor durabilin- means culors
remain bright and vivid for Vears, éven on
the tmost dcmandm_ g applications

* Advanced Calon I adhesive SVsten
enstres translucent vinvls remain borded ©
outdoor ilhuninated sign faces: acrvlic. poly-
carhonare. most PYC awTins andd flexible

. *lﬂn face~

TR niformity of color within rol! and from
lot o lor . o
‘o Non-direeaouad aenamﬂn" allows clracter
itesting. which zaves dme and matt-mﬂ- '

7 luelicares apuegue il it imursdcent,

13 v ELLOW

125 COLDEN YILLany

_") -1[ \l’ I ()\"Z [ A

A+ l"\\( FRINI

=+ ORANCE

I

=5 POPPY RED

+ B LIITT TOMNTO RIZD

I‘

£ RECAL RED

’I

35 RED

T DAVRRK RED

S0 CARIMNAL RED

=+ BURCIUNDY

THATVED ROSE

LI RASPREERRY

STAMNYMPIOC LUK

BT PROCESS BT

127 INTENSE BLLUE

BHICITT BLEE

< =
i 2
1

;

by 1]
3 i

BIRISTOL. BLLT

S0 DARK BLLEL,

ROYAL BLLE

2 TUROL O18)S

T

T BRILLANT G III N

140 111 KELLY GHREEN

L3 VIV 2RI

20 CRIIEN
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T
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e {3000 1)

T BRUSTIED £401.0)

17 SILVER

7T ARLSTED SILAVER

AETALIZED POLVESTERS S0es
SMIRROR/ERUSHED HIIISH%:‘
ERIES 2550/3950 3222

r.’.-."’ =

* Brillian gold and lusous silver colors
* Ideal for decorarive accents. trim and
nameplares

* Silver 2 vear interior and exterior war-

ranfy. Colcl interior only

. E’uﬂ.‘ 10 handle, with the u.anablhr\' of
a vm-.[ :

* Clear, permanent adhesive

BT+ ETCNIED Gloass
30 DIFFL SER TN

TO DL SN

"ETCHED (,L.\.HH
* 2 il high perfomhu)cc vinvl auuuhrm"
an etched "l..l:-s or sanublasted fnish
» Perfect for decorative avcents on windows.
tmirrors and purddons
* 7 vear durability #

DIFFUSER FIL\!H
. De‘-ﬂ"‘nvd or second surfuce dpplu.dl:luu:
for uur'm..dl\ illurinared stmage
© ® Replaces back spraying to Lide hardware
w n]u.n the lght box
\\ ailable in 30% and 60% ransmission
e Thear drabiliey

88

banpraie

[y

COSAELLOW

O DI

g RED

a7 PINK

| S }

w3 GREENT

*- High-intensiry colors project a snong

visual i impact for signs. graphics and chspla\"

* Muld-larhinare cast fiim

* 1 vear warranty '

* UV siabilized surface protects against

fading in sunlight

« Compatible with most risid and flexible -
sign face subsirates

Districutor Information

Acherves & Fidnus Diviscn,

2811 S. Harber Blvd,, Sanm Ana, CA 927045803
(71415402811, (008540361
FAX (T14)540-7190 or (80013292736
Dt tea the ke mnrn of benewr mviteriedie Arlon seenvuners by thet

the e d user firr-hisr Cevdrt 1T e the eectiandd aueeteriodd tu b usend Tu snfiny
#aist b wlvegserf wecardions o the beausee momentir tee's e utiots,



Accessory
Pmducts

T me e i b enimm

Series 3100 _ '
"* 2 mil cast vinyl, 7 vear
durabiliry

* Pre-cut smriping to provide
borders and h.'l..hh_llb

* Sizes range from 1/4" 0 2" in
50 vd. lengrha

Sigr Mognt.  —

Series 5100

* 1/16" foam mounring mpe

wirh excellent adhesion

¢ Performs well from -60°F 0

130°F

¢ Available in 1/2" and 1" widths
-in 10 yd. lengths

Sertes 3056}

* 204# bright whire. resists
perforated hole tearing

* Available sizes: 15" x 300"
and 30" = 300" -

Sertes 2600

* The most effecdve paper and
adhesive for intricare degails plus
varving size sraphics. lerers and:
ligns eut from pressure-sensigve
Blins

* Heavy paper bac Lm" resists

P L.un.n" and rearing

Sertes 2930

* Specially [ornudared whire
calendered viny for cur-out
steneiling, high 1emp stencil/paing
mask wil removable

\m\! luu'un"

. "u[lltt‘"t‘t' Pm‘“ 7‘33!)53)
* River Bru-h (Par# TIO10Y

S
¥

T3 TN 1
Lomn sy

90

Warranty And
Return Policy

WARRANTY
Artna will at our opnion. repiacs nun-salable materials or
refund purchase price trervof. The company's Eability at no
e will exceed replucemnent of non-sufable menhandise, We
cannot rusrancee the results obmined through the use of our
pmducts. due 10 the wide variance in applicudons. All Adon
matrrials am: soldl with tw undenstanding that the buver has
inlependendy derermined the snitbilioe “of such marerials.
Neither the seller or manufacruree shall be linble for any injrry.
loss or damage. direer nor indimvr asising from the use of or
the inability 1o use this prodiuct. No salesmary. representative. nr
age is authorized 1o give any muarantes. sarmanmy: or make
any representtation conmany w the foregning. Adon funher
warratts tha all produets annd servives [wnished hereunder
liave been produced i full compliance widi all applicable kws
..md rezulatdons. nchuling the relevant reeirements of Seetion
7. and 12 of the Fair Labor Standands Ac. a5 amended. and
nf l'F"_"Ilth‘ll)'l‘lS antd ontlers of the U3, Deparoment of Laber
issunel unnler Seerion 14 chernf. Ardon shall ako be in
ruhipliznee wirh pertinent nequirements of Execurive Order
11141 and 11240, as well a- the Relwbilitation Act of 1973
as anended,

" RETURK OF PROOUCTS

No product may be rrturmned o -\:-Iun without Ardun's prior
wrinen permissing, winclt pernission may be witield by
Artun i its sobe diseretion. I poaluets are reoumed 0 Adon
within siery {60) days from dee dute herof for reasons eler
than an error by Arlen in Blling the Purchiaser’s order,

- Parchaser shidll only be entitled to nveeive a credit in an amount

equal w the pavment received by Arlon for the product -
lutrlling charaes derermined solely by Arlon which shall not
exeved pvenry pervent {20%) of the invaiced amount, if prod-
et are rererned (o Ardun after sixry (601 clayvs from rthe clare
hereof fur reasons othee thian an ceror by Arlon in filling the
Purchaser's order. Purchuser shall unly jer entited to nceive 2
erelic in an amoune sl to the pavment received by Ardon for
the prorluer mirms & handbng fee in excess of Twenty percent -
(20%) which shall be subject to negodadens berween Arfun
and Purchuser,

Fur fudl termx and conditines, pleuse requext document from
Arlon or your local distributor.

_ Adhesives & Films Division
25811 S. Harbor Bhvd,, Sanm Ana, CAS270:4-3803
(71423402811, (RCOIB54:0361
FANA(TINALTIO0 or (S0 3292736

J—-__
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- —— PREMIUM CAST FILM

Opcque and Clear )

Q&3 erE 004 ALMCND DC" Vl&ANT GREB\‘
095 DOVE GRAY 9383EGE 094 EMEALD GREEN
- !
i
1 ;
135LT. ASHGRAY 067 CAMEL 097 FCREST GREEN * 181 FIRE OPA)

ICIMARINE GRAY

" 0ss SANDSx oNE 14.4 OFEP GREEN ol° GO

136 MED. MARINE GRAY 048 BUCKSKIN 000 MINT GREEN

K04 FROSTY MELON

105 GUSTY GRAPE

QéiBLACK C71C0C0a

134 CALYPSO GREEH
.
- o

005 LEMON YELLOW 01 SALMEN 149 RCEINEGG BIUE

9730K YELOW 09 FLAMINGO 008 TLRQUOISE

048 MITATIONGTLS

008 AQUA 182 COBALT

Ultra Hétclliig

Lusterm™ _g Radiance™.

852 SPANISH GREEN

B83 GARNET

894 SMPRE BLUE

836 IMPERIAL PURPLE

837 ACUAMARINE

B3 TEA ROSE

027 MATTE WHITE

Q16 MATTE BLACK

Metallic

U7 4 ARRICOT

Q25 FIESTA 03IDK VY

.

0358 PEACOCK BLUE D60 PEWTER MET

Q57 DUYMPIC BLUE

920 UNTENSE BLUE

A2 8UE

08J SAPPHIRE BLUE

128 GERANIUM

07 5 3URNT ORANGE

I/ / Ir.l.)

018 MAGENTA

021 ORCHIZ

Uis CARDINALRED  — - 024 RASPSERRY

JI13 PLUm

325 VIOLET MIST MET

Ea £} BRIGHT PURP!.E MET

war aukioutng T 8oV KL T AL WING

VU WAVENDER

125 CLEaR Uo7 AEGALPLAULE

ECL S AN

aze VIOLET BLUE M

095 ALTUMN GOLDMET

D42 CHARCOAL MET

"dEDK CHAZCDA'L MET

DB3 ANTICUE BRONZE MET

ces GCI..D MET

070 COPPER MET.

0EA MET BROWN

3L S8 MAPLE MET

ZURGUNDY

093 MED MET. BLUE

059 ELECTRIC BLUE MET.
G2 ROYAL BLLIE MET,
824 NAVY BLUE MET,

U20 I ZAL BLUE MET.

0BG JeAFIAM GREEN MET

52 PINE GREEN MET.

a7t cetngr surstility

e
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TEM FERTURMAINCE CALENDERED FlLM

B 4MilMatte B

. 1TQ WHIT= KELLY GREEN 171 WHITE 122 MATTE WHITE
. DT3DURANCDIC 074 GREEN 177 BLACK 123 MATTE BLACJ(
] Easy i
R . A e Removc:ble K
OTe YELLOW | TS TLRCUCISE 72 YELOW + D49 GOLD BRUSHED
0T4RD ST 2K AQUA

174 GO C3iDCUBLE GTLD

T3 TUYMPIC ALLE .

T2 SCARLET RED 187 WHITE

OTIBURGuNDY 772 3G AT BLUE 188 BLACK e
IFTPINK LAVENDER CTFA0YALIUE "36 DK RED 151 ETCHMARK T - 190 YELOW

L N

True Shcdi_iﬁ

GTSROSE 178 GREEN 185 RED
WZAUTESWE 89 GREEN :
1 . .
B8 BOAERS VERDADER S
i
Qdz WHITE . I D YTV 93 162 TS SHAZOW

SPECIALTY FILM I

Trans-Calt™ . _ Uni-Pro™ .
944 WHITE 95317 TOMATOQ R - 941 ACQUA 9IBWHITE FUTOMATORED w25 KELLY GREEN )
I | ‘
957 PEARL GRAY - 26] TOMATO RED 955 OLYMPIC BLUE 905 GRAY 524 DR GREZN
I N I
B41SLATE GRAY 946 CARDINAL RED 950 INTENSE BLUE 926 SATHN nvsn 923REAL TEAL
I I
947 BLACK 947 DARK RED P43 BRIGHT BLLE FO4 DK GRAY 91 OLYMPIC BUUE
BN I | B
9 51IVERY 244 BRIGHT GREEN 940 SAPPHIRE BLUE 907 BLACK 95 IS MAHOGANY . 920 VIVID BLUE
N - N
P45 CANARY YELLOW J52KELLY GREEN PIPROYALBLUE P08 CANARY YELLOW o MAGA i - P215APPHIRE MIUIE
962 SUNFLOWER 949 GREEN 352 w\ra 909 SUNFIOWR 97 BLOSSOM 922 DK. BLLIE
956 CRANGE ‘ 348 SOREST GREFH __CSAPURPLE m} 918 PURPLE 927 SATIN GOLD
. Translucent

Fluorescen_t-lg

B2 YELOW

159 ORANGE

161RED

...-.-.'-;r--u,\-‘.;.. s

ldO P]NK

-158 GREEN

157 BLUE

- ‘, a1t
Ly L e
I : -\_’.. :‘.-f'}\. -
.-' _ﬁ._.‘ "3'
879 AMBER WHI
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remium Cast
'otor Additions

145 CANARY YELLDW

146 LGHT NAVY

PREMIUM CAST FILM

permznen :-.:.'\-uc precsure-sens:i e ECIELIVE, Desmner- for suparie quoths enigtion geonicy o e
cuiomsnve o2 signege incuery, ond o wide venery of OEM cppiicaticns. Swane a,'!::om.\, up 10
yecrs.

METALLIC - 25 mx::wv'm, o :..:c‘m,r metc-::: cast vinyl i oius © permansn: szrylic pressure e-sen sil v
ccnesve. Dasigned for use r archiecinrsl wonmonetion ond genets! sichags m_rk:r . Txtericr
. =1 3 vese, [Bright Gold # 069, 3-year extetior durability)

ULTRA METALLIC 3G-mit oriiliont marchic cast b, aks © pemcner, Qroy. cocsue c"'yu' Dressares
sersitive mswf- Deugred i uss in decorciwe decols die-cun leners, numbars snd roducs. iGersilicerion.
ideci fo “or o smoe aurve cophasrions, Exeser durehiling us e 5 vears, [Fire Cpal #181, 3 year exterior
durub:hry}

LUSTER - 20-mil premiur graoe cost wny- wir @ bright losirous firush, pius & permEnent silver t:::vn"
cdnesve, 2 fum naw iaok for sicncge oppiicetiens, wr!u..l"a recrection c:rr: maring veizies. desi for [
= simpis cutve :;pn:cnans Sngr 2 éur.....t.... L= (= 5 yeors,

RADLANCE - 20-m! pesr
sarvlic, pressure-sensiive oinas
curebiling: vo e 3 veert,

Fhtl= gl*s. Dremiu grade. cest vinvi oiug o permonen: _é.-:\f_ Sozcus.
<. Desgnzc for desorgrive gestis ond czsem sisping.  Exiensor

Al of the chove films are on o 78# white kroft release liner,

OPAQUE, CLEAR, MA.TTE 2i-mil premivr crode. high-perfarmenze cost PYC litm pius ¢

B20 DENEM, BLUE MET

146 LIGHT COPPER MET.

B21DARK MESA MET.

ooie, Formaicies for iliumagies rgne. iz S nos icentica’ coiot snezs waetner

HIGH PERFORMANCE CALENDERED FILM

UNI-PRO '~ 25-mi liexibie semigless colendered. fiim plus ¢ pe'm"r...= serylic cchezive,

Designed igr orcroticnal sig s=ohieetiors. Troubie-free comouer culting enc wefding, Exceient

ransraring corcoienisics. Saenio durebiling up e 5 vears,

TRANS-CAL - ZZ-mil scrir-ciose cofsrderad diim pius o oresesiicnsbie cerviic cc.‘ﬂe*ave.

"RIOMSCTISE T gric potter Trinied o e reiedse lner 1 oie in loyour & nanozung on ¢ light
i z tariof

fiim tor use witn bock kghied signage. end windows,

ooases INISUDn B, AR BCOROMTS sronsiusan:

Zrtericr cursoility, up lo 7 yesre,

1

94 PASSION RADIANCE

P48 WHITE

~ vevvELOW

Pob BLUE

e e —
rofective

Smmausts o osionege. C'='-5:::-'we smzerersn apolicart

SPECIALTY FILM —
TRANSLUCENT - 23-r: sra=ar,

AT WIS Sids S Dermones: oo
oock ligmee signoge. Ides! fo- T ono srmne cwve ooolicsnions, Sweriz: sushiting uo 1o 3 years,
STENCIL MASK - 34-mi! =2z onperes ‘imxhie. pressure-sens. tive Hir iz oo moswing, ol v
E—

PREMIUM REFLECTIVE - 2. Serit rapoeef ‘iaztive engingering grode fir vinize meste o excesds
e coorIche ~sguitemerts of Seserci sraroorar Designes for nig= visiciit, and F-vect edernicr
surehiiisy. {werapphcal:onnorrecommendedl '

STANDARD REFLECTIVE - 25-mi :=-creflective fiir cesigﬁs:: izt monerginearng gioas

suriaes: enivl. [wet gpplicotion nor racommended)]

PDLYESTER = 253-ril fir wie- ¢ ooiveste bose 10 rercin merallic br |l1|... ries. Sxierio: surabiity:
vz iz Z yezs, |Gold Brushed n.,rrecommended for outdoor applicotion] L

ETCHMARK'E} - 20wt Sre~. = opit umy wnich provice:s or excellen simuistior &f sondbicsisd
groEs Sxrensr surshilily, o T 5 oceers
TRUE SHADOW -

z SCUNSCIITIen], presiure-sensiive fiim  temr cregis: | reniisnc
tnaoowing 12 viny! lenenng

o Zwienor surchilily vz 3 yests

1
1.

-
-
-

i)

-2

4-MIL MATTE - 25 mi! soenerzd vime witt non giore monte finish  Exterisr curcoititg: 21 3 vasrs,
Y Y

EASY REMOVABLE = I5-~ ' =

ziztn TEmICvITI "' 'ICF'. mai .'..."":EE bt

fim, g ..|]=1e':2 with ar. c:'::s. 1€ s=snc~f=: TS oEnLulE
= 1o one year. Exieriss dwrebiling 'ug e 3 veore,

FLUDRESCENT - 2.2-m! o= ‘o, Desizied for shor! term, exterior s::.‘én-.-‘.;romonenc., one bigh

szl - cooicgnons, Farmaan while goivie aressure-iancilive oonet

L monny  not warronted for exterior use in direct sunlight)

MARBLE - 0-mi comie~ »= . fiim v 2 ool of pzlishes marble, Sxierinr drchiliny v 1o 2

FE '

MICRO-MIST - Z5:mi zoa~wm gcrons srassarz-senciiive fim, wnr\ scresr. orinted cgler faeding
iy Cioze zzzes o o ortmuces Wevors roll o moxrne durghility  Sesno

Surghiniy, vz 0o § -7 yem: <Inn samals Rzt s20wn i Zoisr chort.
K

LN Lo,
..-'f" k=] =

ic conesive for fexidis ond rigic

n cnc' Z-yezr estencr ausohiln, i

-
e TiEAR CAST

PROTECTIVE LAMINATE

GRAFFIT! FREE ~ “mii c 2o ragied sovener film wit

oo .--...—.-u:-. p--leoog I wZTestl IMDE ::, ie* are ..X'n'l"" --.-.-
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Appendix VI MVLF Marker Evaluation Form
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Flight Observation Sheet . ' ' o : ) ' [

(please write legibly) .
- Pilot's name . ‘ I _
Flight Recorder's name , :
Date month - day .~ year - 1998 _ _A ‘ (e
Aircraft type and Identification number - ' _ N : L
Wing position (High or Low) '
Midday Flyin ' _ . ' o {
ATIS |Code Time - [Wind [visibitity -
Temp ___ |Attimiter Ceiling _ ' {
Weather comment ' ' C
' ' : Approach Number 1 2 1 2 } '
Heading (Magnetic North) ' '

. Time of approach (Zulu time, if known)
Altitude (1800 MSL, if applicable)
Speed (110 knots, if applicable)
Light detected distance {statue miles)
Flashing sequence identified distance
Marker detected distance (statue miles)
Marker color identified distance (statue rr{iles)
Which color was prominent? |

Comment L
e
Nighttime flying . :
ATIS |Code _ Time - Wind Visibility
@ Temp " |AHimiter Ceiling .
Weather comment . _
' - ‘ Approach Number 1 2 1 " 2
Heading (Magnetic North) | 3 . 'E
. Time of approach (Zulu time, if known) _ : ‘ _ . i
Altitude (1800 MSL, if applicable) I | N
Speed .(11!).!(.!".1.0.?5. ifapplicable). .. . .. .. .. b S P 1
Light detected distance (statue miles) ' _ .
Fiashing sequence identified distance {statue miles) - ' . E
Marker detected distance (statue miles) l E
Marker color identified dis;_‘ance (statue miles)
Which color was prominent? ' P
Comment . ' ' L . t
I
L

96 ' ' B



Afternoon/Evening

ATIS |[Code Time Wind
@ Temp Altimiter Ceiling
Weather comment '

Flying toward the marker with the sun at 80 degrees, relative angle

Approach Number

1

Heading (Magnetic North) \

Time of approach (Zulu time, if known)

Altitude (1800 MSL, if applicable)

Speed (110 knots, if applicable)

Light detected distance (statue miles)

Flashing sequence identified distance (statue miles)

Marker detected distance (statue miles) - .

Marker color identified distance (statue miles)

Which color was prominent?

Comment

Flying toward the marker with sun behind the aircraft

Approach Number

Heading (Magnetic North)

Time of approach (Zulu time, if known)

Altitude (1800 MSL, if applicable)

Speed (110 knots, if applicable)

Light detected distance (statue mites)

Flashing sequence identified distance (statue miles)

Marker detected distance (statue miles)

Marker color identified distance (statue miles)

Which color was prominent?

Comment

 Aititude (1800 MSL, if applicable)

Flying toward the marker with sun in front of the aircraft

Approach Number

Heading {Magnetic North)

Time of approach (Zuiu time, if known)

Speed (110 knots, if applicabie)

Light detected distance (statue miles)

Flashing sequence identified distance (statue miles)

Marker detected distance (statue miles)

Marker coior identified distance (statue miles)

Which color was prominent?

Comment

a7
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Appendix VIII FAA Obstructions Data within 30 Nautical Miles of O'Hare Alrport.
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