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FEDERAL AVIATION ADMINISTRATION CHG 5
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SUBJ: MAINTENANCE OF LIGHTED NAVIGATIONAL AIDS

1. PURPOSE. This change specifies the applicability of the lamp power
requirements identified in this handbook Section 2 paragraph 24, This
directive implements Configuration Control Decision (CCD} No. N23777, Change
Order 6850.5C, Section 2, Obstruction Lights, paragraph 24, b to allow the use
of Light Emitting Diode (LED} lamps.

2. DISTRIBUTION.

a. This directive is distributed to selected offices and services within
Washington headquarters, the William J. Hughes Technical Center, the Mike
Monroney Aeronautical Center, regional Airway Facilities divisions, and Airway
Facilities field offices having the following facilities/equipment: ALS, LDIN,
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b. An electronic version and distribution report of this directive are
available on an Intranet site located at http://aos-ext.amc.faa.gov/ under the

“"Technical Documentation” heading.

c. To obtain additional hard copies of this publication, contact Printing
& Distribution Team, AMI-700B, at (405) 954-3771.
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1. PURPOSE.
a. This change revises required equipment for the calibration of the

output currents from the power and control assembly for the Visuzl Approach
Slope Indicator (VASI) and the Precision Approach Path Indicator (PAPI). This
directive implements Configuration Control Decision (CCD) No. N21550, 6850.5C
VASI/PAPI True RMS.

b. This change has been reviewed and evaluated for impacts upon YzK
functionality and has no detrimental effect upon Y2K compliance issues.

2. DISTRIBUTION. This directive is distributed to selected offices and
services within Washington headquarters, the William J. Hughes Technical
Center, the Mike Monroney Aeronautical Center, regional BAirway Facilities
divisions, and Airway Facilities field offices having the following
facilities/equipment: ALS, LDIN, MALS, MALSR, ODALS, REIL, SALS, SSALR, SSALS,
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6850.5C

FOREWORD

1. PURPOSE.

a. This handbook provides guidance and prescribes
technical standards and tolerances, and procedures
applicable to the maintenance and inspection of lighted
navigational aids. It also provides information on special
methods and techniques that will enable maintcnance
personnel to achieve optimum performance from the
equipment. This information augments information
available in instruction books and other handbooks, and
complements Order 6000.15B, General Maintenance
Handbook for Airway Facilities.

b. This revision implements Configuration Control
Decision (CCD) N16975, Lighted Navigational Aid
Handbook Revision to Optimize Preventive Maintenance.

2. DISTRIBUTION,

This Order is distributed to selected offices and serv-
ices within Washington headquarters, the FAA Technical
Center; the Mike Monroney Aeronautical Center; (o
branch level within regional Airway Facilitics divisions;
and to Airway Facilities sectors having the following
facilities/ equipment: Lighting Facilities.

3. CANCELLATION.
Order 6850.5B, Maintenance of Lighted Navigational

Aids, is canceled.
4. MAJOR CHANGES.

This revision removes obsolete technical material,
changes the standards and tolerances, revises the periodic

maintenance schedules, and reduces the performance
check and maintenance task reguirements,

5. MAINTENANCE AND MODIFICATION POLICY.

a. Order 6000.15B, this handbook, and the appli-

(%
James L. Hevelone %\

Acting Program Director for Operational Support

cable equipment instruction book shall be consulted
and used together by the maintenance technician in all
duties and activities for the maintenance of lighted
navigation aids. The three documents shall be consid-
ered collectively as the single official source of
maintenance policy and direction authorized by the
Program Director, Operational Support. References
located in the chapters of this handbook entitled
Standards and Tolerances, Periodic Maintenance, and
Maintenance Procedures, shall indicate to the user
whether this handbook and/or the equipment
instruction book shall be consulted for a particular
standard, key inspection clement or performance
parameter, performance check, maintenance task, or
maintenance procedure.

b. Order 6032.1A, Modifications to Ground
Facilities, Systems and Equipment in the National Air-
space System, contains comprehensive policy and
direction concerning the development, authorization,
implementation, and recording of modifications to
facilities, systems, and equipment in commissioned
status. It supersedes all instructions published in
carlier editions of maintenance technical handbooks
and related directives.

6. FORMS LISTING.

In addition to the forms required by Order
6000.15B, FAA Form 6000-8, Technical Performance
Record, Continuation or Temporary Record/Report
Form, will be maintained for each facility. This form
may be ordered in pads of 50 sheets on NSN 0052-00-
686-0001.

7. RECOMMENDATIONS FOR IMPROVEMENT,

Preaddressed comment sheets are provided at the
back of this handbook. Users are encouraged to submit
recommendations for improvement.
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CHAPTER 1. GENERAL INFORMATION AND REQUIREMENTS

1. OBJECTIVE.

This handbook provides the necessary guidance, to
be used in conjunction with information available in
instruction books and other handbooks, for the proper
maintenance of lighted navigational aids.

2. SCOPE.

This handbook provides system-oriented main-
tenance information and establishes a maintenance
program for all lighted navigational aids. The informa-
tion provided covers the following systems, subsystems,
or components:

a. High intensity approach lighting systems with
sequenced flashers (ALSF-1 and ALSF-2).

b. Simplified, short approach lighting systems
(SSALS) with flashers (SSALF) or with runway align-
ment indicator lights (SSALR}).

¢. Medium intensity approach lighting systems
(MALS) with flashers (MALSF) or with runway
alignment indicator lights (MALSR).

d. Visual approach slope indicator (VASI).
e. Precision approach path indicator (PAPI).
f. Lead-in light facility (LDIN).

g-  Omnidirectional approach lighting system
(ODALS).

h. Runway-end identification lights (REIL).

i. Omnidirectional runway cnd identifier lights
(ODREIL).

j- Obstruction lights.

3. SAFETY.

In addition to the safety instructions found in Order
6000.15B, General Maintenance Handbook for Airway
Facilities, special safety instructions are included
throughout this handbook. Refer to advisory circulars
AC 150/5210-58, Painting, Marking and Lighting of
Vchicles Used on an Airport; and AC 150/5340-1F,
Marking of Paved Areas on Airports, for procedures
for indicating temporary landing area hazards.

Chap 1
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4. EMERGENCY STANDBY POWER,

Emergency standby power is furnished at MAILSR,
ALSF-1 and ALSF-2 installations located on designated
continuous power airports. Equipment consists of van-
mounted engine generators and switchgear adequate to
furnish standby power to the facility. Engine generators
are also furnished for ALSF-1 and ALSF-2 systems on
category II and IIl runways. During category II and II
weather conditions, when the approach lighting is
required, the engine generator will be started and the
approach lighting load will be placed on the engine
gencrator; commercial power is then used as standby
power. For additional details, refer to Order 6950.2C,
Electrical Power Policy Implementation National
Airspace System Facilities.

5. AIRCRAFT ACCIDENTS.

The following minimum actions are required of sector
personnel after receiving information that an aircraft
accident has occurred that might involve lighted naviga-
tional aid equipment for which they are responsible.

a. Before performing any corrective maintenance,
make an as-found technical evaluation of the equipment or
system, using the standards and tolerances in chapter 3 and
the performance checks in chapter 4,

b. Consult Order 8020.11A, Aircraft Accident and
Incident - Notification, Investigation, and Reporting.
Record the results of the evaluation and all technical data
involving key performance parameters on the Facility
Maintenance Log, FAA Form 6030-1, or on the approp-
riate technical performance record form specified in
paragraph 287 of this order.

¢. Perform all required corrective maintenance, if any,
after completion of the as-found evaluation. Record all
changes on the facility log or on the technical performance
record.

6. CERTIFICATION REQUIREMENTS.

Refer to Order 6000.15B, {or general guidance on the
certification of systems, subsystems, and equipment. Refer
to appendix 1 of this handbook for the specific require-
ments applicable to the certification of lighted navigational
aids equipment. The REIL is no longer a certifiable
facility and has been deleted from appendix 1.

7.-9. RESERVED,

Page 1 (and 2)
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CHAPTER 2. TECHNICAL CHARACTERISTICS

10. PURPOSE.

The lighted navigational aids system is designed to
provide visual ground contact, runway identification, and
other guidance and hazard information o aircraft pilots.
This chapter describes the approach lighling system
(ALS). thc visual approach slope indicator (VASI), the
precision approach path indicator (PAPD) and
miscellaneous lighted aids and controls. The approach
lighting systems are particularly uscful under adverse
weather or other low visibility conditions. They provide

assistance to the pilot in making the transition from
instrument flight to visual flight on final approach. On a
runway with an instrument landing system installed, the
published approach minimums (ceiling and visibility) are
automatically raised if the approach lights become
inoperative. The visual appreoach slope indicator (VASI)
and the precision approach path indicator (FAPI) provide
the pilot of a landing aircraft with a visual indication of
proper descent lo a specified touchdown point during
Visual Flight Rule (VFR) operaltions,

Section 1. VISUAL APPROACH AIDS

11. APPROACH LIGHTING SYSTEMS,

Approach lighting systems are installed symmetrically
along an extended centerline of the runway with the lights
facing in the dircction of the approaching aircrafi. The
approach lighting system provides a ground refercnce aid
for the pilot when making an approach to the runway,
including lateral guidance or alignment to ihe runway,
horizontal banking position of the aircraft with respect to
the ground. impending touchdown position of the aircraft.
and the threshold of the runway. The ideal installation of
an approach lighting system is accomplished when the
light units in the approach light plane are in a single
horizontal planc at the elevation of the runway threshold
centerline and no object protrudes above that plane. For.
approach light planc clcarance purposes. all roads,
highways. vchiclc parking arcas. and railroads arc
considered as vertical solid objects.  Airport service roads
controlled in a manncr that will preclude a vehicle
protruding above the light plane are not considered
obstructions. There must be a clear line-of-sight to all
lights of the system from any point on a surface, one-half
degrce below the instrument landing system (ILS) glide
path and extending 250 feet each side of the centerline, up
to 1600 fect in advance of the outer most light in the
system. For specific clearance requircments, refer (o
Order 6850.2A. Visual Guidance Lighting Systems. A
further aid for the pilot's visual approach to the runway is
the high-intensity sequenced flasher lights (SFL) installed
along the extended centerline of the runway. These high-
intensity, bluish-white lights are flashed in sequence twice
per second toward the runway threshold, The high-
intensity sequenced flashing light cmitted from the flasher
produces an apparent motion toward the thresheld. This
enables pilots to quickly recognize the approach lighting
sysiem and orient themselves for the approach and

Chap 2
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touchdown. One such light is installed at each centerline
bar starting 1000 feet from the threshold, (o the end of the
system, typically 2400 or 3000 fect from the threshold.
The flashing lights appear as a ball of light traveling at
approximately 4100 miles per hour. The flashing light
assemblics arc aiso used as the components for runway
alignment indicator lights (RAIL), runway-end identifier
lights (REIL), and lead-in light (LDIN) systems.

a. High Intensity Approach Lighting System with
Sequenced Flashers, Category I (ALSF-1). The ALSF-1
consists of a serics of centerline light bars cach approxim-
ately 13 1/2 fect long with five cqually spaced lights. The
light bars arc installed at 100-foot intervals, starting 300
feet from the threshold. and exiending outward 2400 or
3000 feet from the threshold. The 2400-foot system is
authorized by Order 68509, Revised Approach Light
Criteria, when the glide slope angle is 2.75° or higher,
while the 3000-foot system is authorized when the glide
slope angle is less than 2.75°. All light bars are installed
perpendicular to the extended runway centerline, and all
lights are aimed away from the runway threshold. The
centerline light bar at 1000 feet from the threshold is
supplemented with eight additional lights on cither side,
forming a light bar of 100 {eet and 21 lights. This bar is
called the 1000-foot distance marker crossbar (or simply
1000-foot bar). All of the aforementioned lights arc
white. Another light bar 200 fect from the threshold is 50
feet long, contains 11 red lights, and is called the
lerminating bar. Two additional light bars, cach contain-
ing five red lights. are located 100 feet from the threshold,
onc on cither side of the centerline. and are called wing
bars. The inner light (nearest to runway centerling) of
cach wing bar is located in line with the runway edge
lights. A row of green lights on 5-foot cenicrs is located
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near the threshold and extends across the runway STEP
threshold and outward to a distance of approximately 45

feet from the runway edge on either side of the runway. B-1
These lights are called the threshold bar. The ALSF-1 B-2
configuration is shown in figure 2-1. The intensity of the B-3
incandescent lamps can be adjusted for five brightness B-4
levels. The percent of maximum light on the various steps B-5

is as follows:

3000F + 50
24000 - 0*, +50' YV

3/27/95
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Figure 2-1. ALSF-1 Configuration : : ;
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b. High Intensity Approach Lighting System with
Sequenced Flashers, Category II (ALSF-2). =~ The
ALSF-2 differs from the ALSF-1 configuration only in
the inner 1000  feet (nea_rest the threshold) of the
system. The outer 1400 or 2000 feet of both systems

6850.5C

ting bar and wing bars of the ALSF-1 configuration are
replaced with centerline bars of five white lights each.
In addition, there are light bars (three red lights each)
on cither side of the centerline bars at each light
station in the inner 1000 feet. These are called side-

are identical. The 2400-foot system is authorized by
Order 6850.9 when the glide slope angle is 2.75° or
higher while the 3000-foot system is authorized when
the glide slope angle is less than 2.75°, The termina-

row bars. Also, there is an additional bar 500 feet
from the threshold. These lights form a cross bar
referred to as the 500-foot bar. The ALSF-2 con-
figuration is shown in figure 2-2.

4 50°
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D 140070 " %0
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|, 100 ‘B 10
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AR AR SRR
H w
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. H SEE 1
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BETWEEN SIDE ROW BARS AND
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C 5 WHITE LIGHTS - 40% INCH SPACING
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ER  3REDLIGHTS-5FT
SPACING

Fig_m'e 2-2. ALSF-2 Configuration |

¢.  Short Simplified Approach Lighting System (SSALS).
The SSALS consists of seven five-light bars located on the
extended runway centerline with the first bar located 200
feet from the runway threshold. The threshold lights, where
installed, will be a row of lights located coincident with and
within the nmway edge lights near the threshold and extend |
across the runway threshold. Two additional five-light bars
are located one on each side of the centerling bar, 1000 feet *

Chap 2
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from the runway threshold, forming a crossbar 70 feet long.
All lights of the system are white except the threshold lights,
which will have green filters installed. 'Only three brightncss
steps of approximately 100, 20, and 4 percent of maximum
brightness are required. The system is a building block for
the standard 2400 foot approach lighting system and uses
standard ALS light-bar hardware. The SSALS conﬁguratlon
is shown in ﬂgure 23.
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d. Short Simplified Approach Lights with Flashers
(SSALF)., The SSALF consists of a SSALS with three
sequenced fashers that are located at the last three light bar
stations. These flashers are added to the SSALS at locations
where high ambient lighting, or other reasons, requires these

3/27/95

lights to assist pilots in making an earlier identification of
the system. These lights flash twice per second in sequence
toward the threshold, have no intensity control, and
operate on all brightness steps of the steady-burning lights.
The SSALF configuration is shown in figure 2-3,

+ 80!

. 1400
- 1000" + 50 ol
0 - £ w200 ¢ 20"
I ._...._..i
4 +1
*0 o 0
.T . o
. O_ O
® o
q ® -E*—"O
O .
| ® -
[Te] u.
% L] e} Q (o8 8 8 Q (e}
’ O QO | e} O Q
> A
< - O
Z % 'Y O Q o] Q 5 o] o
RUNWAY 51 @
CENTERUNE | @ +-o
Q
: g o
(o]
1 ® 1 o
i |_: SEVEN _ CENTERLINE BARS AT 200" £20' SPACING -
10 j
. SYMBOLS
— I 10" MAX. NOTE: H:;gﬁggldti.aﬁnps not =
oot aa ©  STEADY BURMNING UGHT, WHITE
ocations.

® STEADY BURNING UGHT, GREEN

_SEQUENCED FLASHING LIGHT
{FOR 28ALF OHLY)

Figure 2-3. SSALS and SSALF Configuration

.€. Short Simplified Approach Lighting with Runway
Alignment Indicator Lights (SSALR). The SSALR con-
figuration consists of a threshold bar and seven five-light
bars located on the extended runway centerline with the
first bar located 200 feet from the runway threshold. The
remaining bars are located at 200-foot intervals out to 1400
feet from the threshold. Two additional five-light bars are
Iocated, one on each side of the centerline bar, 1000 feet
from the runway threshold and form a crossbar 70 feet
long. All lights in the system are white except:for the
threshold lights. The threshold lights have green filters.
The threshold lights are a row of lights on 10-foot centers
located coincident with and within the runway edge lights

Page 6

near the threshold and extends across the runway
threshold. The runway alignment indicator lights
(RAIL) portion of the facility consists of five se-
quenced flashers located on the extended runway
centerline. The first flasher is located 200 feet beyond
the approach end of the last steady-burning light bar,
with successive flasher units at each 200-foof interval
out to 2400 feet from the threshold. These flashing
lights have three brightness levels and flash in sequence
toward the threshold at a rate of twice per second,
The SSALR conﬁgurat:on is shown in figure 2-4, This
configuration is normally operated as a subsystem of
the ALSF-2. N
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Figure 2-4. SSALR Configuration

f. Medium-Intensity Approach Lighting System
(MALS). The MALS consists of a threshold light bar
and seven five-light bars located on the extended runway
centerline. The first bar is located 200 feet from the
runway threshold and the remaining bars are located at
each 200-foot interval out to 1400 feet from the threshold,
Two additional five-light bars are located, one on each
side of the centerline bar, 1000 feet from the runway
threshold and form a crossbar 66 feet long. All lights are
aimed into the approach to the runway and away from
the runway threshold. Al lights in the system are white,

except-for the threshold lights which have green filters. -

The threshold lights are a row of lights on 10-foot centers
located coincident with and within the runway edge lights
near the threshold and extends across the runway thres-
hold. All lights in the system operate on three brightness

Chap 2
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steps at 100, 20, and 4 percent. The MALS is an economy-
type system for nonprecision approaches. The MALS
configuration is shown if figure 2-5. :

g. Medium-Intensity Approach Lighting System with
Sequenced Flashers (MALSF). The MALSF consists of
a MALS with three sequenced flashers located at the last
three light bar stations. These flashers are added to the
MALS at locations where high ambient background
lighting, or other reasoning, requires these lights to assist
pilots in making an carly identification of the system.
These lights flash twice per second in sequence toward the
runway threshold and operate on all three brightness steps
of the steady burning Lights. All lights are aimed into the
approach to the runway and away from the runway thres-
hold. The MALSF configuration is shown in figure 2-5,
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Figure 2-5. MALS and MALSF Configuration '

h. Mediom-Intensity Approach Lighting System with
Runway Alignment Indicator Lights (MALSR). The
MALSR consists of a MALS plus runway alignment in-
dicator lights (RAIL). The RAIL portion of the system
consists of five sequenced flashers located on the extended
runway centerline, The first flasher is located 200 feet from

the approach end of the MALS with successive units located-

at cach 200-foot interval out to 2400 fect from the runway
threshold. These lights flash in sequence toward the runway
threshold at the rate of twice per second. All lights, both
steady burning and flashers, ‘'operate on three brightness
levels. The MALSR is used as the FAA standard for
category I precision runways The MALSR conﬁguratlon is
showm in figure 2-6.

i :Lead-ln I_ight Facility (LDiN). The LDIN may be

installed as a supplement to an approach lighting system.
This portion of the facility consists of a number of sequen-
ced flashing lights beginning at a distance from the threshold
determined by the need and terrain. They are used pri-
marily when background lighting or terrain prevents rapid
Approach Lighting System or runway identification. These
lights flash twice per second in sequence toward the
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approach lighting system or the runway threshold. An
example of a LDIN configuration is shown in figure 2-7.

J. Omnidirectional Approach Lighting System (ODALS),
The ODALS is an omnidirectional approach lighting system
that provides circling, offset, and straight-in visual guidance
for nonprecision approach runways. The ODALS consists
of seven omnidirectional . flashing lights located in the
approach area of a nonprecision runway. Five of the lights
are located on the extended runway centerline with the first
light located 300 feet from the threshold and the other four
located at equal intervals up to 1500 feet from the threshold.
The other two Iights are located, one on each side of the
runway threshold, at a lateral distance of 40 feet from the
runway edge, or 75 feet from the runway edge when
installed oo a runway equipped with a VASL. The five
identical light units-are visible from all directions and will
flash in sequence toward the runway threshold, at a flash
rate of one flash per second. The threshold is identified by
the remaining two units, which will flash simultaneously at
the end of the flash sequence. The system is designed for
three brightness levels. Figure 2-8 shows the ODALS

configuration.
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12. HIGH INTENSITY APPROACH LIGHTING
SYSTEMS.

a. Lamp Mountings. Approach Lighting Sytem -

lights are usually mounted on one of three types of
mountings: a rigid mount, a frangible mount, or a
semiflush mount. The type of mounting used depends
upon the terrain and the location of the particular light
bar within the system. :
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(1) Rigid-Mounted Lights. The rigid mountings
were installed from the approach end of the approach
lighting system (Station 24 or 30) up to the point at which
frangible mountings are required. A typical installation of
the rigid mountings is shown in figure 2-9. There are also
other types of rigid structures used to mount the approach
lighting system lighting bars. The type of rigid structure
used depends upon the terrain. Rigid mounted lights shall
not be installed in any new approach lighting systems,
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| SFL FLASHER UNIT

Figure 2-9. Rigid-Mounted Lights

(2) Frangible-Mounted Lights. The frangible
lighting mounts, as shown in figure 2-10, are installed to
reduce damage to an aircraft in the event of low approach
or aircraft overrun, The overrun area is an area with
frangible lights extending out from the runway threshold.
This is the area where the aircraft may land short of the
runway or overshoot the runway on a landing. The
overrun length may extend up to 2000 feet. The frangible
mounting is designed so that it will break loose from its
mounting when a few pounds of pressure is applied to the
unit. The break-away design is accomplished by installing
a frangible coupling at the base of the mounting.

(3) Semiflush-Mounted Lights. Semiflush-mounted
light units may be installed along the threshold bar out to
the extended line of the runway lights. A typical
semiflush-mounted light installation is shown in figure 2-
11. The PAR-56/3 lamp assembly is mounted below the
level of the ground in a container. The light from the
lamp is directed upward toward a prism which refracts the
light toward the approaching aircraft. The prism
cover protrudes about 2 inches above the ground plane.
The light from the fixed prism cannot be adjusted
in the vertical plane like lights on frangible and rigid
assemblies,

Chap 2
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(4) Semiflush Lights, These lights are designed for
installation in paved areas and do not extend more than 1
inch above the surrounding paved area, They are capable
of "roll-over® by aircraft. Semiflush lights shall be used in
displaced threshold areas or in overrun areas at
military-civil joint-use airports when required by the
military. They may also be used when crossing other
runways and taxi-ways or where snow removal requires
semiflush lights.

(5) Low-Impact Resistant Lights. Low-impact
resistant lights shall be used at light bar stations having a
ground level-to-approach light plane height from 6 to 40
fect. These lights are designed to present a minimum of
mass, and to break when impacted. Only individual wire
conductors shall be installed in these structures (multiwire
cables are not acceptable).

(6) Semifrangible Lights. Thése lights are mounted
on two-clement structures: the lower element being a rigid
structure and the upper element being a 20-foot, low-
impact resistant structure. Semifrangible lights shall be
used at light bar stations having a ground level-to-approach
light plane height greater than 40 feet, and over water
installations.

Page 11
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b. Vertical Angle Setting of Approach Lighting System
Incandescent Lamps. Theincandescentlamps are beamed
toward the aircraft at a vertical angle from the horizontal
plane of the Light bar. To get maximum benefit from the
lights as a visual aid, the projected beam of light is set to
intersect the glide slope 1600 feet ahead of the ight, in the
direction of the approaching aircraft. The vertical angle is
adjusted by using one of several types of aiming devices.
Figure 2-12 shows the type AD-1 aiming device that is used
to adjust the vertical angle of the PAR-56 lamps. Figure
2-13 shows the No. 4611 aiming device used to adjust the
vertical angle of the MALS PAR-38 lamps.

¢. Horizontal Alignment of Approach Lighting System

Lamps. All lamps must be maintained parallel to an
extended centerline of the runway.

d. Approach Lighting System Crossbar Identification
(Stations). In order to identify a crossbar at a particular

3/27/95

location within the approach lighting system, a standard
numbering system has been devised. Each crossbar
location is called a station and is numbered from the
threshold to the 3000-foot crossbar. The 3000-foot point
is station 30 of the approach lighting system and is the
focation of flasher number one. For reporting purposes,
however, the sequenced flashers may be identified by
reference to the number of the approach light station on
which they are installed. As shown in figure 2-9, the
centerline crossbars have signs to identify a particular
crossbar. The station identification in figure 2-9 identifies
the crossbar as station 11, and it is located 1100 plus 00
feet (or 1100 feet) from the end of the runway. If the sign
were marked 20 + 12, the crossbar would be station 20,
located 2000 feet plus 12 feet (or 2012 feef) from end of
runway. The degree and minute numbers identify the
vertical elevation of the light beam from the incandescent
lamps. As indicated, the vertical elevation angle of the
light beam is 6°6’.

Figure 2-12. Type AD-1 Aiming Device for PAR-56

Page 14

Figure 2-13. Number 4611 PAR-38 Aiming Device
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e. Approach Lighting System Series Loop System
Configuration. High-intensity approach lighting systems
with sequenced flashers (ALSF-1, ALSF-2, efc.) contain, as
an integral part, a constant current regulator which supplies
selected current levels to a series loop. The lamps are
connected in the series loop arrangement as  illustrated in
figure 2-14. Each lamp is isolated from the loop by a current
transformer. The transformer has a current ratio of 1:1. The
current transformer isolates the lamp so that when a lamp
burns out {opens up), the series loop will not open and the
selected current output of the regulator will continue to supply
the remaining lamps. A high-intensity Approach Lighting
System may have one, two, or three series loops depending on

the light configuration and type of constant current regulator. ’

The number of lights in the approach lighting system will
vary from 45 lights in a SSALS without threshold lights to
more than 275 for a ALSF-2. The exact number of lamps
used depends on the width of the runway threshold and the
length of the system. Generally, on systems with more than
one loop, the lights are divided between loops so that each

6850.5C

loop carries approximately the same load. A simplified serics
loop for a dual mode approach lighting system, shown in
figure 2-15, will include both 300- and 500-watt individual
lamp transformers for use on fixtures below 6 feet in height.
All fixtures that require a colored filter will require 500-wait
lamps. For fixtures above 6 feet in height, 1500-watt multiple
light transformers will be used. For example, five 300-watt
lamps for centerline bars or three 500-watt lamps for side row
bars, can be operated in series across the secondary of a 1500
watt transformer. To provide continuity in the event of a
Jamp failure, each lamp must have a shorting device. The
lamps-out monitor responds to the voltage change that results
from a decrease in impedance with a lamp failure. For proper
monitor indications, all famps in the system must have a
shorting device.

f. ALS Monitors.

(1) 155/175KVA Substations (General Electric,
Westinghouse, Hollingsworth, Hevi-Duty).

300 300 500 500 500
g LAMP
NOTES:
1. LAMP AND TRANSFORMER | ) Cood oo [P, jwewe
RATINGS ARE IN WATTS o " W e Y, QPSSR Y
2. GCR DENOTES CONSTANT SOKW 299 299 500 500 500
CURRENT REGULATOR *
o ESOLATION TRAWSFORMER ~o
3. ACTUAL CONFIGURATION Loop |
NOT SHOWN CCR
300 300 500 500 500
ot ) Tnant aaad st
o L Y, W
INPUT Sg(B)STAglON 50 KW 300 300 500 500 500
POWER NTROL
L —] ¢t A
4160/ LooP 2 e
2400 V CCR
AC
3100 300 300 100 300
o | Y | ) Canndt Lo
o YT Y Y VY
50KW 300 300 3100 300 100
v
LOOP 3
CCR
B o
Figure 2-14. Simplified Constant Current Series Loop
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Figure 2-15. Simplified Dual Mode Co‘nstant Current Series Loop

(a) Load Monitor. The load monitor provides
local and remote alarms when a predetermincd number of
lamps in a light loop have burned out. It is normally
adjusted to warn the tower controllers of a six-lamps-out
condition on one or more of the series light loops while the

system is operatmg on brightness step 5,

(b) Protective Monitor. The protective circuits
monitor the output voltage and current to provide both
equipment protection and remote alarms if there is a system
failure. If the loop voltage becomes excessively high, as a
result of the constant current regulator trymg to force
current through an open circuit (open series 100p) the
substation shuts down and the remote panel receives an
alarm. If the loop voltage becomes low as a result of a
shorted loop, the substation may or may not shut down but
the remote panel will receive a failure alarm. :

(2) Dual Mode ALS (Godfrey FA-9993, Airflo FA-
10048).

(@) Load Monitor. The load monitor provides

the operator with either a caution or a failure alarm if
more than the specified number of lamps fail in a prescribed
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brightness level. A caution alarm is an indication that
the that the system meets minimum requirements for
certification. A failure alarm indicates that the system
may not meet certification requirements. When
operating in the following configurations, the results
are:

1 SSALR. Two lamps. out in a loop result
in a caution alarm. Three iamps out in a loop result
in a failure alarm. :

2 ALSF-2. Five lamps out in a loop result
in a caution alarm, six lamps out in a loop result in a
failure alarm.

{b) Protective Monitor. Other than normal
fusing, each regulator will monitor the input voltage,
the output loop voltage, and the loop current. The
protective circuits will deenergize the affected regula-
tor and will provide a remote alarm to the tower if an
overcurrent is detected in a series loop (defective
current regulator), if the output voltage to a loop
becomes excessively high (open series loop), or if the
input voltage drops below the regulator design level.
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g. High-Intensity Lamps. The lamps used for the
high-intensity approach lighting system are sealed
beam incandescent lamps. They are rated at either

300 or 500 watts when operated at 20 amperes {high

brightness). The lamps are quartz-halogen, with a
tungsten filament. The quartz-halogen lamps are
normally scheduled to be replaced after 400 hours of
operation on high intensity, The 300-watt lamps are
constructed in two different styles, PAR-56 and PAR-
56/2. The PAR-56 lamp has a plug-in base with a
fluted face and is used for the aboveground fixtures.
The PAR-56/2 has a terminal type base with a clear
face and is used in flush mounted fixtures, figure 2-
11, The 500-watt lamps are also available in two.
styles: the PAR-56/1 with a plug in base for use in
aboveground fixtures, and the PAR-56/3 with a screw
terminal base for usc in flush mounted fixtures. The
intensity of the incandescent lamps can be adjusted for
five brightness levels. The current and percent of
maximum light on the various steps are as follows:

6850.5C

h. Medium Intensity Approach Lighting System.
The circuitry for a typical medium intensity Approach
Lighting System with runway alignment indicator lights
(MALSR) is shown in figure 2-16. The steady-burning
light portion of the system is the same for a MALS or
MALSF. The system is typically composed of a 15 kVA
tapped power transformer and associated coatrol
circuitry that feeds parallel connected 120-watt or 150-
watt, 120 V PAR-38 spot lamps in all fixtures except
the threshold. The threshold lights use 300-watt, 120 V
PAR-56 lamps behind a green filter. Both the steady-
burning and flashing lights operate on three intensity
levels. Intensity of the steady-burning lights is regu-
lated by providing three voltage steps from the power
transformer. Contactors in the control cabinet supply
120 or 240 volts from the input power source to several
taps on the primary of the power transformer. This
provides secondary power at any one of the following
three voltage levels for the steady-buraing lights:

Low 50 volts
Current Percent of Medi
h . m
Step (Amperes) Maximum Light ediu 75 volts
2 High 120 volts
B-1 83 . 0.16
B-2 9.9 0.8 The PAR-38 lamps are connected in parallel across the
B-3 121 4.0 output of the power transformer as shown in figure 2-
B-4 15.3 20.0 17. Half the lamps are connected to each output leg
B-5 20.0 100.0 to balance the load on the transformer.
1400 -« 1000 : >
2007 1
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I 3 HEAD
PAR 38 LAMPHOLDERS § ¥
(45 PER SYSTEM) e F%‘s"f-;p:g"’m
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Figure 2-16. Typlcal MALSR (Constant Voitage System) Installation
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Figure 2-17. Medium Intensity Approach Lighting System (MALS)

13. RUNWAY-END IDENTIFIER LIGHTING (REIL)
SYSTEM.

a. Configuration. The REIL system consists of two
flashing lamp assemblies and associated power and
control equipment. The system (shown in figure 2-18)
is installed at the approach end of the runway and
operates on power provided by either a commercial power
source or the run-way edge lighting circuit through a
REIL power adapter. The lamps flash simultaneously at
120 flashes per minute and have one or three intensity
steps. Some REIL units are equipped with baffles
installed in front of ecach flasher {see figure 2-19) to
prevent a pilot from looking directly into the high-
intensity lights as the aircraft approaches the runway.
The runway end may also be identified with an omni-
directional REIL (ODREIL). These lights flash
simultaneously at 60 flashes per minute and are visible
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from all directions. The ODREIL configuration is the same
as the REIL configuration shown in figure 2-18, except the
Light units are both installed plumb and the aiming line is
omnidirectional. The ODREIL system utilizes standard
ODALS flasher and control equipment.

b. Control. The REIL may be controlled from a remote
location or controlled through activation of the runway-edge

lighting,
(1) Control From Remote Locations. Remote control,
where provided, is by landlines or radio control. Remote

control may be installed where any of the following
conditions exist. A waiver is not required.

(a) Closely spaced, parallel, staggered runways.
(b} Closely spaced, parallel runways.
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(c) Diverging runways where approach ends are

close to each other.

6850.5C

SAme runway.

(d) Runways with displaced thresholds.

() Where environmental considerations such as

(f) Where REIL’s are installed on both ends of the

(2) Control From Runway-Edge Lighting Circuit.

On-off and brightness control is accomplisbed by sensing the

runway lighting circuit. The sensors change the brightness in

snow and fog prevail. conjunction with runway lighting brightness as follows:
Table 2-1. REIL INTENSITY CONTROL
Runway Edge Lighting
Tpe - Intensity Step REIL Intensity
LIRL On  (Singlelntensity) On (High)
MIRL - Low . (Three-Intensity) Low
. Med o Med -
HIRL .1 &2  (FiveIntensity) Low
3 ; _ Med
4 &5 High
| e
i A%
40’ I ~REIL (PARALLEL TO
' RUNWAY CENTERLINE
+35 l
-0
@
i
®
] EXISTING RUNWAY
?"' THRESHOLD LIGHTS
@
g
=
z
RUNWAY CENTERLINE 4 L = .
4 ¢
2 |
m
L)
X
] 3
@
1
@
1
40" @
135 , PARALLEL TO
0 ey p*200 RUNWAY CENTERLINE
- o T .
_)-J\-. i5°
REIL AlMing
LWE "\
Figure 2-18. REIL Configuration
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Figure 2-19, REIL Unit With Baffles

14, VISUAL APPROACH SLOPE INDICATOR
{(VASI)  AND PRECISION APPROACH PATH
INDICATOR (PAPI) SYSTEMS.

a. VASI System. The VASI system is a lighting
facility that provides the pilot with a visual glide slope to
descend 1o a touchdown point on the runway during visual
flight rule (VFR) operations. The system is a valuable aid
for defining a safe approach slope clearance over obstruc-
tions that cannot be lighted. Refer to Order 6850.24,
Visual Guidance Lighting Systems, for specific
obstruction clearance requirements. The system further
provides valuable aiming point information that reduces
the possibility of aircraft undershoots or overshoots. The
VASI may be installed on the back and front courses of an
Instrument Landing System (ILS) or on airports where no
ILS system exists.

(1) General. To provide the pilot with a visual
descent glide angle, the VASI system uses a two-colored (red
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and white) light system. By observing the combination of
these lights, it is possible to identify 2 visual glide angle for
descent to the touchdown area of the minway. To provide
rapid identification during daylight hours, the VASI is
operated at maximum light intensity. During nighttime
operation, the intensity is reduced to diminish the blinding
effect and still provide maximom system identification. The
VASI sighting diagram is illustrated in figure 2-20. The
alignment of the glide slope corridor as shown in figure 2-21,
is accomplished by the vertical adjustment of two light bars,
each of which emits a white and a red light. If the aircrafl is
on the glide path angle, the pilot will see a combination of a
red and white light, that is, the upwind bar light will be red
and the downwind bar light will be white. If the aircraft is
above the glide angle, both Light bars will be whilte; and if the
aircraft is below the glide angle, both light bars will be red,
The light bar will appear pink at an angle of about 0.25
above and below the glide angle. At this angle, a
transition is made from a red to a white or a white to a red
light.
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A AIMING ANGLE, { UPWIND BAR}, NO.2

B EFFECTIVE VISUAL SLIDE PATH AMGLE /é\_ 3
€ AIMING ANGLE, { DOWNWING BAR), NO.I - \?\“ a%
T EFFECTIVE VISUAL THRESHOLD CROSSING HEIGHT y\“\ﬁg G
AzB:=C+1/2° o?‘“

19{MIN)

CRITICAL
OBSTRUCTION

L uPwinD BAR 4 DOWNWIND BAR t
NO.2 NO.I
THRESHOLD

VAS! REFERENCE POINT
MIDWAY BETWEEN NO.1 AND NO.2 BARS

Figure 2-20, VASI Sighting Diagram
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Figure 2-21. VASI Visual Presentation
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(2) Two-Box VASI System (VASI-2). Figure 2-
22is a sketch of a two-box system. The VASI-2 is installed
with one box at the upwind bar location and one box at the
downwind bar location. Both boxes are normally installed
on the left side of the runway when viewed from the
approach direction. The system may be installed on the
right side of the runway when airport paved surfaces
prevent the normal left side installation or when significant
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cost reductions can be realized. The two-box system
provides guidance information under daytime VFR
conditions, up to 3 nautical miles. It provides the mini-
mum boldness of signal required for daytime opera-
tions for nomjet aircraft. VASI-2 lamp housing
assemblies shall have a tilt switch in each lamp hous-
ing assembly. The tilt switch shall shut the system "off"
when tilted.

NOTES: 1. AT [NSTALLATIONS INSTALLED IN ACCORD-
ANCE WITH VISUAL GUIDANCE LIGHTING SYSTEM
STANDARD DRAWING D-6127-1A, JANUARY 19,
1977, MEASURE THIS DIMENSION TO THE CEN-

TERLINE OF THE INBOARD UNIT.
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Figure 2-22. VASI-2, Two-Box VASI
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(3) Four-Box VASI System (VASI-4). The
VASI-4 is the standard FAA system. Figure 2-23is a
sketch of a four-box system. This system is normally
installed with all boxes located on the left side of the
runway when viewed from the approach direction.
Two boxes are installed at the upwind bar location and
two boxes are at the downwind bar location. The
system may be installed on the right side of the runway
when the same conditions exist as described in the two-
box system above. It provides adequate guidance
information under daytime VFR conditions, up to 4
nautical miles.

(4) Six-Box VASI System (VASI-6). The
VASI-6 consists of six light units in a three-bar con-
figuration and is a special FAA system which accom-
modates long bodied aircraft. Figure 2-24 illustrates
the layout of a six-box VASI system.

NOTES: 1. AT INSTALLATIONS INSTALLED IN ACCORD-
ANCE WITH VISUAL GUIDANCE LIGHTING SYSTEM
STANDARD DRAWING D-6127-1A, JANUARY 19,
1977, MEASURE THIS DIMENSION TO THE CEN-

TERLINE OF THE INBOARD UNIT.

6850.5C

(5) Twelve-Box VASI System (VASI-12).
The VASI-12, figure 2-25, consists of 12 light units in
a two-bar configuration. It is the international
standard. It is symmetrically installed with three boxes
located on each side of the runway at the upwind bar
location and three boxes located on each side of the
runway at the downwind bar location. The 12-box
system provides the maximum boldness of signal and
aiming point guidance under daytime VFR conditions,
up to 5 nautical miles for all types of aircraft. It
provides maximum attraction and identification when -
installed at airports having a very complex systems of
runways and taxiways.

(6) Sixteen-Box VASI System (VASI-16).
The VASI-16, figure 2-26, consists of 16 light units in

a three-bar configuration. It is a special design to
accommodate the long bodied aircraft.
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Figure 2-23. VASI-4, Four-Box VASI
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NOTES: 1. AT INSTALLATIONS INSTALLED iN ACCORD-
ANGE WITH VISUAL GUIDANCE LIGHTING SYSTEM
STANDARD DRAWING D-6127-1A, JANUARY 19,
1977, MEASURE THIS DIMENSION TO THE CEN-
TERLINE OF THE INBOARD UNIT. )
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b. PAPI System. The PAPI System is one that prov-
ides a pilot with a visual glide slope by which a descent
can be made to a runway tonchdown point during visual
flight rule (VFR) operations, The system is a valuable aid
for defining a safe approach clearance over obstructions.
Refer to Order 6850.2A, Visual Guidance Lighting
Systems, for specific obstruction clearance requirements.
The system provides valuable aiming point information
that reduces the possibility of aircraft undershoots or over-
shoots. Significant reduction of aircraft noise during
landing operations can be accomplished by use of a PAPI
system. The PAPI may be installed on the back and front
courses of an ILS or on airports where no ILS system
exists. The PAPI system differs from a VASI system only
in the lamp housing assembly (LHA) configuration and
the resulting visual descent presentation,

(1) General, The PAPI system provides the pilot
with a visnal descent glide angle. To accomplish this, the
PAPI system uses a two-colored light system (red and
white), By observing the combination of these two, it is
possible to observe a visual glide angle for descent to the
touchdown area of the runway. The composite PAFI
lighting is illustrated in figure 2-27. The visual
presentation of the glide slope corridor as shown in figure
2-28 is accomplished by the vertical adjustment of each
LHA. If the aircraft is on the glide path angle, the pilot
will see the two LHA's nearest the ranway as red and the
two LHA's farthest from the runway as white. If the
aircraft is slightly above the glide path angle, the pilot will
see the one LHA nearest the ranway as red and the other
three LHA's as white; and when farther above the glide
path, the pilot will see all LHA's as white. If the aircraft
is slightly below the glide path angle, the pilot will see the
three LHA's nearest the runway as red and the LHA
farthest from the runway as white; and when farther below
the approach angle, the pilot will see all LHA's as red.

(2) PAPI System. Figure 2-29 shows the PAPI
system. It consists of a single wing bar of four sharp
transition multi-lamp L.HA's equally spaced. The system
is normally located on the left side of the runway, when
viewed from the approach direction. The effective visual
range of the system in clear weather is approximately 4
nautical miles.

15. VASI AND PAPI POWER EQUIPMENT.
a. VASI-2, The VASI-2 is powered from a power

and control assembly (PCA) that furnishes two output
current levels to control the intensity of the VASI lamps.

Chap 2
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When the ambient light intensity decreases to 35 foot-
candles or below (night operation), the PCA will utilize
either a contactor controlled tapped transformer or a solid
state regulator to provide 4.8 amperes through the VASI
lamps. When the ambient light rises to 58 foot-candles
(daytime operation), the ouiput from the PCA will
increase to provide a current of 6.6 amperes through the
VASI lamps. The PCA is powered by a 120/240 V ac
source and will control two lamp housing assemblies
{LHA's). Each LHA contains three 200-watt PAR-64
lamps operated in series.

b. VASI4 and VASI-6 (Three-Bar). The standard

" PCA for the VASI-4 uses a two-channel, solid-state

constant current regulator. Each channel is capable of
supplying two levels of constant current controiled by a
photoelectric device. Each channel will supply current for
two lamp housing assemblies. A VASI-4 may be powered
with two VASI-2 PCA's controlled by one photoclectric
device. A VASI-6 may be powered with three VASI-2
PCA's or with two VASI-4 PCA's controlled by one
photoclectric controller.

¢. VASI-12 and VASI-16 (Three-Bar). These
systems are operated by z 6.6 ampere series circuit
supplied by a 15-kW or 20-kW constant current regulator
substation, The regulator provides five brightness steps
from local control. Only three steps are required from
remote control, low (step 3), medium (step 4), and high
{step 5). The percent of light on a particular setting is as
follows:

Current Percent of
Step {Amperes) Maximum Light
1 2.8 0.2
2 34 1.0
3 41 5.0
4 5.2 250
5 6.6 100.0

d. PAPL The PAPI is powered from a PCA
consisting of a photoeleciric device for controlling the
light intensity, a constant current regulator for controlling
the current to two-series lamp loops, and other solid-state
control circuitry. The power input is 120/240 wvolts,
single-phase, 60 Hz. The output to the lamp Ioops is 6.6
amperes for the high intensity condition and 4.5 amperes
for the low intensity condition. The PCA also contains
micro-processor-based monitoring circuitry for remotely
monitoring the operating status of the PAPI system.
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16. VASI AND PAPI LIGHT UNITS (BOXES),

a. VASL Light units or boxes used in all the systems are
similar, Fach box contains three sealed-beam, 200-watt
quartz-iodine Q6.6A/PAR-64 lamps with a design life of
2000 hours. These lamps are precision focused and are
intended for direct replacement. Mounted in front of each of
the three lamps are spread lens filters consisting of red upper
sections and clear lower sections. These filters provide the
two colors (red and white) which are basic to the system and
also spread the light beam horizontally. Typical VASI LHA
indications are shown in figure 2-30. For the VASI-2 system,
each light unit has a tilt switch that interrapts power to both
boxes, to prevent the system from giving a false signal due to

incorrect alignment of the boxes.
THREE 200W THREE AVIATION
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b. PAPL All light units or boxes used in the system
are similar. Each box contains three 200-watt lamps with
a design life of 2000 hours, These lamps are precision
focused and are intended for direct replacement. Mounted
in front of the top half of cach lamp is a red filter. The
resulting red and white beam of light is passed through a
projection lens that provides both vertical and horizontal
spread of the light beam. Typical indications are shown
in figure 2-28. [Each light unit has a tilt switch that
interrupts power to all boxes to prevent the system from
giving a false signal due to incorrect alignment of the
boxes. All boxes are mounted on frangible couplings as
illustrated in figure 2-31.

17.-20. RESERVED.
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Figure 2-30, Typical VASI LHA Indications
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Figure 2-31. PAPI Light Box

Section 2. OBSTRUCTION LIGHTING

21. PURPOSE OF OBSTRUCTION LIGHTING.

Lighting a structure alerts airmen to its presence during
both daytime and nighttime conditions. Whenever
obstruction lights are displayed on any structure, they
should be of sufficient intensity and installed in a manner
to draw the attention of pilots approaching the obstruction
from any normal angle and at any altitude up to 1500 feet
above the obstruction. Obstruction lighting may be
displayed in addition to marking (paint) for daytime
operation, provided such lights more adequately warn
airmen of the obstruction.

22. TYPES.

Red obstruction lights are used during the hours of
darkness, during periods of limited daytime illuminance,
and/or during reduced visibility. High-intensity white
lights are used for both daytime and nighttime conditions,
however the intensity may be reduced at night. Although

Chap 2
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red obstruction lighting systems and aviation surface
orange-and-white point meet the minimum obstruction
marking and lighting standards, the high-intensity
white lights are far more effective and may be used in
lieu of red obstruction lights. Obstruction lighting may
be displayed on structures in any of the following
combinations:

a. Aviation Red Obstruction Lights. Flashing
aviation red beacons and steady-burning aviation red lights
are used during nighttime operation.

b. High-Intensity White Obstruction Lights. Flashing
high-intensity white lights shouid be used during
daytime and twilight, and with reduced intensity for
nighttime operation. When this type system is used,
the marking of structures with red obstruction lights
and aviation orange-and-white paint may be omitted.
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¢. Dual Lighting. A combination of flashing aviation
red beacons and steady-burning aviation red lights may be
used for nighttime operation, and flashing high-intensity
white lights for daytime operation. Aviation orange-and-
white paint may be omitted,

d. High-Intensity Obstruction Lights, Twilight/-
Nighttime Only. Flashing high-intensity white lights may
be used for twilight and nighttime operation, with aviation
orange-and-white paint used for daytime marking.
Obstruction lighting criteria and specification data may be
obtained in Advisory Circular AC 70/7460-1F, Obstruction
Marking and Lighting.

23. OBSTRUCTION LIGHT MONITORING.
Obstruction lighting should be visually observed at
least once each 24 hours. If obstruction lighting is not
readily accessible for visual observation, a properly
maintained automatic visual or audible alarm indicator
should be instalied and operated to provide an indication
that such lights are functioning properly. This alarm
indicator should be designed to register the malfunction of
any light on the obstruction. The automatic monitoring
alarm indicator should be located in an area generally
occupied by facility personnel. The side or intermediate
aviation red obstruction lights on an obstruction may be

712512002

excluded from the alarm circuit, provided the signaling

device will indicate malfunctioning of all flashing and

rotating beacons and/or high-intensity white lights and of
all top lights; and that all obstruction lighting mounted on
the obstruction is visually inspected at least once every 2
weeks,

24. AVIATION RED OBSTRUCTION LIGHTS.

NOTE: All lamp power requirements (wattage) in this
handbook Chapter 2, Section 2, paragraph 24 applies only
to incandescent lamps (not approved LED lamp
replacements).

a. Flashing Red Hazard Beacon. This 300mm
flashing beacon, figure 2-32, consists of two
simultaneously flashing incandescent lamps of at least 620
watts with aviation red color filters. The steady-burning
intensity should not be less than 2,000 candelas (in red).
The flashing mechanism should produce not more than 40
flashes per minute nor less than 12 fiashes per minute with a
period of darkness equal to approximately one-half the
luminous period. If the obstruction is located within 15,000
feet of a landing area, the flashing frequency should be at least
20 flashes per minute.

MOGUL PREFQCUSED
SOCKET _.F
-
’f
==
'-—300 MM FRESNEL LENS
‘\
]
)
1
:a.
:lj/’ HINGE AND PADLOCK
fs———-—2 SECTION FRESNEL
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WATERTIGHT
BUSHING D
e MOUNTING BASE

Figure 2-32. Flashing Red Hazard Beacon
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b. Steady-Burning Red Obstruction Light. This
obstruction light consists of one or more steady-burning lamps
of at least 116 watis (when used in multiple circuit), enclosed
in an aviation red obstruction light globe. The intensity
should be at least 32.5 candelas. The simultaneous flashing
of all lights is permissible. .

(1) Single Obstruction Light. A single unit, figare 2-
33, may be used when more than one obstruction light is
required either vertically or horizontally to define an
obstruction or when maintenance can be accomplished within
reasonable time.

(@) Top Level. A single unit may be used to
identify low structures, such as airport ‘instrument landing
system (ILS) buildings, or long horizontal structures, such as
perimeter fences, and building roof outlines.. -

(b) Intermediate Level. Single units may be used
on skeletal and solid structures when more than one level of

lights is installed and there are two or more single units per

level,

(2) Double Obstruction Light. A double light unit,
figure 2-33, should be installed when used as top light and in
areas or locations where the failure of a single unit could
cause an obstruction to be totally unlighted from any normal
angle of approach.

{a) Top Level, Structures not exceeding 150 feet

should have one or more double unils installed at the lnghest _

point. These should burn simultaneously.

(b) Intermediale Level. Double uniis shoﬁld_ be .
installed at intermediate levels when a malfunction of a single

unit could create an unsafle condition, and in remole areas
where maintenance cannot be performed within reasonable

time. A transfer relay may be used with these units to switch ~©

light sources if one side fails.

¢. Rated Lamyp Voltage. To cnsure the proper lumen
output, the operating voltage provided to the recommended
obstruction lamp should not vary more than £3 percent of the
rated vollage of the lamp. The input voltage should be
measured at the lamp socket with the lamp operating during
the hours of normal operation.

d. Operation of Red Lights. Red obs[ruclidn:']igh[s
should be operated by a control device adjusted so that the
lights will be turned on when the north sky illuminance

decreases on a vertical surface to not more than 35 foot-

candlcs (376.7 lux). They should also be turned on during
daytime when the flight visibility is restricled. In Alaska,
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however, the lights should be turned on during daytime when
a prominent unlighted object cannot be seen at three statute
miles. The control device should turn off the lighis when the
north sky illuminance rises to at least 58 foot-candles {(624.3
lux), or the lights may remain on continoously. The sensing
device should face the north sky.

25. HIGH-INTENSITY, WHITE OBSTRUCTION
LIGHTS. -

The following are the basic standards for high-intensity
obstruction lighting systems on structures.

a Eﬂectivé Intéﬁsity.
(1) Day Mode: At least 200,000 candelas.
= (2): Tailight Mode: Approximately 20,000 candelas.
(3) Night Mode: Approximately 4,000 candelas.

b. Intensity Stcim Changing. The systems should
provide an automatic change in inlensity when the north sky
illumination on a vertical surface is as follows:

{1} Day-to-Twilight. This should not cccur before
the illumination ‘drops to 60 Rot-candles (645.8 hux), but
should occur before it drops below 30 foot-candles (322.9

lux).

(2) Twilight-to-Night. This should not occur before

- the illamination drops to 5 foot-candles (53.8 {ux), but should
" occur before it drops below 2 foot-candles (21.5 1ux).

(3) Night-io-Day. The inlensity changes listed in

_'subparagraphs (1) and (2} above should be reversed in
- transitioning from the night to day mode.

c Flash Rate. All light units should flash simultan-
“eously at 40 pulses per minute.

d. Beam Spread. The light should provide a relatively
parrow vertical beam spread with full light intensity at

e possible collision altitudes with a structure. Viewers at lower
‘altitudes or at altitudes above the structure should receive only

stray light.

.-e. Antenma or Appurtenance Light. The high-

- inlensity lighting system may include a small omni-

directional white light, similar in size to the 300-mm red
flashing beacon, for installation on top of antennas or
simitar appurienances. This light should operate 24 hours

a day, flash in synchronism with the high-intensity

lighting system, be of approximately the same intensity as
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the twilight mode during daylight, and reduce in intensity
to the night mode simultaneously with the remainder of
the system. This appurtenance light should only be used
as an adjunct to the hxgh-mtens:ty hghtmg system.

26. DUAL LIGHT SYSTEMS

Red (nighttime)} and high-intensity white (daytime)
obstruction lighting systeras may be jointly used under
conditions when it is not feasible to operate the high-intensity
white lighting systems at night. When high-intensity white
obstruction lighting is displayed on an cbstruction during
daylight hours and only aviation red obstruction lighting is
displayed on the obstruction during nighttime hours, the two
lighting systems should be controlled by one or more control
devices. The control. device or devices used should. be
adjusted so that the high-intensity white obstruction lights (1)
will be turned on and the red lights turned off when the north
sky light rises to 0.5 foot-candles (5.38 lux), and (2) will be
turned off and the red lights turned on when the north sky
light falls to 3.0 footcandles (32.38 lux}and before it reaches
0.5 foot-candles (5.38 lux).

. ROTATING BEACONS.

A11 airport rotating beacons project a beam of light in
two directions, 180° apart. The optical system consists of
one green lens and one clear lens, The rotating mechanism is
designed to rotate the beacon at 6 revolutions per minute
{(r/min) to produce alternate clear and green flashes of light.

6850.5C

a. Thirty-Six Inch Rotating Beacon, The 36-inch
rotating beacon is the standard large rotating beacon. The
optical system consists of a lens combination in each end
of the housing with a single lamp in the center.! Each
combination consists of an 18-inch inner doublet lens and
a 36-inch diameter clear outer lens assembly. The outer
lens assembly is made of a one-piece buli's-eye center lens,
20 inches in diameter, surrounded by 12 two-piece, 30°
sectors. The inner doublet lens is furnished in clear and
green colors. The beacon operates on 115 volts, 60 Hz,
and the rotating mechanism is designed to rotate the
beacon at 6 r/min.  Aviation beacon lamps, 1200-watt,
120-volt, T-20 bulb, mogul bipost base, are used with
the beacon. Upon failure of the first lamp, a magnetic
lamp changer is provided to automatically throw a
spare lamp into focus and connect it to the power
source. A telltale lighting circuit operates an
indicating light when the spare lamp has been put into
the operating circuit.

b. Ten-Inch Rotating Beacon. The 10-inch rotating
beacon, figure 2-34, is the standard small beacon. - The
optical system consists of two semaphore lenses, one clear
and one green, mounted on bracket support arms that
are adjustable for beam elevation. The lamp used is a
620-watt, 120-volt, T-20, medium bipost lamp. A
magnetic lamp changer as described in subparagraph a
is provided.

3 MOUNTING FLANGES
SPACED 120° APART ON
12%4-BCH DIAMETER CIRCLE

2r-7/s"

1 -INCH PIPE NIPPLE EXTENSION OF MTG.
LEG FOR WIRING ENTRANCE

Figure 2-34, Typical 15-Inch Rotating Beacon

Chap 2
Par 25

Page 35



6850.5C

¢. Hazard Beacons. Hazard beacons project a flashing
red beam of light, 360° in the horizontal plane, from -the
horizon to the zenith. A hazard beacon warns airmen of an
obstruction that is hazardous to air commerce during darkness
and limited visibility conditions. The optical system consists
of four 12-inch-diameter, cylindrical, - Fresncl-lens
components of heat-resistant clear g!ass and two red, glass

3/27/95

screens. These comprise an individual optical unit for each
lamp. Two separate 620-watt, PS-40P bulbs, with mogul-
prefocused ‘base at 120 volts are used in the beacon.
When equipped with a flashing mechanism, the beacon
produces a total of 12 to 40 flashes per minute,

28 -30. RESERVED.

Sect:on 3 CONTROL EQUIPMENT

31. REMOTE CONTROL EQUIPMENT

a. ALSF-1 Typical Remote Control. The remote
control panel in the tower cab, figure 2-35, provides for
operation of the approach Iights and flashers. Dual green
lights adjacent to the approach light on-off switch, when
lit indicate that the substation is energized, is under the
control -of the tower, and is operating at the intensity set
by the brightness control switch. Dual amber lights
adjacent to each position 1 through 5 of the brightness
control switch are lit when the lamps in the series loops
are operating at a particular brightness step. When the
approach lights are operating at maximum ' intensity
(position 5), a timer is placed in operation.© At the

expiration of a preset time interval, usually ‘15 minutes,

the brightness is reduced to position 4 intensity. ‘Shortly

before the 15-minute timing interval has elapsed (afier: 14

to 14.5 minutes) a warning buzzer will sound. This warns
controllers that the approach lights are going to be
reduced to brightness 4 level, The remote control panel
includes a timer reset button designed to recycle the timer
to permit additional uninterrupted time on brightness step

5. The buzzer also warns of a malfunction of the approach.

lights and/or the sequenced flashers. Dual red lights are

mounted above the ALS normal-trouble switch and the
SFL normal-trouble switch. When sequenced flashers

have been incorporated into the system, dual green
lights are mounied above the flashers on-off switch.

b. Dual Mode ALSF-2/SSALR. _
remote control panel located in the tower cab, figure 2-36,

provides control functions to the substation and receives -

the status indications from the substation. Information is
transferred between the tower and substation over a single
pair of conductors by frequency-shift keying (fsk). The
commarids from the remote control panel are encoded into

serial information, a carrier is modulated at a downlink

frequency of 1070 Hz or 1270 Hz. This modulated carrier
is received at the substation, demodulated and decoded, to
provide the parallel control functions that were initiated at

Page 36

The dual mode

the remote panel. © The ‘status information from the
substation is simultaneously being modulated at an uplink
frequency of 2025 Hz or 2225 Hz, This status information
is demodulated and decoded to apply power for the proper
monitor indication, gither visual or aural; to inform the
controller of the status of the dual mode approach lighting
system ALSF-2/SSALR. ‘The followmg slatus hghts are
located on the remote panel '

{1 Approach nghts On/Off.  Indicates - ALS
on/off status. '
(2) Flashers On/Off. " Indicates ‘flasher on/off
SAtS, e _
* (3) Brightness Step Lamps, - Will be on only if all
regulators and the ﬂashers are operatmg at the selected
intensity. '

{4) ALSF/SSALR. A steady light indicates the
operating mode; a flashing light indicates a mode error,
that is, the ALS mode and the flasher mode are not the same.

(5) Substation. When on, indicates that control is
at the substation.

(6) Comm Fault. When on, indicates a loss of

o . communication between the remote control panel and the
“substation. The last valid command will be in control of
the system

N Caunon When on, indicates more than a pre-
scnbed number of lamps either incandescent or flashers
have failed but the system .meets certification
requirements. oo

~ (8) Failure. When on, indicates more than the
prescribed number of either incandescent lamps or
flashers have failed and the system may not meet cer-
tification requirements.
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Figure 2-35. High-Intensity ALS Remote Coantrol Panel
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¢. Radio Remote Control. Radio remote control has
been authorized for selected system types. The MALSR
control is discussed here. For further information, see
Order 6650.6B, Maintenance of Radio Control Equipment
for Plant Facilities. At selected airports, MALSR facilities
have been linked to air traffic control towers (ATCT) and
flight service stations (F8S) by a ground-to-ground radio
control. At airports lacking an ATCT or FSS, an air-to-
ground receiver-controller provides to a pilot desiring to
make an approach and landing, the capability to turn on
the MALSR lights and to control their intensity. At
airports with part-time ATCT's or F8S8's, both ground-to-
ground and air-to-ground links are installed, After the air
traffic control facility shuts down for the day, departing
personnel should enable the air-to-ground unit to receive
commands from the air. Figure 2-37 is a system block
diagram showing the ground-to-ground link as augmented
for air-to-ground control. This configuration would be
used at airports with part-time air traffic control service.
Brief descriptions of the two radio links follow.

(1) Ground-to-Ground Radio Link.
(a) A parrow-band, frequency-modulated (fm)

transceiver is provided at the ATCT or FSS control
terminal for transmitting on the 162-MHz to 174-MHz

3/27/95

band to an fin receiver-decoder at the MALSR site. The
transmissions are a sequential series of audio frequency
tones, the specific combinations of which are initiated by a
pushbutton manual controf panel located at the air traffic
control towers (ATCT) or flight service stations (FSS). A
tone sequence is interpreted at the receiver-decoder and
operates corresponding relays in an interface unit (which
connects with the MALSR control box) to command the
desired function.

(b} For detailed theory and equipment trouble-
shooting information for the components of this control
system, refer to the manufacturers instruction book. Order
6650.6B, Maintenance Of Radio Control Equipment For
Plant Facilities, provides complete maintenance guidance
and system standards and procedures for the fin radio link
cquipment.

(c) Table 2-2 summarizes the Motorola 504
major control features currently provided for application to
the MALSR, and shows typical tone frequencies for most
FAA installations. Some locations may have different tone
frequencies or they may be rearranged. Functions 7 and 8 are
used at facilities with both air-to-ground and ground-to-
ground control. Functions 9 and 10 are used at facilities
requiring engine generator start and stop control.

Table 2-2. MALSR CONTROL FUNCTIONS

Tone
Sequence
Funetion Setting

ABCA
ABCB
ABCC
ABAC
ACBA
ACBB
ACBC
ACBD
ACDA
ACDC

el S A el o o

._.
b=

Typical MALSR
Pushbuiton Response
1231 On at low intensity
1232 On at medium intensity -
1233 On at high intensity
1213 MALSR off
1321 Sequenced flashers off
1322 Sequenced flashers on
1323 Ground control
1324 Aircraft control
1341 : Engine generator control
1343 Engine generator control

Tone Frequencies (Hz) A. 10924 B.1034.7 C.879.0 D. 8325

Page 38
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o
CONTROLLING FACILITY CONTROLLED FACILITY
FOLDED COAX
ANTENNA I
seLteton TADOO4 —_=.
SWITCHES
MANUAL CONTROL SOLIQ STATE MULTIFUNCTION CONHTROY, BOX
fra— COKSOLE CONSOLETTE RECTIVER « DECODER INTERFACE uwiIT or
164 -172 MKI contaROLLLD
x AF FurisFz oe ‘
*— TONES rert FUNC- FACILITY
DEVIATION TIOHS
NOTE: FOR FUNCTITON APPLICATION, SEE ORDER 6650.6B g_-_—_r\l\
L1813 6 OR 225 -400 MHT
A=3 OH-OFF CARRICR
RECEVER -
CONTROLLEK IFURCTIONS
COXTROL MO,

Figure 2-37. Typical MALSR Radio Frequency Remote Control System

(2) Air-to-Ground Radio Link,

(a) The airto-ground link includes an
airborne 118-MHz to 136-Mhz amplitude modulated
(am) transmitter, a ground-based radio receiver with a
decoder, and control relays. The relays interconnect
with the normal control box circuits of the MALSR
facility. The radio receiver receives on-off keying of
the airborne transmitter’s carrier and produces a series
of impulses. These impulses are shaped by a trigger
circuit and are counted over a 5-second interval. The
number of pulses determines the MALSR intensity of
fow, medium, or high. To achieve this in the order
given, the pilot keys the microphone switch 3, 5, or 7
times in 5 seconds. This turns the MALSR on and
selects the desired intensity, In addition, the receiver-
controller contains an integral 15-minute timer that
automatically turns off the MALSR lights or other
controlled facility after 15 minutes of operation.
Although airborne transmitters normally activate the
MALSR, vehicular or base-station transmitters
{transceivers) may be used for testing if they are on
the proper frequency. The air-to-ground link alene is

Chap 2
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used where there is no operational ATCT or FSS at any
time during the day. The following summarizes the
air-to-ground control features.

Controlling Aircraft

Transmitter Keved MALSR Response

On at low intensity
On at medinm intensity
On at high intensity

3 times in 5 seconds
5 times in 5 seconds
7 times in 5 seconds

NOTE: Automatic timer turns the MALSR or other
controlled facility off 15 minutes after receipt of the
Iast command.

(b) For theory of the equipment, refer to the
manufacturers instruction book., Maintenance instructions
are contained in Order 6650.6B.

(3) Interface Unit. The interface unit is made in

accordance with specification FAA-E-2663. Although
the interface unit was designed to be used with the

Page 39
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MALSR system, it is now used with all remote radio
control systems (RRCS) controlling visual aid facilities.

Table 2-3. INTERFACE UNIT FUNCTIONS

RRCS Panel

. From To Facilin: Condition
B1 (MALS 1, VASI on, PAP] on,

Off, B2, B3 REIL 1, ODALS 1) Brightness step 1 or "on"

Off, B1, B3 B2 (MALS 2, REIL 2, ODALS 2) Brightness step 2

Off, B1, B2 B3 (MALS 3, REIL 3, ODALS 3) Bfighlness step 3
Facility is "ofl" until pilot selects

G-G A-G facility "on" through a-g unil.
Facility poes to "on" and at full

A-G GG intensity. Desired intensity must be
selected

RAIL off RAIL on RAIL portion of MALSR tumed "on".

RAIL on RAIL off RAIL portion of MALSR turned "ofI".

32.-69. RESERVED.

Page 40 (thru 42)
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The facility operates as shown on Table 2-3 when
connecled to an interface unit.

Chap 2
Par 31



A

L

e

o

S SRR
CE SRR

e S

f“?ééfjiis ¢

S

TR
S
S St
L

anaaa

S

SRt

Sy
ANt
e

SR
S

Sotme
S

e

S

f S

i

S
S
R

S e

S

S s

Gener ce Han

s

e

2 e

o

NSNS

e

S
S

R
Rt

S
A ACE
i

o

S T

R

S nn

S e
Shavaaes
AU

S 4
Samie
g
Seaa

- ments

Per

Sl

SEESE RS
PR
St

S
R

o
Giresn
S

e

o

S =

TR

i

<

N
e

5 . _):«7?]"'

v

S

an
N
e

b e
i S
Sodein 2o o
foi el
S

S

G i
Sraisanad
s

e

G
T

A e

i
Shbeaiie

SR

ChER G
RN o S

G

i

ey

i I i

R

i
e

Lo S

S e

Rt B AR

s

S

Sl

e e

N

SRS
SRR R

e e
e o L
S e e e 5 S

e

SR

AT

B
reties
SRR

S

S

2ot o e 5

o
ine bar; -

o 7

LA SR
& o oy
e

L

ey .
e

N

S
R

S
S

Vot

ca

T R
L

Z S

e

o
TR
Srgaaus
e

S

e

aEbas

i

Sy

i
L
ot b

e

gl o)

SeEs

St

S

RSl

: Soliean

)
= S

Clyohevies

S
e

SEy
S
dne

e

i - SRR
STl
S

ch as 7

R

o e

R
SRR

P

e

ction man

ot Sy S
e e =

gy St S
-

S

e

S

s

S

G
S

L
-

B
s
P

o

shes

Nai
S BoAE
S e s

el

Nene

S

e 5
P

S

o

SO
AR

b

S =
S e
B

on:

e

S
PRt
SEvR

e
R

o

e :

CATERRe

SRR S

s

S

RO S

a1

& A
Sane Ebese
e

S

e

St G aaa
P
Sl

]

S
B

-
o

¢ o

71a(2), an

Yoo

-
SRR

SrReR Sl
Sk e

R

Iniatises

Lol

=il
Sihas RS
S

SR

s o
SR
SR S
.,( /,1: o

oy

Soa

SR
e
Sl
S

P e
S

R

AR
et

G

e A
e

—

S
SR



S
e

s -~w;~:: e = e
S S

= § ~>::.t3>"

S

\; w\-»\,\ & -"f-m-

\ Qu. ‘..,,,. X

: :5:1::\-<
"‘N e .,.;':}\:’:‘5’5\ Y
\.,E@;:-»' o
i

i '\‘,

\~:,:?4.5,; o -
- Y
NN "n,«,;ng:-g.n\

o -
: "~5 S::,:.«

,' .
\’<~'§~‘\, &
o

G

;,\? ,4,,,\,,, e R
.

Wt
o

_,.\., ,‘\g;;;

S
e
Ty Ml\ \

o
“‘:b.\\.":\. PR

e .

- \\':,»;g

-w:» .\‘.\‘a“"« 5
o ( - -
o

~\,.~“, o
o &\\m. i ,

~\(

b .»-‘"1‘:}3

R

\/,\,:'.A.}C

35: \

m;‘x\.

e @
o
: 1\‘1"
g 2>:26,x e
Cneae
\.&.w,.,\n,, -

o

v
< o

i 2?-\.%
\\:'\v

-
~’\<\,

‘\'\@_

See

S

P \4 o /\,.‘ o

e

- ( Lo

A-w-m\\- e \w\f\
S

S

AR
e ,\s\.

e mv\? S w\M
L \ oy

e

ey :\6"-&:.\\: o

"&5‘“3-'4\ o
i b'«“(ﬁ
\ B

: ,,.,,.:\\\. 9;} T

i

> '>," o :
o

”“N‘;/;{;:\,

S
(‘:é,‘«.. Cany

£

'\\

Snmany

/\,

R ,w:\, =

- ,g«\a.v

e tﬁ...},\
S
s

g @‘:::‘e.,:,-:;«::“

-

,/,,./,
o \>

G NA. 7

i ‘/‘5 “,v‘
§\ ?

v ,y\ w
it e
- \

— ;?‘\::‘):\\ -

I: -\:'m‘\\"qw T
o

e mo.\ ,\ Sy
--nw.?» e .zz/:\

>

= QZ\'Q; \:

o

S
e

,,'\\4 /\

e
\\

’>
= ,\\)‘“x,a.‘,

}\\, ‘w\

L

e
SR e
Rt

o ,:/ S

\\\.
S

A \\‘

A R o
A..\,\ o ,.>

\ \“m
e w\
W

&(\: o

e «.,.,Q:
S \\v,uc,,\,
o

e

\./: @

"\‘\\’.*.\-4~

o «.M/{-
S \:«

e .

e
Siibs \\ 5\% :i&c.n
S

,\

e oo
o

S

»\/“,.‘.'4‘ ;<-‘ o

,:;\. g.’.\/«,.

o
S

S
3 ":'::\«:;-:,/.g\

b ) = ’\4/ «'§'
o

4\ A\« R -.4»1\.,

\“
{

o

Sy

e f)

\'-‘-\x o

,\,3. »,,\.

\

ey 'k;z"\'i-“\

4\.\::\‘, '::4.\,

SR

\

\\’\

x\*‘é‘-“" \/ \\,\ i

-
S

o
e e ZE N
\‘;3"\.0"*\4,‘»\‘4“,\
o %- \\Aﬁ, ey

o

e ,ﬁw
Sead

\4,,\,“,. "“‘Zil'{-,‘-"\‘ -
:;'\4‘34.;\1\:\4 &

\\, S :\.:'u'\m M:,\),

S S

Wi
o

\“'::\a: S

ST

S S
-,Q,«\Q\\u. £
A

‘;/\\-/,;;»\\

o

\\ “:-"sﬁs:-.: h

Sy
% \,

3

\Ay\,\,.“\, n\.w', =

e

e

S o S

[ o
A

A ,\&.u.,,‘\

o

- \\JI.:'.«%?
S

o ,\:\(:;:,-
j-:_n.\; R

i -
S

i

drd |

ce

.
.

S :}"

,{g::;.:\“ Shs

.?\ =
i

AR R

:?-;:rz\\ e -
ey |
S S \

S

enan
" s

N n\" o

= .). i

SR \\5

5
et

\&.-«.& viE
0%

o

S

e

b o ,.~\;;::&x;'.:§u,:

S

Ea e

x .u,{\-\u.

e

>':"‘~\*‘- i
SR

\'\‘,‘::,\
P

e .\
=

-

b
] s

S
v
& \.\,,\\.::“.

e
/54',}. s

3 3: o

S

o :a-‘_- ~\\~\Q g:\k.’ N “~E«>,-/:"-3~:

\\ \ :m \

e
\\\
5

W

E: u:\": o

o 1\:»§>(

S AR h.\

R
T

o i Sl

'consecutlv

s

o .\-.“\k

~\4,..‘\ o b

S

5 v-'\'.*‘/:‘:

\,K,\,\“,: »,\\Q-\ :
e
Ay -

S
s

o
“.\\..;\;;,\ :
S

v
-
e
- e
o -
S ”'A\\':\}R

e o
£ gh V‘M\ S “\
s \,x sl

RS gk\‘.\,,,/.,‘\

o e e \

X ,A,;‘\:.\\:
\\

S

«N .«?‘. S

e
S0 ,,.,\\‘ V

So

T
e A.-m{s,
S

i 'i &,\'-“,f‘«'z«\\‘
e

SRR

Gy

R
o

'; \«* e
c

{“/,\ .w
o

,/\\M ,>\

\:<:>\,~

w\\’/-h \~:~
S

o

T

&
\\“'\4(',, e

TR “f\:¢

\“«-\;:.wa
Sy

>‘>

= »\iﬁ;‘&".wge s
.

5;: g\y-/\ S e

—
o

e

..\\\\

\.K‘
Sl

o

e
S \'\'m

SR

";““

i \\\\..\ i
,i e e

/\,.«\-\

S

o ::'\\‘-_"‘31\.,3‘,\":-',:‘_

Bl

-

o .\\‘

\\
\e'\-:x::.

} ;«N
o

\m\'-v\ ' x, o

asey SRR .m‘\‘»: Y

S

e
= S

e m-.o:w i

- -
i ,-‘{J" oo e \\\

-
\-\,‘\\v. :g

Srean
ﬂ,; *\>,<'\t-\ £

> o ':§:;I-<:\

L S \« T
3 S e
.:,:;:. W\ -

M;A\::\\i TN

S 0 \'\»‘n,.'\:i
- \' > :‘ 4 \\ =

e
el

S .W"-\-A o
o o

SRR i (-x::,?\

G

e
¢

"'«’\i-;"

i

i

v.‘{w.w\

«/\i*

o <>\V\
e
§ =

e
S

'*wl.a.- :4 e



M.‘ A": -

e

1

S By
o .':\\\\?,mv’ 1
o

a

Zf’“?’,/,/;‘

,,\,/, o

.
\ '\‘ ‘\\zi m,a.

e

: '-wz

:,( N

B mw w, &

S '§.r\-‘~ 5 w\‘;\‘ o 55 :2-. \ e
e :‘*A: S
e

ot ::wm\, e ‘ S
\- i s et A e
o :,‘&,N*. &\,X"“""“v"\"“"-;-

e o

\\9«‘»‘";

o
e N;,v,,.,,\\
il «“w/,:'//g:; i’

o
TR S
o e
: ¢ 2{{\;..&«,‘\&\“%\% :

o <.~..Z\'f J"

e ot ol
i

s .-->,.,, N.W o
o ,\ e e

- e o

i
e ”’ ’:

f?v

\,:~:.::-,:; e
,% o

\ &

s

\».. i

: m-.;,“.\, R “Z‘

S ),

§«

«;g/\.‘,.\;%.

\‘1

,‘.‘1\.{,/.',.4.:.:,:
o

SRR
- \:3)2\ e

i W:::;,\:;\\ g:,,

G ;\~ v

e

s e
ot

""A\m S

\\}\ 3\ S

G
: Q,,\\“(:«--4
S i

5 P
b
S

o
R

>,/~‘:'/’}.‘"

W ~);,;
o

-
& \

/,

e 2
o :~.~\«; > - ‘.::.: i

,-;:q: \ G «-\«“-»\

Sl ,>“
S

Bhoos N

S
e ,,)X,,

:\.,, ean
o

.\)\\.‘\

R

SR

S {\-\.'

Coan

,ew.,g i

SvmsE »..v~~\<<,,:,,,,»///m P 5 ,)‘,;g;;:t;:;% i
v .\\f

T
/*:\‘ S
-

< - - =

\1::\:- e

AN
,m,}%v 5
cin S
T /,.\-\’, S N s
7 x\>

ey

S oo e
..m'\'a S :;;~::/~/ ‘\‘:“‘u:;'{:'):y\ s

\*\' e

'::\a@;ana}s:ﬁ&,z\; -
S e
o

S ‘,,.,.3?‘ A

S
Y L

e Seaa
S L -

b;l o

o &.\,X ,\.,;
Sty

:: :\‘:\:s:\"',»,\,v/ S
Gy v

e i

R

R o i

o ,A,:,Ww'; & S
s b

:§:§.

N

3\:»\ = 'i 4
e \
\/4.~ /... \‘\‘"‘”’ S \'f'\/
e
. e f-"'g&\.,,w- N -
o

S -’\;K:D,:“l L
’\m’/ e L
T e
,A/// Sebaas K\‘\isx ::n
- « e

T
s = S
//- ,\3‘, e
A:».@ v i

/~’

o
\
o "-*""/‘k\ = :.Z‘y:z,/ =
\.«., S

\v:':'%i-“& G
AT G
- b -
e =

' fjtﬁ (c)ifS

o -('t«;-x ﬁ/
= \w:.:::»

i =i~~/ \«" -

e /\'

,-/\*

.:oé

4\»,;?'4»»;-\»\ 3

7 ,,«/

S

S \~.~;§-, - o
Tt .
o o 5
e =

«\:, D
e ;\«“\'(e: < \\

e ',;.,';4;'\.»-..’(; SRR b \»,v,\,
Q>% -

- . Sy 3’

L N 3\/

5 :.';S"\\-::\“’

'E‘/C\Q.
V\\\\/

:, }:,\'::(/\5.
o :v e \'«

e
N
\'- ‘\\'\m\b:(

R

o

K‘“:’x:z\.: e e
% /4:“\*.25
L

L
s
S ‘....\.3.4\“\\\

N
i ;;:;\&,“

S Shrivt e ”
e D

37 s
"a-“-‘ e o
.\ ’\'/»‘4\ "/ u\'\'-‘; o

2 4 ;,\,\JZ,\E

SRevise o
\,‘ Q\\/»\:\'\ w&& o

G e
e .
o

S
o N i N
Ghbaan «;\n-h-,yﬂ,;;:l\\/.\;;\ 2 i
SR ‘Q g;,,xv o
e
Shln ety

5 S /
e i i

Bk i )}"XN\ B e A
A e N S
e e aon e = o
o S m-,.\o,;.«- e ):),5;:»:

S
\ e

/
S

f\\m Todhae

L
S =
o
S 78

e

. .N,\. .\Q‘\ 5

’\.\\,\>.?'
g \ S

S

st
»»:;\";:\‘:xw‘:

shams T
L S
S ,\\ o '5""“%:;:‘:“/”'

S
-«fl?:&:'f:-,x‘-:&:.\::::/,‘;z G
Saiaele e

‘\“-:"\:.:}:\M.

R

\ - 5 \“,~.,.~ -
i e

= S
SR

& "é e .,\
ey

BT

w’%‘ﬁ"

Rw,,,h

S -;,\/.:);,-».:t.

s

\\ v ’»A]I .

N g

«\\ Laean
5 ,-Q k‘, 5 o

Eoe

\ o e

o .:-,;:.):{g(': i

</u‘:/:’:/ i
3 m..:;».\
\. /}/’

S
\"‘f&"(:’:‘

i

o >
;f\f \;‘ d w~4\

o e
\§>:\. i \\"\

,w-,,\,,n;.m: =

~.'\4\

\:: z-,\ ar

-xk:a,n:y\:.s:«\,,-“\'?- :
R irse i\ R ~\/
e o \\« \:k,\.

e

SRy

\"\”/,«-;r,nx,;&z,(”
e B =
2 -,,,3.:,)\\\ S

S 'Q'\':a‘, o

S
) S
S o

R ‘~‘\:‘\.¢f\\ax¢,>~

fee

-//a e

e
:-x,)»:«»\-;-\.

Shaee \.\.
Sy “'\

< \-~;:A¢,,N

«\ -
=) »: «, i

S ::.'«‘; %

=
'};&

S

- ﬂlrce‘or,

Sevimsti

outwhen 7

o ‘\\\.{;,

Q“" i

i

«-v .:'/ %
s ~‘\~“/$\\'\‘4

S
:;':'v::w,\.; s
s A\

N = e

i
el e
., e e
e
i
L

lemncéfl

\‘ .,\\,, ety

SR
E s &,\,\\..\ o :

Gy

N
;,‘:;M\..\\ «\
:\zﬁ»\,h, S
Sy

il t '

J\\.w,”\.,a e
i n\\w,\f,‘:i» s e
e \‘:‘\ 3

//
; \// -\4",\..\4/

"~~\¢E-‘-
R

i

e
,wwx;\(\m,h.:;f:;;}g/‘
s

-
>>t&<\~-//v:\-<>(<.; -
.-

~\\‘ S
.
e

o "‘”‘.\'h' i »\ S
ol

e s
\\:,\ .A-c.'\ e

o

N
e ’M/

fagﬁf s

~\><~:\“"

Sy
o

%

s

2 conse tive bars
\"\'77“"6\‘2" el

3:“.” G

e
-

,\\:\.
S

Aa§.~.{\\,\\
S

v /\

o
»:':a;;-,.»..<~ -

St

.\.\,,,,A =

S
s -o~.¢;\'\~a\ o

v ,,,M,,,A&.f«
pooa
i N

5% "IJ Gl
o ~"\>;&- ;\:\:§:§'/E{//-',-?”:
G ,(,:;.'.5“

e

i
e :’S\‘/A'--:/
\\} o :,",N\ S

noo

o ;.&\&,
,-\ .\/IA o

TR

° :;aaqddifn."'
= irt"::.tf‘ .

»-ﬂ\-::'}ég{:‘& i
.

s \‘"\/'/..5'\\
e
e

-§.~>\\::..\1:w:§:

o
e
-

. o

\'\\‘-i v\\,:n:;\g,,.,\. o ’\'< \
\-N\a:‘:s\»ﬁ?\ e

SR
\\”\\//‘:::3("'1“\
G ‘,

i //\:,-,&(\

'\-.«A~

,:,\\;,'\\4’

e f}«::\::m &c‘
o
- cav

o o

ey

o }

~=&><\W/, o




G S & i R & S
o SR S i e e & one e Sondmonaan aias = e R

2 ¢ \ : ¢ S o N i > ; = S
i

R S = A
; N B e
i WWW,\ & T ¢

S L e = o «\\\\ e :
S e S e Sl SRl i
Gl R S S 5 Sy Gl \1 o ceniiaa iR
e X Zo /.4».;-%.%: SR e e
foy o S Sxnne SR R L S ,,,\4.\\\-\“_\»
S \\ S S L i ; . ¢e>"w<=~\>.~-<- . S o <
S o Ly : G Zahiananaane Semmmanh ,.m\—.,.,\m\,".,,, e o : o Sy
el e e e T S NS ey o e
oul s mm.'f,’.\,:—\.,,x Sy . e : e e Shan Se e e Wl e S S e
. -x.m%w% Ll .. S e o : L 4 S e
% i onan \ o R & SEREe P 5 b
\,\,‘x\.w:x:ﬁ\ > *"‘&:3:}'1-:;5»0~¢m\ onine Tainataaas ey
3 = D v sy
—A, et boy \,, S - = ey PR -
L \“N P . s SRR St Hak i
e «vg;:.v\ -\~\n-\\:-m dann e “f\"/w- o S el SN e S Far S S x e e
: e 2 R e e s S - ey ,/\v-:s\w Sl s SER e
S S S SaETes S i e D ChhaRUAT iy \\ SRS S
e e e s Sooniiia S oA e e s
. e m Sy R Sy g ; : . - L . -
R o 1. : “TEIHFIEE ¢ X! G l e S St 2
) e : . - g : : ) e S ol dhieniitee
o ,/~*a,,~ - vt fontts el R il Tl e e phmeitat shS S - \N\M,mmwm.,\
e \,u: /-»xv/«- e ':I'n:”‘ i e 7 RS e Iy o R N T -~*/*' Gy S Saaagn e
35 Tk R ,/,/ '.‘ e e 7 S 5 i A RN SR SR o “,‘-‘/ e PO e
G i S S e G o
T 'f.(,\éi‘-"-f{‘}/.v&ﬂ“-f e e e ; i Dy e v L AT
v N\R T S e f/,,,\ﬂ S R A 5 A e PRy P P
S A Clraiinadhinnd caen e il ’,'eﬂc o sl anc "”
AR A - ShrshE
e e -
o Shgie
\\ S el
o e z T
>-¢%;,:g-/,\< = {A\// St = e S
:f/,::«»;-/a; o
i 105
e e o i frod A torbelayivey FIiE: prRpmie e Fanerte
k» PR ’4;\? SR 3&;,\;4 A So N e «_/'-“*\-\'(,«\ et \\ Bt
e 5 Soane S o e o e
S S = SinndeRee PN S 2
2 S s::-\.,a:‘e';ﬁ S FaoaEe T S iR e oty ol
ot J//,:'\ e Q..,Q,»,- R \3_«{ : ,«u:“ 3 el e ] Gaap i o
o e S Laaie e Ve o b Conin \A\\
S - s = G o = S 3 %
A M.‘\ e = 3 \ \'k'\“ SRR R 7 "
o '\-‘-«‘ S A\ S 3 g e - e
\.\ ‘\« s ] '\.\:‘,.n.%s“ s e e "5:,;:“"*" L S -’-’w/m:'\
e A o - «\\:\\,/fﬁ:“//_ : e S /,0 R \-mh e i S :),\;\;y 2 h
S .\ e ':::ox,:,.w\' W i s iea hony
S e \\\;; % = 2 o B
e Q: \«k’\‘ o \\w,\;; o
o Lo SN
o «\:s-. 5 g - 3 ,:\n"»:-_/‘,,":cs,n,:.,q‘ i ,m,\~/\,. e
e S .‘\;33:.;& e emae = s:w_ : X s «4‘-‘-"2-"‘
" ,-,-«.\ h 5 _ i = B e S SRR R 2
L '.u,t:«w-v : R & SrerES et o S G N s ;
S N e i \\.,“,, b ,\ :
o 5 ; o : o i SR 4\ B Y Sk
‘,\W\ N S L : ¢ i x S Ea ke e
e 3 : o
A SR

= ~~:.~.;.-/ S e sranit R e o o Bttt L : S e e

e o & o v s Sy i b fe e 2 S o By i s
Gl i o A e e N e v

oo L --\«~‘~~n s el TR e b e e N
S = S Sin iRl & Sl e e e 5 -
o e Loae] e S ey Saoes - Siie e ‘,;,;.,«xv :
o o e 2 S \»f-r:::-ﬁ»\ A,-‘.\«.:i-‘t*« i cos e e
5 5:4 SR w e \ A8

’.‘" o §‘%

R : e = e
,\ww\-\’--- e sarewyentarsiny . :) o e S B Fe e H
S e e Y e e R & e e s nad P : e
cd ; S o :.n-\:;,,,a\\:'g\{.‘ S e o S S| R 4\«\ S aes S gy 3'»\,\\3;
S \,g- T o] e e By S A % ‘ ¥ G LS A -
Q ,‘\M‘:\'@ St 5 SRR s SR S Ciment S
Q. = 5

i @“‘,ﬁ.\
- SR e e
G ::3:5}'.}'\":-» s i ";'- S o e ' s ¢ Al
x'aw' Shadama e d e e . o b S Ahuan g G S
S S AN, \ A % )\ \«\:.« o ot L L \ oy "1:”,’.“« iy S e L 5 o R NN ‘::-'r‘*,~\~~»;4.,-,n-3W,
S ,\/n-& B SRR \ S ‘@‘\ e vl e e e \ : dliiis e ,« yx S
Rl e B 5 e e \v,//vf‘\*w«\ 2

_««\: S & 2 «w” e %\'* s S E
Lo admmens . e e
N Sy S & §

S e Sy .
/\; -<- \_fzy,: i o e 3 = i '\‘: R
. - S \,,:;5\\;\.;:.«@;&-:

5 \\«\

\\ -

3 S i TRaayesayes \1;\'&:;:

o
S

e ‘\\"\‘\"‘\;«: o SR A T e e Lot ?« -
- s o = § . \‘\ L 5,;;},@;->,;&ﬁ

“«m:‘.\;«,\‘ -

o

o m}.\n\ A 2

e ‘\'\ \~
S % D 5
,ﬁn:,&\ ; \; s L -

22,
2

G ,4§,\‘.,\:*':.\~
o ’ffi S

bl i
\ rhenie R e e ey
\“"'“v X S e & o] B i i ety
i Gt i 3\1 R

S 5 il’\\,vv- Bt S - o
i o SR H oo i :\\/, SR

e - i eea e Shosai e ] b
e s o e S : 5 e : Lana I %
= \\ \-\/&x«;‘. G 7 \.«« - R R % e i B - o .\A‘-: P
> . e ’«Q cls e e G S 3 CiErodhan e e :"("‘"”\
/;\»u§g}ag:,<:1‘zf5~3< S 5 o s N 9} ST S SR L i A
s e G A .‘) :~,..-$«,,;:.~
y i o 2 o
{@ tf») cox 2 A e =
o 2 S S
: S %.»:\\a

o

52 \,x\h G i e B ":}. R R \» R \'"kuww‘ S SRR
\ Sl \,j 5 e N«erév\ - e G ~'>:~‘==>'«;/4/.,\~:;
G “\\"r t\m@}"’ .,,_ ,_i B '\. o L SR ‘\'/: S >$,.;:-\~ 2 w‘:.‘, («"- o S '~\\ e ,",'//‘):-*: T Bt
- ol : L .w‘n '-;;;, e L ,:\,N,,,,@,\.n\ dE - e

B S - i L Arieny S R

2

o >>>
S

oa(e - Lralc TArIecitestesirieeiiiy : \“ 2 ity i
e e i Tt e e e \\.\,\.. i ey e e - [ G
; e 5 tan o aim te. o

\,:3;54.;« -"*;\ \
-

S

‘ \’;;‘-.s.‘ S
Lala e = . S L
G G St e s e i > i
Sob e s Ny 4\, SR G Nae & S
SR Lo Lo e ¢ HqEee Y Sichaies -
> S e o S S SO s S 5 : s
i o S o S :‘(b,«ww/,\ el P -»(:1-';:" S
P ey e R
X o ,.&\:.'Q-\\v\,

SR s T Sl 5 o
*\.:,\ SoE s T S o e :
: T 2 B S : smEEa s e e b : k

///4 0 }

QAR dmnaeniaieie
S ‘.\‘%‘-}vA\ R -:X«‘-:-:::,n\‘ - .§\':,-:' i
S S S ]

M: h,/\n 2 \: S

o e i ! e
\\ ‘“‘/“” i et \ //*"" o iy g A S = R T Grrsanae s -‘,'-‘\‘2‘ e o m\w =
= o - & \

% ' Faae . < 2% S
o l""‘:“/:" A\;‘::\" \ = e 5\:"' “k"ﬁi" SRk : i IE.' ': g S i ”". % \: e '“:’."- Sty S R \\ 3 ‘"\ ST S L":?"z‘nt\:;\\‘\i-\m- é\\ e
SR SRR e - e ' e T Ay e ,-‘ e R e it
/~'»)'~'n‘5515f§i;, e :ﬂ ol e e e \\\\.@:‘:t"‘." e o = > A o < e

"?)3. S ’ 2 e
£ e : Sl ] L :
?IF*\ ieaes 2 ) sl e S v ot e [y s 2 e /,\ e
- : «s',-\.\,-' s e e $ A 3y = -
. . i gy Lo 118 «-& 4-:~'x'~>\\‘

S \,\v. S

,\,./. \

A SR SR 2 .

.A./,,«g Do el ’\\ N _ SueRT o BEESR & & S ‘-

- e s L . 9. v n : w -

-:-> oy b e P NN S S s ] ‘\ X SR ’A‘::-.‘\.: B o Sl e
Lanaiena o Seree e e “W\ . “";‘-. Ak seande ey S s e fe s _«,x-xt\\»\.\‘»-“ e ] e o ‘

G - e S e R e ST Badae e o a1l i e

2 5 e o e i SRS

L \~,;;x<,“f>: M b & Rt 4 o :
S \-w.»“«‘\'f;‘? v = -mm,;‘:’?i"::;‘:‘-' A G P e e o i o :
e o - o P e Crrn ,m,e:::\'é\"-k‘« ST i Taia S »-w::‘-v

25 s T e e S e R S e S N o ,l“

-\-:.m---,;.;,::. = Lo e : So e e R o e 3 o ey
i e s Lo 5 e [ 4 .Q. Ny s e ST o tam ol > w‘»M {;&:\n\& o
ety \,\' e e R & b NG ;t;\.\u-'-,, . -
o SO o - 3 : '~\~'\"“>\'~'-‘ : e

ot Bty -»\‘-\\

S .‘x,.\.\\;u GEa
“\;'\‘l« Al lamps n \w,l

5 \"/.\g:',t}‘,’\wtl.?:,'\ 7
2o

Jeindimiddiiia el e
S “x \‘,‘\‘\v\{“- ey S St ;)\_\«; ] G
-,<£'*A:.\-u:,;,:}ayﬁ\,‘::»':&t::?s“A % & A S : "«*‘M\'\‘v s e i V\ i Sy Sty
i o - i > S e ; Gl
o e : i e o - = L
P G R e et o S e wobael ot \\
: o S ;.;Qm/ o ,,\\, e

Ann A o S e = 5
e S Sonaie - s Dy »,»'\w\%:w\,M\ i i Sy Sy .
\ . S ;?'\:;§,~w\«\. Sy eEia ko ~_ - S SeiENe L

C‘ o S §~~\~:~s N A

. sh Id, ar { ér‘ey - - | AlLL - | Sameas 1.9 :
X o S [ aeriielan indean ,A,l,-,n\n,\.x,ﬁ '1};{' o \v_g

'\*::,.x\,n i o o ;
el Sl i : ML ot e e TALCES S G it
3 7 = L B i \\\,,\4\\”@,\\ Ui iasls T

N s i o : Rt o \.\
M - o T 5 e ek «::‘Q G
.~.~:f\\,~ ROE N e o naen B = = Cavemina e : S & R
g e \,\.‘\:\- o Sl = g SR e e sl ,\_u;\\ She S S
SN TR .,.\\\\.\\ <] 1 St R e e i =

,\/\, el ‘f"-"iﬁ' R S :

Saiaaa = T T R gttt AT = :

AR T i i s AR R Lo s 5 R <

S ‘-'\ T (“““\\‘ AN S RGN e TS \\\ ','A\ o ::<.~:\~\,\\"."<«,\, S SO Eetsin ST x M .}x.'
X e s Sheaes o : % o e S e A};;f;,«

Soted & i ey
' it ot Rs A S W,:‘,\
e o ,\ i S

S 3 e e SR e

'\I.‘u\zw:‘,},‘“' s S S e S Thvae S R SRR

& i e e Q'.‘x\/m - \,. ; e - S S

: : Q« S e S S - S L :,h\,,\,,-:,,:\ e \;:\',\

S e £ .f" S % ik

\:.Au,,f.\\.‘.;«w:“ % //-.4,‘ S e\'w.\ P

i S e A e S o

Lo e i 2 % T S

ey \\ 2 et e o e i \.-> 5 e S ST g AR . S S

- e S e s N e : - > G e S

= G S R RN Diane S o A e T e e o = Sl
S e - - : L ChmEe i Godens e s w\,,:‘,\
S G : o G S e . SN .m\ ~\':$.-,\\’ : i S i

s o 3

..,.\ i e e Sy \\,\:;\.\ ‘“ ,-<\~ o i
o % o ; /,;, e
i : N R S 5 2
T > . S = St o e & "“-_"'"‘. Sondemna a.ovy : e o ) r
e = SRS EEAERS \‘,\g;:.:: Ste R ey y SR S 7 e \\ : o =t
Tt S 5 : § SRR - ‘; e

B

»w.,.‘\»;:\&

22

-\“. A\\.x G ~ Ja?«.n\ R o SoariEa e i « 5 4 ¢
Coalh ‘ e n-,\ e é\‘;. SO S e o
2 : S - o e Thovare \ e ,\\\‘

k

Gy

o

e
'a«’»\'c:;/‘\ i %
A AR B ST 2 AN i AR 0 R A
Ry e SR «-:x»&»-«x‘\\ RO N R 5 « S & i =
T = & SOl e S Srn Coi e L -
Soiiianeeel o Sevies i e e - S

,.'?/

ot ‘ 5 % :

S w{\ i e 5 : . 2 i N \h\‘:h e

\\« el ,Q;\z;\- L o S e e SR e I e 1 ey e
S e 2 e ~\; S e R 5 \; 7 SRy R S 5 4::'.4\}\.:/-,

% e ¢ Hai G Sanees Sady o 5 Fkn ~"~~'.~n\>ﬁv o ‘

g S

3 3 : S

ShmihEn

s :(:x(.;\»\ v

; : - o -
S gﬂ.,\::-» e ay ~\\»W. : \’--?:V:«/.:::w):v-’%'n' S e - ,;‘ S ; R ~\:\ o

- S S e s e el e




domieih S

: e e

5 AR i : S o

ol L = - e e

A5 S e ERARY S % SR R &

e SR 2 SR R R N e e Sd

SRt s e SR R e

S e i 2 ; Senda it ST ey 2 4
R Lot A G A T e N R ey e
NS S = 5 %

-

RS SoERean
= e e SR
. S

T G S feniidindiac e
S SR e S

i e

R e Sl e

_ sl o : T
St S R i

G AR A A i

)

S SR e e
-
i Sasaa i
R A R ST
SRR e e
o G i

S 2 » e e
e o
S S

N %

e e 3 = S G
e ) =
o e I 7

— I eSO
2SRes EEins Hemeea [ SR P
e B i Sy
e e o sals
R

e

o
: i e o PR R
e e 5

e
e e e e 2
SRR 2 i

S

e

e SR

5 1) T 5
& Tl e et SRR

S o o G ’ S

S TS SES e v 3

Seasan

o Al e

Ay SRR
S G SR
: SR o
':“:\‘Vc

- e
SHinAs et o
TR e

L

s TN

i Senhiaees 3 Beeatuan

e i i :
e | a < ;
[

¢ e
: R o
B e e
e e e
G L :
e Sen

SR i

o i
RO e

lea AR
S

et RS
N i . s
S

S Savmniohan e
: S S SEE S S

W e e P N

= So i e e e <

e S , LSRR e

e

e

S
e P R N
ey i \
S
i

SREdoen e T
A b
i >

s 55

o S
2 et e M
it T R e .
% : S SRy sy 5
e

SR

S ik v o ;

eennen i e e - e
SR i

Coiy S Shtiian s e

e ey Srironit

R SRR

. maaa
2 SR S
Shad B 7 *
il R hEEa
Sl s

SR
SR

o

e
AN )
i
S e SRR e
o Bt e ey i : S
S L o i rEEREee R : S e N
P e T P S L LT B
e N 5 > R
o k e o i

S
G S
S e

X B RSO e
5 : e 1.
- e S niEhre el UG le s -
o ):ﬂ:}{:&%\\‘ - ..A.\K‘:a..\\,\:'t,.u.

i

S SR 5 e

sha e S : i e

enonii At S SR Ry AN et Ul o
St A e S Sl sy A | Sy e
o X I M A AR S d LA E b SR ey

R e S i

4 3 e R e
o pawn g G S

e
& s - AL AT :
G o L o

Gl
> = = 7 R S
= b o e

5 5y et * . ». rarey LXK e

St Sam AT ey SR 3
S S ' i 2 s
S Gl

e I el
5 B G e SRS R

& ek e
G 3 2 e
AR O 3 Pooy e T

S ey
: S TR aeei SR
S R e s Ta
3 RN N % N o el e i
AR o i e P R
SR et e o S :

PRl SRR i i 2 78 4

o %5 T
ESAT AR 3.
3 A S . i

i

\/

e AR e

o

S P P e 5 At
S e = 5 ) e
e N S e - o
Sl e e

-

g tnaed b e i e SR
i : Sl Gothian : :

S

i
e

shasaT e e S el
HR S i \

2 e e e e P e e
s 7

S

.

ST

R R G Do S st Lo

Eai i e s % ana e
e AR R SRR i ¥ 3
Rt : - R S

SR

G

e
o e pogmne e Bt e
SenE S RS CE e e e
e o Sl S
o R e

i ¥ e :
el S 5

e L

S

s SRS Ui s 2 e
25 TR Tt AT
SR R e e e
foainae SidEne e S S i
SR i 5 SERE e
eienon Ao S SR

i

Sande . e Ll
Sodsinmadi g ; Dol v n e i :
e S -

S ; i

e Lailaand

e ey Ssem e

o i S -
= o SO e :
S ;

Sisan
Sopene
e R S
: sl
TS e s e -
R S e

e



e

B

S
G

et
Sa

SRS

S Ao -
o
R S
fomsenen s e
e Shies
Lo e
SRS
funtunn
Shoabaaa
e e
R e
e e
Siinteni
G
Rl e R
e ey
S e
oo o
% TR

e

o

e :
e
S

s et
e e

foie et

S

e

o

aen

Soains

SRoE R St
s S

o
S

e

Sy

Goueniian

<
ST
Faae

putases

R
Saanany

oy

T

Een Ry o

PR
o
o

SR

T
S

S
e

s

&
S i S

. Tolerane

R s
S
Surih
R

7

P! Tomic i)
e

SR s
Ger

e

BT P
o

o

RN AR

sy S

Sl R
S i S
: e

i

SR
e

- o
L S

s

gt
Sl g

P G

R M e
Uraeee e a
S S

e
& S
e SRR

ey

e

ot Lot s

e

R e e T e

SRR
Ca e i
R & :

S
2\\ x

T

G

Sy

S
S

Taneaas Tt SRS
G A
5

e
Sl

el

e ST

S

SRR

Yiviesieseiiie
S e Bt

T 5

e

o ; P =S
i e e

e

s

G

Gy S R
SR SRR e

i

o e
i R
Gaimantenae el

e

B g B Fas s

iy

A

A

i

]

R
SRRt
S T

S : \\2«4 Co

e

s

o

SRR

S

N

S

S

e i

- e

£
e

e
bt
S

Sl

e
o S

e

: Fiann e

o

o

S S
S

o

S

S

R
SR

s

S

e

R

diaiie

RE e
S
: R

‘\Sl’ i

S

oS S R

percent

S S oo aia e

M

SR
Bl

S

.

TERi At
Saninniee
S

S
inas

S <

S

S

e

e i
e S

e

S
bR

s it

Sohaiane

A

ST

Sl s
s e
Saaaae

S
SR

s e

7 et
S
e
Saina e
SRS
L

B

W
s

e S e
D e

S o

e

i

T

e
o

aps

SRR
i Sttt
S e e
Shha e g
o



\\,A i
;;:\ e

R
Sy :',-;,1,-( e :\;,»,)
e

S

v//w

':.,-:3\"

o

e
e “'f:.,

:x\.ki(-.::
o

’*///‘*‘/it.\“(»f;/
'~2’f//\<\\~ -

o k/ /
; -:\4»\/;;- o

::g'-z;t ": Z &?\5' =

e /\\
4

{“:\-,\,~\~

e ;

,<>::>£~\\~.\

ax\\;'%\.

ﬁmﬁﬁ

oo ; e

kI
e

4 omaucredu

G

e
\\’.\ i
&A\‘\\..\\,

s
el

\\»-,-::,&.\,): S
S
./»,\X' 5 ,»\,.4,‘,

L o 7:A;§\,-«:.:<,;;mm;.~.,ﬁ
T S
\\-,\E “\ 3

\ y

\‘:7'.
,\..\,,/ G '\,.\ o

.,.;..\,;y:

S
ST

S i, St
A “\,,\4.1.,,,,0: v

o
G »iif,i-:x:‘-(/,} 3

\/’ff

- dra S ~,,,:«,;.,,\\

S < 0

15

0 N“ \

o S

o “\\'
e

"«\“.

= \\:\» 4-::* e

s
.,,\\M‘

b ,\\.My

Sl

37 /...:\:z,,,, %

5 a

— \,\u::,.C =
7

o

e

//, ://

- <:\~>‘>‘/:<- o -
. S\;;i%li"'..é»///f“' .

4 \« o

e
- ,
e
ey A'-',‘% it 2
o

Trrave

e

v \-.“.y\:'«'
, \~.,;,,.3;; - =

'\\ S
:'\~a’\ 5

e 5 "i
e
i

-
s
0 <:.~§:‘,:w§ S

e
>~,;;\: '\::-'

V ~\c, \

T
Nty
o .\.§\.,M\,~..\\«

e \ 7
\

§:.\, 2 ::A

N\\\\x,,,,‘,\,,/\

/

fo \
¢
=

o

- "/ L T
o ¢

‘\«h,

‘, < W*

oy
e

\ G
b
e

Tivaia

- ‘.,3//,«»»
s

\.\v

o /»./.7}, e

<

S},\

'«:.x i /\

S

Y

e
s \/,,m

ot

o 'J-y’-:»\»
o :;\: i

.

o

A

:\‘& i

.
o

B

i o

o

:'"\m a

o
% \"/{-‘.\,13-

T
‘\ ':-‘:\‘:

S
o '-\

\‘.‘ S

\

o
e w/,,.\
/,/"‘

. Q;v =

o u\;‘/w

e

S
\ \

\
-
Lee
o
o

vk

ALF/

A ,‘..‘,‘.i\ e s X\.,\m‘-',"«u,\.,\-‘. o

G S \\\\3. e
i e

25 3.:1‘\ R\ o
o )“«;;.i»‘ % ,0\ -
= o “"r«";u,n,\k e

e /,

- \i‘»,x-::';:e.-::é:\\’ 4:\ <~\,\-4
4.\‘4,. "«,K SR

o -\x\‘. -
s ».
S \ -

i %;‘{«;

\u,‘.»
98 \\n :‘

S ? -

- ./m

e
-

».Hn/\
e

gﬁé:

2 v;:\".
e

2 \,3“%\

7

R

S

/:':mg o
o \\ 5 o
»gr::,\«-\\\\

>~'4:‘-\,,;x~,\; >

-«»’m.&x{ e

i

-
e \,\':\ W
< ,,\\,\ :

\

cgférence

ey

*>,,\lf>'

g e

\\.\ 5

Gl ’;):.'//nu\m\ i:“
G

s ;:Q:\,:

\,~; /,-:>,,\ <‘>
e

iy M@ <r/

el

- ,;s:;:f.\ s
& \"'\\ L e
S

e ; SRR ey
o

e 2
S i
- ‘\\‘a:».\ o \

\..\.v o
o

o

b \

..\\

o
e
& N,A,\»

- \;-;

,‘\-n\:;:\\,.
e

e

uk.:‘,;.,tw:\\.

N

ey ,M’/

N
e

e

e

/» :

?\.@.Q :

Tt

o ,,.(, .x\\.‘w\‘

R ~: -4\\.

'“.,\ o
iy

g

émp,\smon

o ,.e-sxs\.k,\Q
W «\

s o
,,\; },xn,\ S :;‘ :;::" o

S
e

e
e

\‘;1'4“;'»»@;\:\\;:-

T

l{,,,.,m &
Sl
b

‘ G

,;'./»,,,\,,.‘x
e
S = Al\}z

o ot S

AN
S ; ,

W\\\ﬂ.@\“., o
Ny
o

R

.

‘w.\"(’s_a\:;

"':u-‘Z" i

do S
; »ra:;;p:*,.,,;:w,;;.\:.«,\\x\,\\

3 ‘..«/

T

o
et

v

5 \:.«2

S

.3/.\\ Chmia \,.‘.< i

.\\u\ I\, el % '\n“‘ /‘
o o

e ,»\\')'

At ~:.\\"-'\- \

i ~\~\-'.\~;~v~
e

3 b @?\w e -.~;:"<§- o ﬂoi‘m R
B ,.,,.&.;g,z;ﬁ.w.;w \.:,\ S e

R

st
Sl
\\Wh?”.‘\,, R

e

w~ \-(m,« 2
s

i
e .\\>,.
o

T i
~«. ﬁ.»\‘ o

N«,,Q,TN

SR T ':":Ea: %

\z\\-,:m;,

A

\.Wm;;;«- \x.\,,\,,:

M/\'v-/w,

e ey f,,v,-e-
i ».-§/~ f-)le:-‘{’ i -‘\\\\ i
\\ e -M«\\~ =

=;>,::w'-;“ =

N

A\\ »‘»: 2

M\\-. 7 P
- m\xcqw S
o ee

o ;-k
o *Né.‘.a:;‘ S
..«:\"&-:;’:::\

S

‘\~ e »\

%.,u"

-\\:,\.».,M =

% A W "\"./:3:\

= e o
o - \"':r\'/ M\;:y:
-

‘”f‘iq\.;-,:i e

R

/:

//\.

-w:::,::\\\z‘:t: - 4\\&-
Lo 2

\’*» e
o % :. s
»’-:::s;“

(7» .\,\.:u\.\-;,,’

i 1/

g E LSy s
] 'v/-.\..».\w 1 ,,m\ s
&m« S : o

i
o

\/,, e
o

-

o .
o \ o

S
x\ s
0;4:;.,:,\'”‘ 22

S ~;-;;}; S
L
S
G \\\4\
o N.m.\ -

S e A
e
o

o 7

j/,:z w\,

,A,c\ o
"\;

,‘?»)4-:,\4-\ oy
P o o

X e (2
ey
et
.mm«,»

\‘-

S \ =
- 3,\\“\\,\.,/ \

G
N

B
e

L2
e

o
L
o

,,w\,..‘../,

/

o o f/\l
h\:-':;»'/s-(' o
Cn

S
S
SR

max - «,i'.li:
S

L

S

3 ”*,,;‘o:,fm @g

s \, :‘i>>"

\A

,,Mn:h‘\ S
Seen

s e
Ty sl
\} <':<<»;~.».;.



e S
= s Sl

e 7,.,\.::4 S

S

-

S ,:, :\«.\;\ n

o

=
o

i

n»/\z

s ’«‘v’ G Gt
\«Q o \,;w L
SRS ;3 N:):;\%,w,;}x,ma,.,,fwm
:/w“ﬂ»“'/ﬂ"\ SRR A
o Lo
o S
e 3;%/:‘{,
ey
7 \,:,,.,«,“n‘\n,,,‘,;qf,:'
o
Sen :
- i
\ e w:,;a‘a S S o
'«x: N e B

e
’--”“&, can
- ";;:i\‘;@x’
e /»:\ e

o ,n-u oo

«'\'),\\'w‘\,) ohrs

N
e
2 :wf?

S
\

:7//'“,(

/\-f..

w/,

i '; /' S
e

Co

/,A

-
< e

‘:‘.¢\;‘~--;\ s
o

- \ a >:.

i ;4,\,‘

e
e

o e
Grnss

@ \

2 n\\{:&

\\w'vg.; . -
-

s
w\s :‘::«v;\ 7

Sy
N

e
N
e

S //*;ss:-:m.‘
\\
'\§5 2 R
i \<ww
S

a::::)p::\\'::;fi
L e
*\\\"\W e 2 ,;mm/ s
S
Loaen
x.\-"\‘-»"\\‘ﬁ

S
L x';'\:

‘\:.\\ :

i v.>,§

:\:: e
e
e

Sren
a .~~,,§

D /n\:;:x:-;-::w - o
o

S
S :'\"\‘53‘:‘ =
.

o

e
i w\\
SR

S was
-

R

ST
o

o

e

FNee Q;/,W 2 .: g

N

;/

)\4\(/\\“;‘&.-:{:,\ ;
o -;\

f\f\.&w/\\\:/
Sanin f
/‘/-4‘.«,-‘:-. ey
Al g
o x\‘g}.m o

2 ,\4,.,4.\,»“\{7
o ,§,,>\,?*§~:
-

S

M\;

Lo

A
i

—
4”\“:3?

w :n},:m

K/,-u\\,;

il ,\ /,

.M\‘ -

N

N
\\\‘
i “\T\‘

c ~-?:vi’§f:1§"'"‘5\"‘"‘\ 2
Sh
7 i \“k‘/-
e
o

o

o

o :(.g,.;};\;‘,

o

e

i 5

i
o \\,

.,,,<» e

=

SErd Z,'A(:’m}\*.’é\' Sping «:QK"‘(., Tt
il it s
et

e

o
c ::;,a\':/f;
SGomReres

S ,/\\\

R 4.
\"’v.

o ey
o S
R
£ i AL //\\ 5 \\/

S G ,:;‘\‘;w .
3::\3..,.,,;:::.4

‘,.“:n)l\
o o
SE ey
,4//'&-).\ R
/', i "‘\:‘3‘:»-‘:\4‘”‘/\'/
e

i 5
S

e e ((:..r f.,-«:éy;'\\" -?\“‘/"\“\‘N -
S - ‘\v,

L
,\\. i

o \w i

o
Sapn i
o

S
,\,, .t’w\t

e ‘i“\ e

/,:evv\-v“‘\ N

= G

- N
S /‘:"kk\‘.‘).

S S
L

i&»}w:&;’«"«m ,4-<:;¢~¢,44:\~u,<\
.
')\»/' i o

S ;,
T

.
i \\,xw,

S
A

\~\‘::\~ < :s,
S

S

f;"«x\ mm
%‘ "}é;: @

i

e “,-\\‘

‘.w..

i

“'m o .\\ It‘

\\3‘ s
»:;x},

i {w s

B /“///\\ -
% -/..”/2',:0 m’/@,@:f’/
el

e
S
S

S

WS
SR
::':'\Q:..x- 5

e

e

’( & e

i §-\,/ n>\\> e i
e o

o o
Lho il
e

297 .

o

\,/‘

S
Froe

e
o S
o

,:.'x,\s:y
AR ’/ 3

'\&m

- »\; n,\z.,,::

r;; A\' i

m./

i

o
""'?.’/%
o

G
’/\,\ a\\

""e‘r: v::ffz,\’

G

tion

»3
o @,
m"‘:.'i,\.. ,M 3

;:%4

. ;,,.N\/,»ﬁ-.
W

i
n\ o

~;.>:v>;?';

el

,«‘u,-‘\«.: e :x ;

A

E*“'a@-“»w,. s
S P
/.c:w-z = x @'“-‘\);a:"'.s\'},\ﬁ; ,\~

o :v"A,

iR

i \,,. S

c\?ﬁ\

e
a::z;::-é«x::\-

',,\V\; S

e
e
e e
A IR h 0 5

o

,\w

2 «.:{-
\.\ o

,\.

,,m-\&..:,'&

B \\\ 2
S 5
¢~’\i\- e
o

N

e
S

\IfﬁIiS ol \:\\-:> B i

B ’Q,a,, i
o
R J-///(/\

A , \, -,
S :-::i\‘&-“’ j:n

:m\x\n\\
o ,1\5\»»4\: '4 ‘

o \/// ,x.«:,n;::v»

0

N
% “:.:“,“.‘S

&

i

St

iy

o
SRt

HoE B \“ i \
\ e \ \ S ,',1«,,);)\

"A.}

e -

- -w‘\‘, T

L

o

e

Tad \-,,\\»
S
Sl

"\\:3 \ -
g g»\v, «\..‘\\

S S
s ,,,\,,M,,,

Saen

9o

-

*\"“':t‘a";"«""(“~‘> S

o
-

Eh
‘§':«'~--,\i»:\ ey

ey -
e ~<-<-'~v;~v‘ \
‘"‘")’"\‘:«:v",”
N

- o

\

oo

oy \ -
S
Gt

:‘wfez:sz Y

e

S »\ i

'::-,\m,,

Sot n\\ ~\~\

Ve

..

o

,;zw\\,,,,\' 7
e

st -‘<;
e
&.\,.x.w, .4\

e,
Sl

dren «W\m = i

a - 4,\;‘»,;3{,;.'.»\»\\
L

S ,\.\\\~:,-;;, i

T

e

S <§:.C:/:\\,<‘«i-\-<< }'
S

?”{ e

Sio 2
e "\-w:\.-r;;\»,x
= s(-f\ TN
Chaean

Shegees

X 23 e
el ‘««~"//,/,§X =:‘v§;-
B e

<c‘,:.1:~ 25 %
e

,\,,;,;:\\.:.,;:5,\ ;fm\"x\‘ e
i ‘,»,;,)"w\‘,:»‘ i
/ SRmm e

e -

. \ -

:,~ S

e
\ S

e /4 &',;-«'”f;-\oi

\’,‘.‘,./ B

Lo et
"\ \,,:, :x:é‘ié.&//"f -

AR
e

A \~\:;-/ % \' 4; =~A~Q\c:€-
e 5
SRteine s \..\//,. 4
o :~«\ SR

e

o
5 ,/.;x:: o
o

\\l“. o
o e
S ,-\.m:*-\ ,«{\‘, ".\. L
P «-\A' -r\,,\\ \,.u S

_\~::,~:~o;

i e
ch S
gt e

o _“\\\.\ S

G
‘»,;.,.\\ By -
o X\ o
“‘ “\é"“':"\u,;.‘i}.‘
‘”&-M\:mx
S ,KA.'-\\»;}V‘::N 5
SR
nntla e
,Ic><-¢‘:§\,§~,

i

i

L
"*«\:a«. i

i ?./ R

AU

SNy
G
chn
. ///1 -

=

.\N. o

7
%?%/«q 7

o ,m.//m'
"“&*"\ o
e

4\;;;:

G \~
e

L

. o
o "\x‘%‘ﬁ-‘«'i
O

- ,\ e
-;g:;\,\w S

~\

S
=\ ;"\-,& ool \0

o

= ':«::x:\'
L o S
~<\, L .::',:'.;';\:\‘,f e

S



S

=

w\ - .:"’~ L

s ":

o
B

i SRR
- - w.\,\m\\.«\\;u,.
,:.\3. 3

SO
'\ o

S
L -
e

lAPP

— : v& Sk

2
- §‘
\{\'.\./5"9"&"

i .53‘.\\‘:.,\ s 3';.:1; ,,\;,\,-,a'm
S o

o

e -”'" :.\\\,\ i

o

,«.n.’.\\ a5
RS
s ':\\‘\‘;; S

,:,“:\ e

..\,\.\..‘
e
e \M «'bas;_h,,,,«.,.,,\

SR ,,: A:q\.i e

; ;-,.::,\;:

\:\.

o \.\\“.,,\\

\‘Jf‘f,i"'\/-x,x\‘\\m\\
S
ey &

o ‘,I.,

e ‘..,\

S

\ e
o S e

Ny \ e
\ S

,\\'&“ .\\\.\-\ ,~:?-<:§‘ e ,{\5\
e e - 5 S G
RS ootohs: \;‘5-‘-;- e S

& ,,,\; Pt

i
\\\‘. :;a \
S

n-.‘.«m\ o

W‘/\\w}

‘\\‘,,“

S

peE
';3,\'5\‘ e

DO

o .« ;« ,,3,\ 23
.,/\ \‘;..\*) oo

r:;wi”::s:;z\s;.,,

et

T
i

e x:::1 o E
e PEERT
R e

.,w>.:~,n-\\>«~.x:
-

SRR
S
A "\\ Thnes

i ?‘4\\3,::; e

\A e

. S S « e
- \\x.\
= 5 e i
¢ s o o
o ‘n:"m\\‘ 5 e A ,»,-,«,,4.

= Y

. f B
\'a\\ms(m x‘” \
S

S M-‘ 5 L
:\1‘3:,3‘“*\:\

SR
e

- ’-"23'"~ ".Z'\v«\:-:icﬁi'/".: o
< L
e

,.~.,p.\4\4.«~ ;. =
S o
A S

\W.‘ﬂhm e

o \*:/.
-
»;,- ,.m,: \:\ ~,.,- e

AaiEd

S
R

R ,.,\;'«'fa;,\:,--,-m«; ah
e
Gy

ST
\\\\

G

C ‘ ntcﬂme;

,{’/‘A\‘\m,:. o SR 5

G 2 a i

e = “\‘“3\12“‘
o A

o

g :~\:, 3
. \ s
\&,V;,-;,-,-,(\ .\~.a-:'¢:' S

R i
~\<':-*‘:'. i \ A \,,\n-
% «x,,,{\\-;,-

Sy 2 fﬂc\\
S ":: ’k*w.,-v\ SRS
R »?-»:-:.:.\ = *‘*"'~\<*\4m\, %

G

i ,,,m-\

b W\\,g,
e

nw N

\., S
ShmaAl

,."\\, iy Coho
-
. V» ; \

e SR \

e 3 - i

Raaaaan S R
e S sheiier i
o . S Lo

o

o S
o
S
\~;:. -

\.\::s‘\::n\a .
\
o 3»:- =

,}\.

:\' e Gy : i
S 3:.5 2 i i
SOV

T

e

\ ,\,,:\,. -

S o ',}i*f‘?:

- }~< S

G

o 1-:\~ .‘

a:--:.&w;“::x i

T .\:‘;:3=<‘\\"-‘~‘ v
~."->: e
\ 1 a‘:@wx,_

e

S e

S

% M,\ \,}.‘ s

:\'::}:

- '\,\,.\

,\m ,Q

Z *»:.n;:::m;::wm,\.\.rx’&:'«::'

e
ey

s \

i {,\,A

Lo

i

' ,..,\.metraI [ ;x:n

S

-,-,‘.i

it
38 s

R

s

i ’f-"\‘\-‘c?,“\“-}

.

SN

“{ \\ N

\

B «,\'\,,‘.

m. 13111?5

5 "\ ,5\-4;. %

-::f\\ %

ag

h\.‘, S

e

:\v:, 2

S .;;

;':::,\uw

G \\,\ e e

G :\\,¢\.«4\

\:-s-\w,\::'ix S

«~;<.\

»-,:a\. i

b - \\.,W\

x*:.\::;‘

\\-\,\ e :-“\\\ A

G
N '.~>,~, 3

S

H

‘\W a

S
G

o

S ?3,;153;\{:'3‘.

i

i

o

\‘\ .

i
;x‘;-";;:’:&:t

o ::;xvz,:,

«»:.-;\:,\.%Ay\ ,

SR “\' -;:,‘;-\\
S

o V'\f».\::

.

\-\\,,,;A,, R
‘x,.m;;\»&'\ &
i

o e

\\‘{,‘\
Spend

oo \A,

\':i..:f,::\\ i

S

S
L \.\.:,

i
fiees ““““‘x&

e e
o \ ::.:g: ;,\;;,

S v:‘ 2

S

5 :«.\:\

- J =

- \;\

T

,g.w\ e

2
MhEaaa “:5}::,-‘2’&;4\‘5‘:1
- do

i

T
_%‘\.N-,, : A\’ o
H a ‘,\.-:\n-»: «m-‘-“-\'r\a,\.:«::

.\;\“, =55

e
. S
S .w S
\\‘\\,\\\ e N G
CofmEaitias
e
'\\‘Z.{i\;‘y;},w}‘\-,:...,q,\w
. Con

-a-:\,‘.l :\\ 2

;.Q;‘ L :K.,..mﬂ.»..w\ - e

e
v.\.\u\ 5
S

e
s

G
,‘\\,.\.\A s
e

TR S
i N

e
S \\\';.:,,g

,:-\“"\* “‘5 ¢<\a'~ o

A\Q e
,\»;(w =
e

S
e «\-

N >":"
V"‘ s SRR
:-:\w"“ S



a e

AT L A A R i BT A G R A T R R TR
S : Thae i G Saainiha Caabnieaa ;. Al S

S
S

Tl P S

S i
e e

S

Sy P e

G SRR

e

R QR
Ty o S SR S

Sa

- - > e .

: Siinveanh R i i

1 NG SRR AL & RS S RN S IRl

s o P e A P coa
b iaas e 3 % i : b o SRR
- :

e e

N S S
8 e - s e

. Parmmeter. ... - | Faragraph | Standard;. |\ Inifial. |

S o P ] Paaarn TR Pr RS
- s e Sy e :

pre P — e Fo— o i
S e S e ¢ i S sl 5 ; i
S SRy e : S i e o > ab A | : S

- Ao

SR ety

5

S 3 : i i LR o 5 e e RSt e

e S s ¢ i = el iy A SEi

SR P NG Saains o 5 oty S fe s
i : b A i i

e

RNl T et et By 1 i Giin Ly S R
e e o il i S o 3 LR = N = s ) L\"\\\v‘., P e 2 % 2 e e
o SoEs R m e e i

A T

sioae e e Seiiday Prndeaaien s seindu| SR e e e

e SR i > o i S Siedmann £ o
o ek e TR Shssemie e e it
- Do =

e i PGS S

SR 7 e 2 K X
S Sa
o
ey

s Srines SR sonratsnes Tadi e e Baaahaane
\\ i Teldhadae Ly & D SR s e

e S e : S S e o

NN R
S ;

e

= Ciian S

S o i it SRR = o :
Sy ey Y e S R oas ] B e

= o s e e S e o Cou S

el S
S
L

e
S
F e

o

e . e
o R e R ity

2 SR 2 s - ot sl st : Sy

. SR S e e S e et S S

- 4 3 3 Sy i DR R

. - as. e

S S e PSR

Sl

Rt SR S

NP O S L = R o 5

- bl e - - - > o T e

Ciaaiaiae L e e e Ly : Nl e e e
e N Ry e SRR S i 3 5 i ] SR SRR B : ¥ e

e aeae SR Sk v R i

St o
o .. v iy S SRRy Shad i o A e i Tha SRS o
& o cae s e o S s G e L : :‘{{\\:‘h«:‘,,‘:\s:‘,ﬁ\,.

Al S et
o S % PN

e

AT i 3 S AT R i e o Ly
KRR B 2 %
e

F
R R ey Pz
ol

e . = 2 i :
e S St e b i 5 : B o S : The

SR : e Sl s S e smee i et e e I RO R i Shm
Rl i s 5 = At \\\\“\\« et i e \\\\\ G R S e m\\ S

2 i o PN 3 e i
Gy P i i T T S Bt L s 2 S At
‘ 5 S e

o S SSetetes
- -

9% i AR S SN

o = . i

R e R e teg proe e, " S G e i i R
U - . o

- 5 Saaan

e
A

A

: o - o : e Sl Wil e : o
S SR SR R e i e e R A SRR SR SRl s
S e 5 e SR i 2| Lo SHEGT i SR

& S S e S :
S e i e

L

5
7705

jos

e
=

e
.

Sl e

7

LRSS LEXCIX b
S e

i

0

N

. L

e Gl B
e

- : B L

N e Senana : S S S SidEe : o e St i SraiTon e

SR e S R oy & 3 PR o 3 B W st ey i e i B L P s P e
e ) e S i : SRR

S SRR e

SN calnmae e s e SN e s i e ] PN e 33 s R
R A Sindiaate S e e G et st e b e
Feeie =

S -;s‘\k

o Shy
P

S e e

Sl we NN e o SR iana

e e e S

: : e
A S R AR ) st S S S R A

St i R : > G Al SRR Fen et

S & e - '

Chen

S

S SRR e,
e LAy oanad
G SR o

i

st R
SN Sl

&
e i
Sea i

i S 2 ]
i : R TR o o Sh i

R R R
st e S
R i
S

St S e ey S e
e : 2
L i .

SahEe 5 2 =
Sl e oG e e 5 ey
s i e e by s
S

= T -
- 4 i A Shtn et
S S e R
EREhG

G )

TRy Seay e
Taire e st et SR

i

S
S Nemae poand
S i

S5 3 Gt 5 SR ; e [y
Sineen R R N e g Soen S iR B leaede s
Y 5 33 3 e 3 AN :

, i anEs e i 2 o P s Sioheg W S e R

e | S o RE % o et Ty SotaE e i Rvan
SRR % S e ¥ e | o ey : i Sl
el S 5 ol £ : 3 e . GRS e
% e R RRE s SR Rt St & 3 ek _ % 3 i ] Fesban i S %
R 7 3 A S PRSI G b P % S 3 A 2 S 2 S o St AR 5

Sdane -

e SR
e o
G S RS

Ve
Gaaieis

e o e s oab e 0 il

4 O A e e S A = = R R

e

S =

ot e R T

e o o TaEse
N i 5 R R 5 e SR SomESIE e : 3
Shalia e 5

SR S e SR R o S S i i =
S e o S Tt s SR N =

e Lonan = St
SEmmbletie A i & i Dol SR S 5

N : L e :
Ao e e e e N A S R DU e & e S e ; e
SRR R i RN ITANE = SRR 2 ¥ R R i 3 I SRR R e R R R e S SRR RN SR AR R A Y




’ ;:},y.»\\' \« e —

e -
i St ey Rt Rsn e \,-sn.’,.‘\ S
4 ot SR e \““'*l‘“ o
e ST e o e Ean
\\;,\,X.\.@ e ./W\V Ne s 2 : 5
3~j~: ' ,.,""f\-:‘\-v\‘ e T ‘?K,‘
i CEaE S S '~\'“::“
_ = g e ~,.‘§:« : SR
. o A e o i L SR
3 13 i S SO R 5 \a->:wv) ey G IR
\‘\"».w‘ . e \

e e 2 .
s e o

N S & e O S

7 SR A ,?) w.\:w*x:,\x:.» e S \,ﬂ;{:h.., Sl R
L ey - e - - e S i Liaie - = Sl =
e T S s N e 2 i e N e S et nv
e \,..\--\;- Son > e e v S naie = G e Shabaadiiand = S - i S
- \“"“:w\ ;{Q::/‘\.’\"Qn)‘/\ : LR L e T AT 3 R i &
A e & % e e v q y gk L6 g E
o SMaann e e et b8,
Va:,m;'\ ;~:, “\ X Z «% ;4..; At .;§ s e X

= ‘\\E:,\s\-,?,:‘:ia S "":‘3:""?-\2'\".‘<§'

A\,..\A\.»
S TR e

S S
e -\::1‘-‘«--‘
Sk N » = T o
:*\%\" S0 s A @ ~:;/;:;-\~\\ i e --‘>.\~.x
= Zr S e o : e o
\ soa e 4,./ G "~:-’ S S \ S 2 ) & ¥
\\ oo \M,_ %}fgﬁx: \ ‘::'-\«_ e P e

S

G ~§«,‘\-:-3'

RPN
ey

S SR \ o] Ers i ”1'\1"-'\(,..
o "»::xm\ e favs - S

Ly ;{.;\‘;\‘;. Sihw

$ e

G R e \\§¢:,
.gv»;, R o T
S - s

e \
e o A ﬂ:im i s S
e . €8 S s

el A.N.,:\-\; 4;3,:\-: S ,; e 5 S

S Sonbaser sy

o "\".5’ 3

e e i o Ay
P pr S = =
e i : 7

o \“
S \ o

\;-.\,,.\,,, 0
,»”;-?x,j;

\'::x .v.\ i

R
N AR ST e Shsead e 4‘5:"\‘»‘;’5"3 :"--g;«wy:u
G S oo - L -‘3»~.;:;.«'~§.»\ 5 el ;.«‘.\}.&-4\*.:-:' ol e S o e
R ,,\,\,»\-\zn-:- e Sl e \ S e el b L s o e ::,\...\..
LN G 3 s Calm e e SR ceon e b Sooidaa ¥ "‘:‘\w:?\:'-v _ e S 55
\:.‘5_"\4' R ;‘: LR = ';Jx\‘\\g;:; T \\,_ SRS S M S s R At bt R fay o

L P G l.EtIO i /// e S o m. £l [
G eenaE ~">'::;;.< e S

SisEa e \Q\v,-\n,x,-- o i T "“"'/

i "\\ -
ey
-

2 R
" e M*&*‘k‘\‘*:
;3, = e Ao 2

= g I o (\w\w\
Er .,m:@'g.\'\. ; i Date b SR \\ ;
- o e o M R 2 ¢
St 2 o el ,\;}':;:,\:{n\-,-:u':v e R
- e G o

G

% % S G P S h 1ot Z Al A "\,w,

- = doaas = e b ot it S . },Q,,,N
e S Sy < N ol B oy : o
N o _\':=‘:>:‘:c«\' ".s‘\":f- 5 Ha TR e £

e : ¢ o 3

SR R B8 ARy ,:‘*;:.\‘\ SN e &

,;.:",-w ':"} % s %

i

\'

- o .

s

~ T
- .; o

s R \"_.”"_ B A.ﬁ,\i,\,\..})};‘f\‘- e S “\“‘

".ﬂf i w\l,\m: o v\ = -:z.\;»(.;\\‘ -
AR ISR TS . s
g %

T e s
%‘-u\z- S ~;~.«:, ke /\\« o e
L S S ~\,.,\,.\\\/,.‘,':;‘
- -

S o = e % 3 SRR et *' \
~\,\N,.\,i“,~... S S L S L L
S ,m./«\,{,‘?‘\'\w . }é. 5 .
S

oo s e ye -;'.-"ﬂ.'" 5 «\ e

A e BRI -mf'rx\‘,/ i :},.:‘\Z;;\\- = /\\“; SRRy

S : S o & At et T ,-,:‘r‘-.\\:ae*n,,, e

L e N ] e '\\":,Q,-;‘;‘:" e v-:\'c Lo o s ,/,‘

. St S e B aaaa saiiaat \‘,,,.4.,, SR -w-(“.\ Flan

S R o e ey e e e e G %

S Shiogn S ,4, A S e A faan - & e

e s ,\.\,,.M\,u.\ et , =

= ‘_,‘\‘,\“..M“,m\.,\- N S S

SRRl 5 , A ::1 N"V\ i : ~ e
e . o a SR iR e s

o i Say \me e S % S ;;s“' '.‘,(S 2

o R e v 5 e B i e R A B

=;,, S s Sl e e . s - 5

i i \\ o e &

S

e
‘\‘“:‘x‘»” }4 &
Shiee

e .‘\\,zﬁ

o o

Shiies S = e
5 o .,N.\.,,\ : = _’Q\:\
N“\ : 4\4- 3
el e ! i
AR R '\-\\ SIS 5 NS e
e --*‘”-\R\“ o
oo <,;,"<;;\<‘;g:.\ Whne : Y
i i 4\-;,\,4;\‘,4 S e L ."\"\,‘%,\\m
Sails g GEnEN S S
«‘\\3\*‘/\'"' oot Sumimae G i ~,~y>.\"'\“‘x.\m. = S :\4‘4;‘ &\ ' s G S SR ;,,‘,;.(.V,&. e
Hivd ,-:,M.W\,)A.e. - \‘v,,)§<>:v;-x\ o ‘\‘{':},"@:{ o /\ X ‘.\\ A&'w:\\ e Ry Ry Q : e ] e S S
Rmaiy S S ..’\n,,\,,.\,: SRS s i e
2 o ,:};\:;<\.\‘./.:“' R R e
,<>“‘ »\ chleR ‘:.:-\1),;,, i L &

o S
A

o S S S s e Caata “

. costcisie bt Do e "‘\(‘“»‘:lw.«,\y“‘ Socdn i s

SR e e T s e P SRRt SR

e ,}x: ol e A i \“:,, S et ,‘w,,,\\ S

& s PXLH TR ryeite AreT iy e AFLAL sl St \\~\""‘

N O e B R T :

S L
e TR v : ~

o o
L

S i i e e e o % : Sl

-\»»-,;,\\. e \" = e i o

2 3
o 2 % @ N _¢4~->.4A>: )
Stk - o i i
‘--,:..w m\ & SRl T FEER
- s ok Al e ] b 1‘.:.\,-3.{-"',»-,1\'. Saaan e
e L e e Sl e s
o e oSty S hne e
- e ; e
SN S e i
S e - o ~.~Q‘.~:o~; . L
ne. e o o
- R

2 .»\4«1\«» i

T ,\Q_,,,u Seg e

: TR S
{E CEE Eos R ke Py
i ST e Sl [Tt s s e e \rén
4“3 Sl S R B »,\;f"‘\«;\A S S e s e

n, 5 - S
S Ao daeanaene
\\m\m - s S e I i RO -\,w«-\\\-.§ =
\ e

Py . T
\'< iy * o e S eaaaeae e
S B 5 L \ S = e s :
= \'ew.: S N G e .(A,-‘\.\f;g;_: e e
e G <;;a<,§:',:§f*\.:g by - SR SR e e ;%‘a?ﬁ,\:/-;
S - : o S ; SR e i
= Sl y Shnaaa bl S S e N
e e v;'\n SRR A 2 S Lt % S Grdnonis S S : 1'“"
-.>\\ e e : - (=0 1D -
W..,Q G o . - : o e e P . ,\.\\w 5 e
e PR =
- A\ e =

"2.\'?-(‘: i 2 ,\f,ﬁ"\
- S G .\,,-.\:\.
S e | S S £ Lo ,\,.j 3 ,,}j\"i,xp;)\,\
’/4':39\4)«-3:': St \: o S o \'~' xﬁ S \\ “"‘
o

Do e L
SR x:'.\:n\ SRR oy
K S - s J
.K;-K.\;;.\,;V\t S :
v

o /,\

o
= el
¥ i EIE 5 o] e .,\v:.,\-\\\‘
« N o G ,-\m;,,.‘ : . g s X D
PR i ,3-\-’: ey ' : 3 e i
.,.}7,;\:(,:.'\* SeE \'» ARE
e w\ > T

e G .‘\c\.,,w‘
e T %

i
:h\‘zﬁf‘"@:»;;:-, @
S Caid ;,c\.\.w\;‘s:}

St ""\f//\ Sy i >\’A\ ,,\\-;-‘ J oy
= 7 Pt s S w_.-,.,,—':'2.'\\'""\“5«-«:»\-“ & ".\"‘“’v o o . \\«
e “..\\::;““ G ) drseiasesi e e bR S S ] B C b

3 S G e Sl 5 R s B - i e DEtpTE ~-‘ \\ SR
7.»\::«': e e e S '-; ;~\_{,~- S sy
3 f.“::;\,\,-:e'\::::;':;ﬂa« G & - o S S e
e :23;»\»»\“,“ SR

- T ,,-:,..,:
e -

N S

O MR e
G e R

SNERERREES \4.;3\\,

A e

e EniamorEt e i

SR e ,:-\~a\,,-- e

: ST o S

LR o 2 &

SR u\’-‘\';"‘,\" e R R

R SR

e Z ',’:'\'\13‘;‘?3}'/ \”' R
o 'm s i “‘.-’;«‘: e ““‘\'-33'3-‘4 <-"’~:,<\~3‘ i
2 e S - \U:H S S
oo - SR . o S ‘ e
S ~:.':s>o\-':::* G S TRV = 3 5
SRR ey ‘\,. S X % ‘"
. '3:'-;. T

2
i - ¢/ R "-\Mw\m S >
~«::'\-r'.~\. Cramia S

U\V\x,\v

% S e -.\,v e s

PR 3 \\. ~ 5 24 “\'.':i- & \\K‘“‘i\."\'m“v

= e \“‘&\., =
e o S

! . e e . Sy
S S e e % =

s
;w\ o

o S
= G e : ,:‘)\,n\..‘\.
i w‘“ ¢ S =
Aw,\.:

‘,.\ i

i : o ok S S \-'§-:‘<.~\~"~\ .
o ; e R R T e SR
it SRS \'\»« -\:'t'.:; : 5 :;;\.\m' X SR
M?.\,.l,» faniiy . 5 o

Ry S By \.‘\-;'\':\'1“‘*"’ e " G
e i mnaesene S ‘\-\':w'\\ .,t,“ SaAS Sran e R
e e Sas e 5 e ol

iR : e

S
TR

P Se e \\\'\\\\
e Sy “ e o e i : e : = e A.f‘-‘-:'""«-\' = -
\. ‘:‘c“:. Siane e Q; S A s SEL e et e :,{‘»}f%,, S ’a.‘,.,, S S 5 R “‘;) S S "i-}}; 3:\"7';:7.\.‘% R
o = i SRRl i S T L R \~~~-4>..~,.c§,-; e m;.:\m w e \ e e Sy T i ,,\,m‘\»‘wv
- - - ‘ : P : e . . e e
ey s R e Shie Siaeeninae i TR e Hi e e
w\ - S e : 3 e e s S e e
Eie ,m 9 , S I e R < S i€ o LR g ‘""
; i \, T o \" ot Sngras 4 i R \a:::w-.s‘\ o Sk SRnit _,,‘.,,.,\\:\h‘,\ S
S 2 i .w(.}. i s R e Sl = G .,\-\ Lo
T e s“ g""‘ :\ e S i oy S e Sheinn : R e Shuhas
ao 3 S SEe s L i o ‘.n»":k-,'a i G e s s = Cebnanw e &
S SRS i L & AN S ;';'\\-n\‘::,\.h. S e

AN
i A iR
sesassy AR



&ﬂ:.\,:«:o»;:«

et

-

S

o Q\::: -

e :\"\,

B

o

S

{_}AK, S

e

---,«,.,,{,0:;‘ e NN

T
e e

e \ ~:<:-s.,~><,,«

SR -h.fé.; o

GEvs et
i

i "&:x:.,«\wv
SNy
L \\“ e
\&
Shs

o
N

"\‘.\\u‘
-
\\,\\ug;«

o \\:‘ e

o

;\:o.

o ‘\3,.\; \4
B

--w\\, hon

- e

S 2*‘-%\.;:-“;&«&‘“

S

S
5 ‘,;4('»\

::«?,X :Rz’»/'

S

e & .\,n« e
o .

it o \"a«:/;v-\(»

a ey

e 1’“\
:\,;_[‘:.,9,%\\1,\”., /
e
o e Q.:-:
au -
,.\/ '\\ B ,b” ~':,,. %
.pg/- m\--,,; o o
< J
g e
L o
i-,..z,, fo;a: ‘, i '"/" - .
e \\’V’\""ﬁ‘:(fé'('\;ﬁi--‘w» S \\’;: ~x:§':\\’§‘"'<‘ a ~:, ::x\n.w,: ;\',A:;
‘::,,,w,,\ e e
\ - - e
- \ “ L :\\,,,;,x )
o ,@,ﬁ,u T ey T
.'-;: S g o
‘\,\ SHas S S
“ o - _\jt,“,\:~ aa “"'f: - \‘;\:‘"““"“’\" S
% , - i e
o ‘:lx;;::: / e Sy ,)u,.%\,\.‘,x.\ﬂ
) TR sty v R
4&\\4\»:413;,»,\‘3,««&" o \ e [
R 4\\? e /\ e &{:,.\ L
N
S

““‘L’.’ b \-\;.;} S

a ",\*\:',-\*:?S >
Lo

s
e
G

S
"«vl‘&'\;-\u.,‘ S
v“ aiy

S

\\\\

e
\; S

o
:\\ &

S

- ..I\,II ”“

m; i

& \fw-\ ~\~”/
\c-.,.»x

.\

ey
e ,\:\n <\

e »g
\,\.\. =

o

ma;,; O w :m =

Cautio

\*'/t':\':('mn

R i
f-"//{«¢§r\§:§

"-\- \‘ o b .
’-:x.\:“ S
. ",f,/,“;;:;;,.“\«:

o
S i Cf

’>§J§\"” '\
S

S

o \f'»“/'\‘ ::;f:::;

S

e

s 51:\
C\Tg‘\.w‘\:}'\

o .ﬂ\\,

S
"‘-1"»:\' e

‘,\?. o .:g&*x'- E

Shad S

'3:-:.;\ -

.\\\ “.§

e = \\ -

»g\
. .
o \

o 4“\~‘~"=:a¢:..\ &

,\:\.«,, i ,Ax

e

N
e
Sh

- WomEnsiariean
ol

& ,A.\.

o
Bl
-

v
S

i

s‘\,:

S

\-\4>> -

\w'-\,\‘ i
S

cins «\

R :\'r\‘»"‘*:‘\\"

o ,,\ '\\~\m,

\ G

G S

Soig

-

e
,:,:\\\, S
fad

S @,c.::.:'}f}
S \(’e,;;;."
\Q\\ﬂ A« i ;\\ w - ,\,
- L
S

AR

o

}‘-‘a:%"»»n
e ‘g' R
S 1,:;:;\.'“» b Fo

o \\

»,\,\ o

1
e
f‘&«\,\\\ o

S “.s\\.,,w
el
T

\;:..,,\.?
’:N*ice’t\\‘i:&' N8
0 e R m-
B 'w\«« §4
e R

Shdiune

=
‘\‘\2\\' - .‘\h:.\,-\\,-,‘, v
e

o

A - \ i
e a o

Suerdy

- "\x:f? &
o

s -
o Fu e‘»:\(.f;«: i
- Tt

T
i

-
e

\':‘%" :

‘. \ &’.,,&' e
SEnant ,\\,,}'x\x:“:' >

'-~\\3<<\.~;5>«-'~w.\?«\.\'»,\, _ G

\:/ '\“

A,-\-x:\-: S

‘4 i \\ 2
ﬂ\«
- -

\\

. \>~z>:~,;'t, =
.
.

S %
:V,-“M\nw e
i 0:2‘.'\0)‘3’//'

RSN
“.‘:\/'\-\.

. o
v
U
Yo “N\'\N
S «\4.\,\;\\::;, w,,\::' _
S ,m,gw,

'\'

:«,\a:}x ] ks

S

.\.\«\, \.\ o
N

- / L
- @.«M.

4,,::5 % »-:‘,a“-é:: i
S e
SR
L ::4\,\\\“:“:-‘,\:?,
-~:'<',:u.<\; X

Chaan

P \
\

o

S o
osin
-?4,;4 o K:;

e

S :\«- o

-
o o %m\m o
o

/\ S o 1C.
c e \ .::\\ Sy Siesen
R «\;;?;;::,k‘ S Thades *\, S
A A :“ )/)\ t:.\\.'/ ;,
i \::c‘:v' Siasian
e ST
G ~/ - .>
- "»".-\\\, -

,,y.\»,.w-,;\l&\.,:\,x-k\
B \‘-‘A, %
o

.Saffﬁ'.éf

e
L -
e \

Sith
;»3&:,-,-

A,.}
SUR

e T

-
R

e

S o
. .

L ‘"C».‘“‘... .

\,v o

\\‘

et b
o m,,.\(.‘.“ L "\’\;::\-3

\\A \'
. S

&;,S.q;::;;/
o

i
4~<c>:.;:“ e
e -

\ b
: &v o R e
\\ e :},\»1":!'\\‘)::,\

e \ﬁ Sy
et
‘\“/ - &\:4.\:
\\ o ~‘«~ \&«-,,3‘4:‘::
AR

>~"“‘- Saiaien
& :?m -
( \-\/

S ¢
‘\'&*" m&.\?\-{,\ﬁ
A

S

\\‘.;-“‘l& s
T

eae
i .K:A-:: L

,.\

R,

- f,\ ~;

}- \\.,

% s
’ Ay Vi u§(\ 'w:::
\bw

AT
e

“\‘4‘ ":>§~:..\‘:;»‘ o ‘ -
B \n?: %2-;\«-»3:3 =
SE o

o
-

et e ,‘,:-* ;.¢\2‘v
L o

& e
T f'\"\{.,
B8 < u.,.,;yt\« 5 S

""\“‘.‘»"4:/4 S \\‘. S
L i

< \ e Siie o .:M\ S
\a'*; 2 e
sy "“/\
g e
M S
- o
-

Gt

S y/
:\~ e ;;;(, R
S S
S

v

i «\ 1;:;-, \_ S

-

e

\\\'"

B

N

2o

//\\y\'a,\

ey .~,\\.

SRR

\.~

“\:x e

St

L

& S
«:5 e (m\ o
S m\ A
e o
'-\,-;/:'A',“- S
: \:r:.;'(-:.
S N,ms-;;&‘.«
- A
S

S e},& =
\';)n.'.\ g r,i,\.c,\\
o

‘:\-;::A\.s.\ T
S w\,\
= '.;\';,.-“N.«

s

i
e

\

‘(l‘,,\»

e
(4:5..,,0“::'\-«‘\ :

- : .\ o

S
PRt J\R'.C,,‘

'"k b /M
~.:,\\\a.'~:,\w;‘-::u
i SR
o : ‘.«.~-‘;:<a\‘ ,
}f(t‘.iw 2 e y\:-- i &’\",",‘V‘:
><:‘-‘~' S o
55 2 W G s
S i e
g H.W\\
e
S ;\‘,x:-*gw\u ,\,-,.5,-\ 4_«\.&. S
\
t,»-,{-,\kg‘\m o
\~:\\ e
Sy ’«v’“‘“)\'--:ku .
i
« \ o

; w-r-» o ;\;\.,
o :;;:‘:\&ﬂ-*w‘ 4‘~<<'-::$.~ - \\ﬂ
.e.,nx.w;,.;.»,;‘,-\\\;" . —

R A\ﬂ\;:m\,«.«,«.\ Slioinae
\w‘m\-\ TR ;;.:: P §..~r\£.‘-:~\.'~\\
w\:\;: s
e
“/.f,, T \,,, iR
AR















*

3M9/2002 6850.5C CHG 4
Section 2. VISUAL APPROACH SLOPE INDICATOR AND
PRECISION APPROACH PATH INDICATOR (Continued)
Reference Tolerance/Limit
Parameter FParagraph Standard Initial Operating

“#103. RED FILTERS.......ccccovvommmimeinsririnsrinnsnns

~* 104, OBSTRUCTIONS........cimirrrerreenianns
105. REMOTE CONTROL ....ccoeccniniiincrnncarne
FUNCTIONS,

106 PAPI LAMP FAIL CIRCUITRY
TESTING

a. Annunciation Contacts Resistance
with Lamp Breaker Closed. ..........

b. Shorting Centacts Resistance with

Lamp Breaker Closed ........ccoccovn

c. Annunciation Contacts Resistance
with Lamp Breaker Open...............

d. Shorting Contacts Resistance with

} Lamp Breaker Open.......c.cooocieiun o

107.-114. RESERVED.

Instruction book

348

Order 6650.6

325.b.5

325.b.6

325.b9

323.b.10

All filters on

No obstruction

Operational

17 kQ

0Q

0Q

0Q

Same as standard

Same as standard

Same as standard

F102,-0Q

+10,-0Q

+140,-00

At least two filters
on with lamp behind
missing filter
disconnected

Same as initial

Same as initial

Same as Initial

Same as Initial

Same as Initial

Same as Initial

Section 3. RUNWAY-END IDENTIFIER LIGHTS

Reference Tolerance/Limit
Parameter Paragraph Standard Initial Operating

— 115, LAMP OPERATION ........cocoiiiriiiinnens 329 Allon Same as standard | Same as initial
= 116. REMOTE CONTROL..........ccoocvnneicrens Order 6650.6 Operation Same as standard | Same as initial

FUNCTIONS.
=*» 117. VERTICAL ALIGNMENT.

a, With Baffles ......cccomiiinirnmranesiens 330 3° x1° Same as initial

b, Without Baffles ........cooorivrnnircnnns 330 10° *1° £2°

€ ODREIL.....cooimciiiitnmnann s Instruction book Lights plumb Same as standard | Same as standard
~* 118. HORIZONTAL ALIGNMENT.

2. With Baffles ......cccoovvereiieceiienicnnniinnes 330 10° *]° +2°

b, Without Baffles........cooooniinnasrennen: 330 15° +1° 2°
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Section 3. RUNWAY-END IDENTIFIER LIGHTS (Continued)
Reference Tolerance/Limit
Parameter Paragraph Standard Initial Operating
¥ 119. FLASHING RATE.
B REILooneooeosecerirceessesessrnssnesenssesense 300, 120 flashes per +2 per minute Same as initial
instruction book | minute
b. ODREIL........ccoevmmrrimrerernsansssnarsnssrans Instruction book | 60 flashes per =] per minute Same as initial
minute
120. INPUT VOLTAGE......cocorrmeeceiiriinirennas 331, 120V,240V, or %3 percent +5 percent (for
Order 6950.17 set transformer exceptions see
tap for the Order 6950.17}
applied voltage
121. OBSTRUCTIONS ......cocviivmrrmesivinensas 348 No obstruction Same as standard | Same as initial

122.-129. RESERVED.

Section 4. OBSTRUCTION LIGHTS

Reference Tolerance/Limit
Parameter FParagraph Standard Initial Operating
130. FIXED OBSTRUCTION LIGHTS....... 335 All lamps on Same as standard | Same as initial
—* 131. FLASHING HAZARD BEACON......... 336 26 flashes +14 flashes per Same as initial
FREQUENCY (300MM CODE per minute | minute
BEACON).
= 132. ROTATING HAZARD BEACON ........ 336 12 to 40 flashes Same as standard | Same as initial
FLASHING FREQUENCY. per minute
—* 133. FLASHING FREQUENCY OF............ 336 40 flashes +2 flashes per minute | Same as initial
HIGH-INTENSITY, WHITE per minute
OBSTRUCTION LIGHTS.
-+ 134. LAMP SOCKET VOLTAGE................ Order 6950.17 Rated lamp +3 volts +5 volts (for
FLASHING FREQUENCY. voltage exceptions see
Order 65950.17)
135. FUSES FOR TRANSFORMER............ Order 6950.18 Not to exceed Same as standard | Standard +0.0,
AND FEEDER. 200 percent of —25 percent
transformer
rating
Chap 3
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-»

-

Reference Tolerance/Limit
Parameter Paragraph Standard Initial Operating
136. ROTATING HAZARD BEACONS...... 433

a. Beacon Drums,

(1) 36-inch ...cccrveeicnneennerans

(2) 24-I0CH corvvverrreerscrereerens

b. Lampchanger.

(1) Contacts with series coil
energized.

6 revolutions
per minute

12 revolutions
per minute

3/32 inch

Same as standard

Same as standard

+1/32 inch

Same as initial

Same as initial

Same as initial

Chap 3
Par 136

Page 54-1/54-2


















12111/97

6850.5C CHG 2

CHAPTE'R 4. PERIODIC MAINTENANCE

170. REQUIRED MAINTENANCE ACTIVITIES,

a Genera}. This chapter establiéhes ali the maintenance
activities that are required for lighted navigational aids on a
periodic, recurring basis, and the schedules for their accom-

plishment. The chapter is divided into two sections. The first

section identifics the performance checks (i.c., tests, measure-
ments and observations) of normal operating controls and
functions which are necessary to determine if operation is
within established tolerances/limits. The second section iden-
tifies other tasks that are necessary to prevent deterioration
and/or to ensure reliable operation. Refer to the latest edition
of Order 6000.15, General Maintenance Handbook for Airway
Facilities, for additional general guidance, and Orders
6950.17, Maintenance of Electrical Systems in Buildings;
6950.18, Maintenance of Electrical Distribution Systems; and
6950.22, Maintenance of Electrical Power and Control Cables,
for specific procedures referenced in the various sections of
% this chapter. Two or three digit references such as 71, 115,
and 345 are located in this handbook. ‘Those such as 3.3.2.2.3
are in T1 6850.87, Dual Mode ‘High ‘Intensity Approach
Lighting System (ALSF-2/SSALR) System Type FA-10700,

*

b. Supplemental Maintenance Instructions. For visual
approach slope indicator (VASI), precision approach path
indicator (PAPD), runway-end identifier lights (REIL),
medium intensity approach lighting systems (MALS,
MALSF, MALSR), omnidirectional approach lighting
systems (ODALS), obstruction lights, short simplified
approach lighting systems (SSALS, SSALF, SSALR), and
lead-in lights (LIDINY), sector managers shafl:

(1) Arrange to cbtain the regular visual checks from
any reliable source available. This may be accomplished by an
FAA maintenance technician while in the area for other work
requirements, pilot reports, airport manager reports, fixed base
operator reports, etc,

(2) Where required, negotiate an agreement (preferably
written) with non-FAA personnel to visually check the facility
operational status and immediately report any burned out
lamps to the proper FAA office.

(3) Take appropriate action fo correct any out-ci-toler-
ance conditions.

Section 1. PERFORMANCE CHECKS
Subsection 1. ALSF CATEGORY-I SYSTEMS
(ALSF-1, SSALS, SSALF, SSALR)

Reference Paragraph
Performance Checks Standards and Maintenance
_ Tolerances Procedures
% 171 MONTHEY ...ttt s s 71 294;
Make visual operational checks of all lights, including flashers, on 3.3.2.2.3-10
all brightness steps.
172. QUARTERLY.
2. Record meter TadingS . .........ooveeveeeeeereeeee oo eceseesreereeees e 74 295: 6.2.5
b. Check ALS monitor circiit to LOWET.....c.ovv et 81 296a(1), 296b(1),
296b(2)
¢ Check SFL MONitor ....ccovecvrvereeicer e e 81 297
d. Check SFL flash Tae ..o vviieeceece v eee et a et e b e 8¢ 300; 3.3.2.25
e. Check brightness step changing tme ..., T6a Instruction book,
TI 6850.87,
Table 3-14(5) %
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Section 1. PERFORMANCE CHECKS (Continued)
Subsection 1, ALSF CATEGORY-1 SYSTEMS
(ALSF-1, SSALS, SSALF, SSALR) (Continued)

12111197

Reference Paragraph
Performance Checks Standards and Maintenance
‘ Tolerances Procedures
173. ANNUALLY.

a. Check ALS 15-minute timer for brightness step 5 at the tower......... 76b 298; TI 6850.87,
Table 3-14(6), (7)

b. Check ALS menitor for each 100D .....ccovmieiiinisiinicsininesiscens 81 ' 296b(2) *

¢. Check vertical and horizontal alignment of all light fixtures............. 72,73 299

174. RESERVED.
Subsection 2. ALSF-2 CATEGORY-II AND I SYSTEMS AND
ALSF-1 ON CATEGORY-II SYSTEMS
: Reference Paragraph
Performance Checks Standards and Maintenance
o Tolerances Procedures
175. WEEKLY.
a. Make visual operational checks for all lights, including flashers, ..... 71 294;
on all brightness steps. _ : 3.3.2.23-10 *

b. Check ALS monitor circuit to tOWer........coveovicinicnicniiinnn s 81 296a(1)

206b(1)
176. MONTHLY.

a. Check ALS momnitor for each 100 ..., 81 296a(2)
296b(2)

b. Record meter TeadinZs......oooevemrenrrersiminsie s ess e ine s 74 295.6.25

177. QUARTERLY.

a, Check brightness step changing ime ..o T6a Instruction book;
TI6850.87,

Table 3-14 (5)

b. Check SFL MOTHIOL ....vvrereeceeeeeereers st ssm s s ses e 81 297

€. Check SFL fash rate ... 78e 300, 6.2.8.3

178. ANNUALLY.

a. Check vertical and horizontal alignment of all light fixtures............. 72,73 299;62.8.5.1,
6.2.8.5.2,
6.2,93.1,62932 %

b. Check ALS 15-minute timer for brightness step 5 at the tower......... 76b 298

179.-180. RESERVED.
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Section 1. PERFORMANCE CHECKS (Continued)
Subsection 3. MEDIUM-INTENSITY APPROACH LIGHTING SYSTEM -
(MALS, MALSF, MALSR)
Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
181, MONTHLY ...oooiieceeeecvverresarernir st it s aat v e s e et n s naa s s n s e e e s s rans s ane s e 306
Make visual operational checks of all lights, including flashers,
on all brightness steps.
182. QUARTERLY.
8. Check SFL f1ash Fate cccercenm et remmssesses sovmseesseesssmsssnssnns 78e 300
b. Check remote control fUNCHON .vcce i s e 79 306
183. ANNUALLY.
a. Check all fixtures, including mirrors if installed, for vertical.............. 72,73 308
and horizontal alignment.
b. Record meter readiNgS ....coviomieiseresrrmsnsssessinsnteessssnsatensseiassssanssesassansnse 75, 78f 307,
Order 6950.17A
184, RESERVED.
Subsection 4. ODALS AND LDIN
Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
185, MONTHLY ...coovivcarreremreesstratesrssassssinsts s ssasssinsssisassstsnssssesasrnsas ssess shsssns 83 3i4
Make visual operational checks of all lights on all steps.
186, QUARTERLY ....ooiiiiiiininivaisressramaseesas e st cs st srsssssssasasasarssnssentssesnss 79 315
a. Check remote control functions.
b. Record Meter Reading 83 36
187.-188 RESERVED.
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Section 1. PERFORMANCE CHECKS (Continued)
Subsection 5. VASI AND PAPI
Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
189, MONTHLY.
a. VASIL Visually check operation of all lights and ......cceeineecconienenns 90, 91, 92, 320
lamp box alignment. 94, 96
b. PAPL Visually check operation of all lights and .......coevnvivnrincnenns 90, 93, 95 320
lamp box alignment,
189-1. QUARTERLY.
a. VASL Check vertical and horizontal alignment........ccoocormeirrcninnnns 61, 92, 94, 324
of all light boxes. 96
b. PAPIL. Check vertical and horizontal alignment.......cccmreereeceisan. 93, 95 324
of all light boxes.
190. SEMIANNUALLY.
a. VASL
(1) Check operation of CONIOIS ..o snsc st ceecmess s o 99 321
(2) Record meter reatiNES woeumiririmrmsiriniirise i esssossisenens 100, 101, 102 322,
Instruction book
{3) Check VASI-2 tilt switch....cccoccmmsrneniriiicscnr i 97 323
(4) Withdrawn - CHG 1
b. PAPL
(1) Check operation of CORITOLS oo ivscnniis e snesne e e 99 321
{2) Record meter TEAGINES (.ovrivierrrerricaeresircermeressresmcsesenssmesestrsssusase 101, 102 322,
Instruction book
T (3) Check PAPL It SWItChES....o-.roesrsssessomesssssssssssssssrseserne 98 323
(4) Check lamp fail circuitry. 106 325
191. ANNUALLY.
a. VASL Check remote controf functions (if applicable) ..coiervenrennine 105 321
b. PAPI, Check remote control functions (if applicable) ......cceccorveervreen. 105 321

192. RESERVED.
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Section 1. PERFORMANCE CHECKS (Continued)
Subsection 6. REIL
Reference Paragraph
Performance Checks Stardards and Maintenance
Tolerances Procedures
193. QUARTERLY.
a. Make visual operation checks of all lights. Check and ¢lean.............. 115 329, 345
exterior as required.
b. Check both fixtures for damaged or misaligned lights .....ccovcevennvnens 117,118 330
c. Record input voltage at power control cabinet ........couevvvecisivessiersera: 120 331,
Order 6950.17
d. Check device that shuts down REIL ..o NA 332
if one flasher fails {if applicable).
€, Check flasher Tate ...uiecrrreeessiiss s rsssersssssasssssnisssssesasressessees 119 300
194, ANNUALLY .....ooicevrrrreeersssrissnismmsmsssisssstisassresmnsseymseanscoss brsmssrsass omsstnasas e 116 329
Check remote control functions.
Subsection 7. OBSTRUCTION LIGHTS
Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
195, WEEKLY cvicvrrrericieicsinisesesssrassrssnissasssnesissssssssssrsnssnensssessssansssesssssssssanasnntes 130 335
Check for burned-out lamps on installations with single
obstruction light fixtures.
196. MONTHLY ...ooiceirceerercoecisssssssissnsrssnnsrasns sssassasssensternssnessssnenaasasasares 130 335
Check for burned-out lamps on installations with double
obstruction light fixtures.
197. ANNUALLY.
a. Check frequency of flashing and/or rotating beacon ......ccoeecicieen, 131,132, 133 336
b. Check operation of automatic control devices and alarm circuits........ 145 337, 431, 432
¢. Check focusing and aiming of lamps....vev oo iceresiecninneniisnes s 151, 152, 153, 154 338, 434
198.-201. RESERVED,
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Section 2. OTHER MAINTENANCE TASKS
Subsection 1. ALSF CATEGORY 1 SYSTEMS
(ALSF-1, SSALS, SSALF, SSALR)
Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
202. MONTHLY. Visually check for damaged or misaligned lamps, .....o.ove.r 71, 72, 345
and cleanliness. 73,77
203. QUARTERLY. Check the approach line-of-sight clearance for.............. 30 348
vegetation and other obstructions.
204. ANNUALLY.
a. Check all light supports for rigidity, proper guy tensions, ........cerineens NA 346
and obvious misalignment.
b. Check oil level in regulators (if applicable)......cvrnrmreennisnersenennes NA 347
c. Check all structures for rot and COITOSION......covvesrerirsresssnsncssresssesnsenns NA NA
d. Clean substation compartments. (Observe safety precautions.}.......... NA NA
e, Check for water in LB-1 light bases ... NA 349
f. Check operation of oil circuit breaker mechanism (if applicable)....... NA 350
g. Check all lightning arrestors, ground connections, electrical .............. NA 351
connections, and safety devices associated with power
distribution equipment at terminal poles, substations and
transformer pads.
h. Open and clean all ALS open, flush fixtures, including .....oveeerienncee NA 352
flasher units, to maintain full light output. Clean all glass-
ware, reflectors, color filters, surface lights and flashers.
i. Check all main power switching €qUIPIMENL....coververesvvsrereassnssnsesrenens NA Order 6950.18
jo  Inspect all TElAYS .coviiceenreree ettt st s NA 353
k. Service timer motor and timer contacts (if applicable) ... NA 354
I. Check number and elevation angle data at each Station......eeieineser NA 355
205. EVERY 3 YEARS.
a., Check insulation resistance and continuity of all main power............. Order 6950.22 Order 6950.22
and control cables, Record all measurements and compare with
previous readings. Use FAA Form 6000-8 or equal.
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 1. ALSF CATEGORY I SYSTEMS
(ALSF-1, SSALS, SSALF, SSALR) (Continued)

Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
b. Measure and record insujation and conductor resistance.......eenn. Order 6950.22 Order 6950.22
of ALS series loop, Compare measurements with
previous readings. Use FAA Form 6000-8 or equal.
¢. Check accuracy of regulator 100p AMMELETS . ...vvvererirreeesemeeeestrmnie i NA 356; 6.2.3.5,6.3.3
d. Check dielectric strength and condition of insulation.......veeeveenennes NA 347
oil in the regulators (if applicable).
206. AS REQUIRED.
a. Change all PAR-56 incandescent lamps after 400 hours ........ccvevere, NA 357
of operation on brightness 5.
b. Change all flasher lamps in accordance with maintenance procedures. NA 357
¢. Open and clean sealed type ALS flush fixtures if the need is observed
during maintenance tasks.
207.-214. RESERVED.
Subsection 2. ALSF-2 CATEGORY-II AND -III SYSTEMS
Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
215. MONTHLY.
a. Check for damaged or misaligned HEhts, ...ocvvivvnsnsssrmsneniceneninnes 71,72,73, 77 345,352
abnormal intensity, and cleanliness.
b. Check approach line-of-sight Clearance.. ... mvcsrisirensissisisessrens 80 348
for vegetation and other obstructions
216. ANNUALLY.
a. Check all light supports for rigidity, PrOper........coveeriecnicsieie e NA 346
guy tensions, and obvious misalipriment.
b. Check oil level in regulators (if applicable).....oincneiniees NA 347
¢. Check all structures for rot and COITOSION .urviiiiinissiesnisnsssrernarsraaeees NA NA
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 2. ALSF-2 CATEGORY-II AND -III SYSTEMS (Continued)

Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
d. Clean substation compartments. (Observe safety precautions.).......... NA NA
e. Check for water in LB-1 light bases ....cciviminminnsnnsinnns NA 349
. Check operation of oil circuit breaker mechanism (if applicable) ....... NA 350
g. Check all lightning arrestors, ground COMMECHONS, v vrvrmsresermsrannerns NA 351
electrical connections, and safety devices associated
with power distribution equipmient at terminal poles,
substations, and transformer pads.
h. Open and clean standard open based ALS flush fixtures,.....ccccouirnnae NA 346, 352
including flasher units, to maintain full light output.
Clean all glassware, reflectors, color filters, surface lights
and flashers.
i. Check all main power switching equipment ... erereccineenesnscreacnnas NA Order 6950.18
j- Inspect all relays....cccvvncniriniisnarennns ettt e e s san s e NA 353
k. Service timer motor and timer contacts (if applicable)..........ceeveuu. NA 354 *
. Check number and elevation angle data at each station.........c.cewmenee NA 355
m. Check power transfer for Category II conditions.......vcevoeeeceenicncens 82 360
n. Visually inspect electrical connections for signs of overheating ......... NA NA
217. EVERY 3 YEARS.
a. Check insulation resistance and continuity of all main power.............. Order 6950.22 Order 6950.22
and control cables. Record all measurements and compare
with previous readings. Use FAA Form 6000-8 or equal.
b. Check accuracy of regulator 100p ammEters......cevvereeerervsirersrsssesessenns NA 356;6.2.3.5,6.3.3
¢. Check dielectric strength and condition of insulation..........ceverernnes NA 347
oil in the reguiators (if applicable).
d. Measure and record conductor and insuiation resistance of................. Order 6950.22 Order 6950,22
dual mode ALS series loop cable. Compare measurements
with previous readings. Use FAA Form 6000-8 or equal.
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 2. ALSF-2 CATEGORY-II AND -III SYSTEMS (Continued)
- g Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
218. AS REQUIRED.
a. Change ali PAR-56 incandescent lamps after 400 hours.....cccccvieivneens NA 357
of operation on brightness 5.
b. Change all sequenced flasher lamps after 900 hours Of.....vuccirinnns NA 357
operation on high brightness or in accordance with the
manufacturers technical instruction manual,
¢. Open and clean sealed type ALS flush fixtures if the need.................. NA 352
is observed during maintenance tasks.
219.-225. RESERVED.

Subsection 3. MEDIUM-INTENSITY APPROACH LIGHTING SYSTEMS

(MALS, MALSF, MALSR)
Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
“.o% 226, QUARTERLY.
2. Visually check for damaged or misaligned lights or mirrors.....eww... 71,72,73,77 345
b. Check the approach line-of-sight clearance for vegetation .......vven- 80 348
and other obstructions.
227. ANNUALLY.
a. Check all structures for rot or corrosion. Check all light...w.ceienens NA 346
supports for rigidity, guy tensions, and obvious
misalignment.
b. Inspect and clean, if required, interior of all cabinet- .......vunerenens. NA NA
mounted flashing vnits.
¢. Check safety devices, ground connections, lightning ..., NA 351
arrestors, and safety conditions of power distribution
equipment terminal poles, light supports, and sub-
station transformer pads.
d. Clean exterior of lamp fixtures as reqUired.....coeervesermrsermrisissssienns NA 345
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 3. MEDIUM-INTENSITY APPROACH LIGHTING SYSTEMS
(MALS, MALSF, MALSR) (Continued)
Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
e. Check for cleanliness and condition of all glassware .....c..cooeeeerceneean. NA 345
and reflectors.
f. Open and clean lighting fixtures (including flasher units).......ccccc.u... NA NA
to maintain full light output. This may be scheduled for
partial accomplishment semiannually.
g- Check fuseholders, circuit breakers, and contacts .....ueeveenieeveeeceecaec NA Order 6950.17
h, Inspect @l Felays.....c.covivcinnnneirirere s e e NA 353
i. Service timer (if apphcable) .. NA 354
228. EVERY 3 YEARS.
Check conductor and insulation resistance of all power and.........cccevvn Order 6950.22 Order 6950.22
controf cables. Record all measurements and compare with
previous readings. Use FAA Form 6000-8 or equal.
229. AS REQUIRED.
a. Withdrawn - CHG 2
b. Change all PAR-56 {threshold) lamps after 400 hours of .........ccvvranee NA 358
operation on maximum brightness.
c. Change all sequenced flasher lamps after 900 hours of.cnceiceenee NA 358
operation on high brightness or in accordance with the
manufacturer instruction manual.
d. Open and clean sealed type ALS flush fixtures .....covininciincanncanncen. NA 352
if the need is observed during maintenance tasks.
230.-236. RESERVED.
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Section 2. OTHER MAINTENANCE TASKS (Continued)

Subsection 4. ODALS AND LDIN

6850.5C CHG 4

Mainterance Task

Reference Paragraph

Standards and
Tolerances

Maintenance
Procedures

237.

238,

239.

240.

241.

QUARTERLY.
a. Visually check for damaged or misaligned lights or mirrors...............

b. Check the approach line-of-sight clearance for vegetation ...
and other obstructions.

SEMIANNUALLY.
Check all fixtures, including mirrors if instalied, for ... veecricciisiinannes
alignment and elevation.

ANNUALLY.

a. Check for cleanliness and condition of all glassware ... ceciiinee
and reflectors.

b. Check all structures for rot or corrosion. Check all light.....c.ceonrnnes
supports for rigidity, guy tensions, and obvious
misalignment.

c¢. Inspect and clean, if required, interior of all cabinet. .. eecisiiesisnnnnns
mounted flashing units.

d. Check safety devices, ground connections, lightning .........ceevereesneees
arrestors, and safety conditions of power distribution
equipment at terminal poles, light supports, and
substation pads.

EVERY 3 YEARS ..ot vcccremerenrecmsitesstenssssnsreaseseasssasnsesagssasma seassssossnanas
Check conductor and insulation resistance of all power
and control cables. Record ali measurements and compare

them with previous readings. Use FAA Form 6000-8 or equal.

AS REQUIRED.

a. Change all ODALS lamps after 500 hours on maximum ...
brightness.

b. Change all LDIN lamps in accordance with manufacturers......ooveene.
instructions.

242.-247. RESERVED.

83a

83e

83b

NA

NA

NA

NA

Order 6950.22

NA

NA

314,315

348

Instruction book

345

346

Instruction book

351

Order 6950.22

359

359
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 5. VASI AND PAPI

Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
248. QUARTERLY.
a. VASL
(1) Check lamps and filters for cleanliness and the ....ciiiieiciinen, NA 345b(1), (3), (&)
lamp box for structural defects such as chipping,
cracking, or bending.
(2) Check iamp box for water or signs of water damage .....cc.ceceeneee. NA NA
(3) Check regulator oil level (if applicable) ... NA 361
b. PAPL
(1} Check lamps and filters for cleanliness and the ......oeccinnenne NA 345b(1), (3), (B
lamp box for structural defects such as chipping,
cracking, or bending.
(2) Check for water or signs of water damage and broken ......c..cunn. NA NA
or missing screens in the lamp box.
e. Check approach slope line-of-sight clearance for......cvcniicinien 104 348
vegetation and other obstructions.
249, ANNUALLY.
a. VASL
{1} INSPECt SYSIEIM..ccorirerrracminrmssisssressinmrrisesnsarsnenssressensesaresassaserseseasion NA 363b(1)
(2) Check WITIDZ. ..o cer v sieeresesserercsesersesn s e s st senssemsranessssassasesies NA 363b(2)
(3) Inspect OPEn-tyPe TElaAY wiuvvverreeseemrereessbensiees st st eaee e NA 363b(3)
{4) Check oil switch and fused cutoul ..ocreverevvrineenrerssrsisesirrnsone NA 363b(4), (5)
(5} Check system grounding ... NA 351
b. PAPL
(1) InSPEC SYSIEIMI...ecncrerensrarersserssserasrrrsseninssissasssmmbrnnrassensesasraresresess NA 363b{1)
(2) Check WILINZ ....covruvsrrmmsresresisissesssisesssssoniassssmssasssssnssenssanssusssssasess NA 363b(2}
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. Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 5. VASI AND PAPI (Continued)
3 Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
(3} Inspect OPEN-tYPe TElAY wuvvvrrmrisssessiserimsrisires s rsrs sen e erisnsss NA 363b(3)
(4) Check fused cutout SWItEh et NA 363b(5)
(3) Check SYStem grounding. ..o mrsesssserssssmmminsinssnererenssiremsssssssassras NA 351

250. EVERY 3 YEARS.

a. VASL

(1) Check conductor and insulation resistance of all power and......... Order 6950.22 Order 6950.22
control cables. Record all measurements and compare them
with previous readings. Use FAA Form 6000-8 or equal.

(2) Inspect grasshopper fuses (if applicable) ...veeervceerieiiisiinissina NA Manufacturer's
Replace as required. instruction book
b. PAPL Check conductor and insulation resistance of all........veeeiev Order 6950.22 Order 6950.22
power and control cables. Record all measurements and
* compare them with previous readings. Use FAA form 6000-8 or equal. *
251. AS REQUIRED..........c...... NA 362

Change all VASI and PAPI lamps after 2000 hours of
operation on high brightness.

252.-257. RESERVED.
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Section 2. OTHER MAINTENANCE TASKS (Continued)

Subsection 6. REIL

31912002

Reference Paragraph
Maintenance Task Standards and Muaintenance
Tolerances Procedures
258. QUARTERLY,
a. Check approach line-of-sight clearance for vegetation and................. 121 348
other obstructions.
b. Check cleanliness of reflectors ... NA 345
a. Check ground connections at terminal pole and at each light fixture.
b. Clean interiors of both the control panel. ..., NA NA
and the flasher cabinets
c. Check safety deviCes ..o ioreircmiin i sans NA 364
d. Check light supports and control cabinet for rigidity.......cociiiiiininns NA 346
¢. Inspect all power distribution equipment and protective .......co.eeeeivene. NA 351
devices at terminal pole and at the lights.
f. INSPECL TRIAYS .cevrereerr e creestmsssims s e st s e s s e s s NA 353
g Service timer motor and contacts (if applicable)....voveicciniincennans NA 354
260. EVERY 3 YEARS ... i imssnssns ieasssbsns s asmss s s s smsassnnans Order 6950.22 Order 6950.22
Check conductor and insulation resistance of all power and control
cables. Record all measurements and compare with previous readings.
Use FAA Form 6000-8 or equal.
261.-267. RESERVED.,
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Section 2. OTHER MAINTENANCE TASKS (Continued)
Subsection 7. OBSTRUCTION LIGHTS

Reference Paragraph
Muaintenance Task Standards and Maintenance
Tolerances Procedures

268, ANNUALLY ...t sn s e NA 365

a. Check contactor.

b. Check conduit, and clear the water trap.

€. Check fuses, switches, and wiring.

d. Check telltale mechanism.

e. Visually check ground connection.
209, EVERY 3 YEARS .o e e easrvsaeesnaessns e Order 6950.22 Order 6950.22

Check and record conducior and insulation resistance of cables.

Compare with previous readings. Use FAA Form 6000-8 or equal.
270. AS REQUIRED NA 366

a.

b.

g

271.-276.

Change lamp after 80 percent of rated lamp life.
Check lamp voltage.

Clean optical system.

Clean fixture.

Check condition of wiring and lamp sockets.
Check weatherproofing seals.

Check lightning protection system.

RESERVED.

. Chap 4
Par 268
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Section 2. OTHER MAINTENANCE TASKS (Continued)

Subsection 8. HAZARD BEACONS

3/27/95

Reference Paragraph
Maintenance Task Standards and Maintenance
Tolerances Procedures
277, ANNUALLY ..ottt NA Order 6950.22
Check condition of wire, insulation, splices and fuses.
278, EVERY BYEARS ...t rere e nara e Order 6950.22 Order 6950.22
Check and record conductor and insulation resistance of cables.
Compare with previous readings. Use FAA Form 6000-8 or equal.
279. ASREQUIRED ... NA 366

a. Change lamps after 80 percent of rated lamp life.
b. Clean glassware.

€. Clean fixture.

d. Clean flasher contacts.

e. Check and clean contactor.

f. Check booster transformer.

g. Check lamp voltage.

280.-284. RESERVED.
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CHAPTER 5. MAINTENANCE PROCEDURES

285, GENERAL. -

This chapter establishes the procedures for accomphstung
the various essential maintenance activities that are required
for lighted navigational aids, on either a periedic or incidental
basis. The chapter is divided into three sections. = The first
section describes the procedures to be used in making the
performance checks listed in chapter 4, section 1. The second
section describes the procedures for doing other

- maintenance tasks listed in chapter 4, section 2. The third

section describes the procedures for doing special
maintenance tasks, usually nonscheduled and not listed in
chapter 4. Refer to Order 6000.15A, General Maintenance
Handbook for Airway Facilities, for additional -general
guidance.

286. RESERVED.

Section 1. PERFORMANCE CHECK PROCEDURES

287. TECHNICAL PERFORMANCE RECORD
ENTRIES,

Order 6000.15A contains pohcy, gmdance and detailed
instructions for field utilization of the Technical Performance
Record. Entries shall be made in accordance with the
instructions published in Order 6000.15A. The requested
information shall be recorded on the technical performance
record form (form being developed) or temporary FAA form

6000-8. Figure 5-1, sheet 1 and 2, is a sample of FAA form

6000-8 which shows typical headings and entries for an-

ALSF-1 system. All entries below "nominal" block entries
are indicators of system performance. If a parameter is found
to be out of tolerance and is corrected at a later date, the date
of the correction shall be indicated. Identify on the form the
parameter to be recorded in each column, use continuation
forms as required. The following subparagraphs describe
the column headings and the type of information to be
entered. :

a. Date. Date of entry.
b. Time. Time of entry. Greenwich Mean Time (GMT).

c. Input Voltage. Use required columns to record
requested input voltage. Measure ALSF voltage on
brightness 4 (B4) with flashers operating.
Measurements for other systems will be made with the
system on high brightness. On single-phase systems,
measure line 1 to neutral {L1-N), ling 2 to neutral (L2~
N), and line 1 to line 2, (L1-L2). On three-phase
systems, record each phase to neutral as read from the
panel-mounted meter.

d. Input kWIInput Current, Idenufy a column to be
used to record the input kW or input line current. On systems
with a panel-mounted kW meter,. the information may be
read from the panel-mounied meter. On other systems,

Chap 5
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“portable instruments may be used to measure the input line

current. For high intensity systems (ALSF-I, ALSF-II,
SSALR, etc), record the information with the system
operating on brightness 4 (B4) with the flashers on. On other
systems, record the mfozmatwn with the system on high
brightness. :

e Oufput Carrent. Use the required number of columns
to record the output current for all brightness steps, from each
regu]alor or power and conlrol assembly.

f. Output Voltage. Use the required number of columns
to record the system output voltage as measured on high
brightness. On parallel systems, record the voltage as
measured from line 1 to neutral (L1-N), line 2 to neutral (L2-
N), and line 1 to line 2 (L1-1.2). When requested, record the
voltage as measured at each light station. On series systems,
record loop voltages as measured on the panel-mounted
meicr.

g. Flasher Voltages. If applicable, identify a column to
record the flasher control cabinel (master timer) input and
output voltage. Record voltage with the flashers operatlng on
high brightness.

h. Menitor Current. If applicable, identify required
columns to record the load monitor microamp/voltage reading
for all monitored l_oops and bﬁ_ghtness levels__.

i. Elapsed Time Meters (ETM). | If elapsed time meters
are installed, identify the requlred columns and record the

elapsed {imes.

i Honzonta! Allgnment. Idenufy a column as "Hori-
zontal Alignment” and use this column to indicate if the
system meets standards. A check mark (V) means the system
meels standards.
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k. Vertical Alignment. Identify a column as "Vertical
Alignment" and use this column to indicate if the system

meets standards. A check mark (V) means the system meets

standards.

|. Visibility Obstructions. Identify a column as
"Visibility Obstructions" and use this column to indicate if the
system meets standards. A check mark (V) means the system
meets standards. If an obstruction is noted, enter a description
in the remarks column and record an (X) until the obstruction
is removed.

m. Visual Checks. Identify a column as "Visual

1/31/96

Checks," and use this column to indicate if the overall system
condition and performance is normal. A check mark ')
means the system condition and performance is normal. If
abnormal conditions are noted, enter a description in the
remarks column, and record an (X) until condition is
corrected.

n. Remarks. Make technical comments in the remarks
column,

o. Initial. Initials of technician making entries.

288.-293. RESERVED.

Subsection 1. HIGH-INTENSITY ALS SYSTEMS -

294. VISUAL CHECKS.

a. Parpose. This prbcedure verifies visually the opera-
tional status and condition of the system.

b. Procedure. Request air traffic (AT) personnel to
turn on the ALS and operate the system through brightness
steps 1 through 5. Observe system operation on all
brightness steps and record all lamp failures or monitor
alarms. Verify that the brightness step indicator lights
indicate the proper step. Verify operation in both modes
of dual mode systems, _ _ :

295. METER READINGS.

a. Purpose. These readings are used to establish a
record of the normal operating parameters and to provide
reference data to be used for preventive maintenance and
troubleshooting of the equipment in the event of an
equipment failure.

b. Procedure. The following meter readings shall
be recorded on the technical record form specified in
paragraph 287. If there are no installed meters, use
portable instruments. On dual mode systems, record
the following meter readings when operating in the
ALSF mode.

(1) Input voltage, on step 4 with flashers on.
(2) Input kilowatts, on step 4 with flashers on.

(3) Output current of each series loop on each step.

(4) Output voltage for each loop on step 5.
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" (5) Flasher control input voltage with flashers on
high brightness.

(6) Load monitor microamperes or voltage for each
loop while operating on step 5. (Record readings from panel-
mounted meter.)

(7) Elapsed time meter(s) f_o.r steady-burning lights.

(8) Elapsed time meter for flashers.

c. Compare all readings with prev:ious readings and

_investigate difference. A change may be .an indication of

impending failure.  If readings are beyond tolerance,
determine the cause and correct as required.

296. ALS MONITOR CHECK.
a. Single Mode Systems.
(1) Steady-Burning Lights Monitor.

{a} Purpose. This check ensures the normal opera-
tion of the monitor system.

(b) Procedure. Turn the substation on from the
remote position. The monitor should alarm. After a delay of a
few seconds the buzzer will stop and the monitor lights should
come on.

(2) Steady-Burning Lights Load Monitor.

(a) Purpose. This check verifies normal operation of
the system with five [fights out. It also validates an alarm
operation when six lights are out. -
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(b) Procedure.

1 Obtain local control.

2 With substation on, verify that all incandescent
larnps are on prior to test.

CAUTION: Lamps may be hot. .

3 With the station off, remove five lamps from
each loop in the system. Do not remove the same set of lamps
for each periodic check.

4 Energize the substation and select brightness

5 load monitor should indicate normat opera-

tion. If it does not, the monitor may require adjustment.

6 Tum substation off, remove one additional
lamp from a single loop. (Total of six lamps out in one loop.)

7 Energize the substation and select brightness
8 The load monitor on the selected loop should
indicate a lamps-out alarm, both at the substation and at the

remote panel.

9 If the load monitor is operational, replace all
the lamps in the loop tested.

10 Repeat steps 6 through 9 for each loop to be
tested. " :

11 I adjustment is required, refer to the
manufacturer's instructions.

b. Dual Mode Systems,
(1) Steady-Burning Lights Monitor.

(a) Purpose. This check insures nommal operation
of the monitor system.

{b) Procedure.

1 Turn the substation on from the remote
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position, the remote panel should indicate normal system
operation.

2 Operate the system for the duration of the
monitor lnhlblt (apprommately 5 mmutes) :

3 Operate the systemn on all momtored bnghtness
levels, verify normal monitor indications. Monitor is
inhibited after each on-off, brightness, or mode change.

{2) Steady-Buming nghts Load Momtor

{a) Purposc. This check verifies proper dlsplay ofa
caution and/or failure monitor alarm when more than the
prescribed number of Iamps have failed.

(b) Procedure.
1 Obtain local (substatton) control.

2 With approach lights on, select SSALR
Verify that all SSALR lamps are on. Operate the system on
ali of the monitored brightness steps, allowing approximately
5 minutes between steps.

NOTE: The caution/failure indicators on the local and
remote control panel may be inhibited up to 4 minutes
after each on-off, brightness, or mode change.

3 Monitor should indicate normal operation.
CAUTION: Lamps may be hot,

4 With approach lights off, remove two lamps
from each SSALR loop. If relay type shorting device is used
replace each removed lamp with a short jumper wire. If solid
state shorting devices are used DO NOT replace lamp with a
jumper wire.

5 'With approach lights on, a caution should be
indicated on each loop. After the duration of the monitor
inhibit, a caution light on the local controi panel should be on.

6 Select cach of the successive monitored
brightness levels. A caution should be dlsplayed with two
failed lamps, as in step 5.

7 With approach lights off, remove an additional
lamp from each loop (three lamps out per loop). If
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relay type shorting devices are used, replace lamp with a short
wire. Do not jumper solid-state shorting device.

8 Select approach lights on, operate system on
¢ach monitored brightness step. A failure should be indicated
on each loop, and after the monitor inhibit, a failure light on
the local control panel should be on.

9 - With approach lights off, remove -two
additional lamps from each of the ALSF loops, five total from
each loop. If relay type shorting devices are used replace each
lamp with a short jumper wire. Do not short
solid state shorting devices.

10 With approach lights on, select ALSF and the
lowest monitored brightness level. Each loop should indicate
a caution. Operate system for the duration of the monitor
inhibit. A caution light should be dlsplayed on the local
control panel.

11 Select, in turn, each of the monitored
brightness steps and verify that a caution is indicated for each
loop, as in step 10.

12 With approach lights off, remove one
additional lamp from each loop (six lamps out per loop).

13 With approach lights on, select ALSF and the
lowest monitored brightness level. A failure should be
indicated on each loop. After the monitor inhibit, the failure
light on the local control panel should be on.

14 Select, in turn, each of the monitored
brightness steps and verify that a failure is indicated for each
loop, as in step 13, ' '

15 After momtor vahdauan, replace all lamps
and venfy normal system operation.

16 If monitor requires adjustment, refer to the
manufacturer's instructions for procedures

¢ Monitor Out-ﬁf-Tolcranc& When a monitor is out of
tolerance and not immediately restorable, a Notice to Airmen
(NOTAM) should be issued stating that the specific monitor
is not available. Category I operations may be continued,
provided ail other system tolerances are maintained as
required in this handbook. . Category II or Category III
operations may be continued, provided all other system
tolerances are maintained as required in this handbook;
except that every 8 hours during Category I or Category III
operations, the approach lighting system is visually checked
to verify that the system lighting configuration is within
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tolerance limits.

297. SEQUENCE FLASHER (SFL) MONITOR
CHECK.

.-a. Single Mode Systems.

(1) Purpose. This check insures the normal operation
of the sequence flasher monitor system. The monitor should
indicate normal operation with two lights out and alarm when
three lights are out.

{2) Procedure.
(a) Obtain local system control.

(b) Verify that the monitor sensitivity selector
switch on the SFL master timer panel is in position 3.

(¢) Energize the flasher system, the approach
lighting system must be on.

(d) To simulate two failed flashers, open two timer
contacts at a time and verify that the monitor indicates normal
operation for each pair checked. Check all contacts. Allow
several seconds on each check to give the monitor time to
operate. :

NOTE: Use a thin sheet of plastic or other suiiable
insulating material cut to cover two or three contacts to
open the timer contacts.

() To simulate three failed flashers, open three
timer contacts and verify that the monitor lights will be
extinguished both in the tower and on the local panel, and
that the buzzer will sound in the tower. Check all used
contacts and allow several seconds on each check to give the
monitor time to operate.

b. Dual Made Systems.

(1) Purpose. This check insures normal operation of
the sequence flasher monitor system, both in the SSALR and
the ALSF mode.

(2) Procedure.

() With the system operating in the ALSF mode,
verify that all flashers are operating, Monitor should indicate
normal operation,

(b) Select SSALR. Monitor should indicate normal
operation.
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(¢} ~ With system off, disable one flasher by
removing the flash -tube, or refer to the manufacmrers
instructions for additional methods. . : :

(d) With system on, select SSALR. The monitor
should indicate a caution.

(e) Select ALSF, The monitor should indicate a
caution, . : P

(f) With system off, disable one adjommg ﬂasher
(two consecutive units out),

(g) With system on, select SSALR. The monitor
should indicate a failure.

(h) Select ALSF. The monitor should indicate a
failure.

.(i) With system off, enable the flasher disabled
in step (f) and disable the next flasher in the sequence
(two failed flashers, but not consecutive).

{j) With system on, select ALSF. The monitor
should indicate a caution.

(k) With system off, disable one additional
flasher (three flashers total, but not consecutive).

(1) With system on, select ALSF. The monitor
should indicate a failure.

(m)  After monitor verification, restore all
flashers and operate the system to insure that the system
operates normally. '

¢. Moniter Out-of-Tolerance. When a monitor is out
of tolerance and not 1mmedlately restorable, a NOTAM
shall be issued stating that the specific monitor is not
available. Category I operations may be continued,
provided all other system tolerances are maintained as
required in this handbook. Category II or Category Il
operations may be continued, provided ali other system
tolerances are maintained as required in this handbook;
except that every 8 hours during Category II or Category
IIl operations, the approach lighting system is visually
checked to verify that the system lighting configuration is
within tolerance limits.

298. FIFTEEN-MINUTE TIMER.

a. Purpose. This check is to insure that the ALS will
perform required brightness reduction after 15 minutes of

Chap 5
Par 297

6850.5C

operation. on brightness 5, with proper monitor
indications. : .

b. Procedure,
(1) Coordinate test with Air Traffic Control.

(2) Select approach lights on a.t. the remoté (tower)
control panel. Select brightness 5 and note the starting
time. : . .

(3) While operating in bnghtness 5, the bnghmess
5 indicator lights should be on.

(4) - After a total clapsed time of 14.5 minutes, (13
minutes on Hevi-Duty systems) an audio alarm should
operate. Brightness 3 indicator light may flash on a dual
mode system.

(5) After a total elapsed tifne of 15 minutes, the
brightness 4 indicator lamps should be on, indicating an
automatic reduction of brightness to brightness 4.

(6) Afier verification of proper brightness reduc-
tion, retarn conirel to Air Traffic Control. Record the
information on technical performance record form
specified in paragraph 287,

299, VERTICAL AND HORIZONTAL ALIGNMENT.

a. Purpose. These checks insure that the vertical and
horizontal alignment of the elevated light fixtures meet
the operation requirements specified in chapter 3.

b. Procedure.
(1) Vertical Alignment.

(a) From the light bar identification (sign or
stencil), obtain the proper angle setting for the light bar
being inspected. All steady-burning lights on a particular
bar shall be aimed at the same vertical angle.

(b) Install the aiming' device on the light fixture
per manufacturer's instructions for the aiming device
being used.

(¢) Check the vertical angle setting of each of the
elevated steady-burning light fixtures.

NOTE: For vertical angular adjustment of lights

mounted on low-impact-resistance (LIR) towers, follow
the tower manufacturer's instructions.
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(d) Adjust the light fixture as necessary to meet
the requirements specified in chapter 3.

NOTE: The formaulas shown on figures 5-2 and 5-3
are used when calculating the vertical angle for systems
installed before December 17, 1981. For systems
installed after that date, use table 5-1.

(¢) Check the vertical angle setting of each of the
SFL units by using the built-in inclinometer or an aiming
device designed for the SFL head.

NOTE: All sequence flashing lights installed per
Order 6850.2A after December 17, 1981, shall be
aimed at 6° Flashers installed prior to that date per
Order 6850.2A shall be aimed at the locally established
vertical angle. K o :

{2) Horizontal Alignment,

(@) All lamps should project a light beam
parallel to the extended centerline of the runway.

GLIDE SLOPE
TRANSMITTER

\ILS REFERENCE POINT
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{b} Visually inspect each of the steady-burning
light fixtures to determine its position relative to other
light fixtures in the same bar. Use adjacent lamps or the
mounting bar as a reference. to determine the relative
horizontal position of individual lamps.

NOTE: Supplied with the AD-1 aiming device is a
sighting tool to visually determine the relative hori-
zontal position of a lamp fixture. Clip the sighting tool
onto the PAR-56 lamp holder to be adjusted and sight
the lamp fixture at the same position on an adjacent
bar. Adjust the lamp fixture so the line of sight is
centered on the lamp in the adjacent lamp bar.

(c) If a light is askew, adjust the light as
required to provide the proper horizontal beam
angle.

NOTE: Flush fixtures are nonadjustable and should be
maintained as installed. On LIR towers, follow the
adjustment procedure in the manufacturer's instruction
manual for herizontal lamp alignment.

ILS GLIDE SLOPE

LIGHT UNIT

D (IN FEET)

Ey* E3 +12 +TAN B (0+1600)
£§-Ep
TAN A* —e5o0

E3= ELEVATION OF RUNWAY CENTERLINE
250 FEET IN FRONT OF GLIDE SLOPE XMTR.

Lot

D = HORIZONTAL DISTANCE FROM LIGHT
UNIT TO ILS REF POINT.
B = ILS GLIDE SLOPE ANGLE
A+ ANGULAR SETTING OF LIGHT
€| . Eg= ELEVATION OF POINTS
DESIGNATED

Figure 5-2. Calculation of Light Beam Angular Elevation
(Systems Installed Before May 29, 1969)
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)
\EI
]
1
ILS GLIDE :
PATH ¥ ;
b [ a4
a2 i
& !
ILS REFERENCE oo |
POINT 2
\ \)
B3 s —— T e T T e T T 7E3
. {: ‘ :
50" | LIGHT UNIT ,/‘l :
]
RUNWAY j‘,E“ : €2 T—" ————————————————— j E2
RUNWAY END —/L———o(m FEET) e 1600’ .
£, ,Ep ELEVATION OF POINTS DESIGNATED Ez=E4+50
E3 ELEVATION OF ILS REFERENCE POINT Ej = E3+Z=Ex+ TAN 8 X (D +1600)
E 4 RUNWAY END ELEVATION AT CENTERLINE  TAN A= E| —E»
A ANGULAR ELEVATION OF BEAM AXIS 1600
NOTE:
B ILS GLIDE PATH ANGLE ALL LIGHTS IN A LIGHT BAR SHALL
D HORIZONTAL DISTANCE OF LIGHT UNIT HAVE THEIR BEAM AXES AT THE
FROM RUNWAY END SAME ANGULAR ELEVATION.
:"--:,\‘%
L)
o " Figure 5-3. Calculation of Light Beam Angular Elevation
(Systems Installed from May 29, 1969 to December 17, 1981)
Table 5-1. Elevation-Setting Angles for Q20A /PAR-56 Approach Lighting Lamps (ALSF-2)
' (Systems Installed After December 17, 1981)
Setting Angle Setting Angle
Station {Deprees) Station {Degrees)
3000 80 1400 70
2900 A 1300 69
2800 _ 79 1200 69
2700 78 1100 68
2600 17 1000 6.7
2500 117 $00 6.7
2400 T 76 800 66
2300 76 700 65
2200 75 600 6.5
2100 7.4 500 64
2000 74 460 63
1500 13 300 63
1800 12 200 62
1700 72 100 6.2
1600 7.1 0 6.1
1500 7.0
Chap 5
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300. FLASHING RATE.

a. Purpose. This procedure verifies visually that the
flashing rate of the flashing lights meets requirements.

b. Procedure. The flashers are designed to flash at
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120 flashes per minute or 2 flashes per second. To determine
the flash rate per minute, with system operating use a suitable
timing device and count the number of flashes occurring in
one minute.

301.-305. RESERVED.

Subsection 2, MEDIUM-INTENSITY APPROACH LIGHTING SYSTEMS

306. OPERATIONAL CHECKS.

a. Purpose. This procedure verifies the status of the
system, and the operation of the local and remote control
equipment.

b. Discussion, The order of depressing switches must be
followed exactly for the MALSR to operate as indicated. The
procedure should start with the system turned off.

c. Test Equipmeht Required. None.

d. Conditions. This test will require equipment down-
time and therefore must be coordinated with the air traffic
control supervisor. H must be performed when the controlled
lighting aids can be clearly observed.

To obtain proper and consistent results the
equipment must be set-up properly when starting the
checks. This is achieved by pressing MALS 1, RAIL ON,
MALS OFF, RAILS OFF, then proceeding with the
checks.

e. Procedure.
(1) At the switch assembly cabinet, tumn the steady
bumning lights on in low intensity by depressing G/G and
MALS 1. Flashers shoutd remain off.

(2} Change the lights to medium intensity by
depressing MALS 2.

(3) Change the lights to high intensity by depressing
MALS 3.

(4) Turn the flasher lights on by depressing RAIL ON.
(The lights should be in high intensity.)

(5) With the system still in G/G mode, turn the steady

burning and flasher lights off by depressing MALS OFF and
RAIL OFF.
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(6) Place the system in air-to-ground mode by
depressing A/G.

{7} Using a transmitter located at least 1 mile away, tum
the steady burning and flasher lights on at low intensity by
keying the transmitter three times (transmitting three bursts of
carrier energy) within a 5-second petiod of time,

(8) Change the lights to medium intensity by keying the
transmitter five times within a 5-second period.

(9} Change the lights to high intensity by keying the
transmitter seven times within a 5-second period.

{10) With the system remaining in A/G mode, let it time-
out and the fights tum off. This should take approximately 15
minutes.

(11) Place the system in G/G mode by depressing the
G/G switch. If the system has an interface unit attached, the
steady burning and flasher lights will come on in high
intensity, Otherwise the system will stay turned off.

(12) If the system is tumed off, tum on the steady
burning and flasher lights, in high intensity, by depressing the
RAIL ON and MALS 3 switches.

(13) Change the lights to medium intensity by
depressing the MALS 2 switch.

(14) Change the lights to low intensity by depressing the
MALS 1 switch.

(15) Tum the lights off by depressing the MALS OFF
switch.

(16) This completes the remote radio operational control
check.

(17) Retumn the system to normal operation, and make
an appropriate entry in the station log, form 6600-6.
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307. METER READINGS.

a. Purpose, These readings establish a record of
the normal operating parameters and provide reference
data to be used for preventive maintenance and
troubleshooting of the equipment in the event of an
equipment failure.

b. Procedure.

(1) Record the following meter readings on the
technical performance record form specified in paragraph 287.

{a) Control cabinet input voltage.
(b) Control cabinet input line current.

{c) Voitage to steady-buming lamps. (Measure at

transformer output.)

{d) Flasher control cabinet input voltage, if separate
from MALS.

(e) Control cabinet output voltage to flasher lamp
assemblies.

(2) Compare all readings with previous readings and
investigate the difference. A significant change may be an
indication of impending failure. If readings are beyond
tolerance, determine the cause and correct as required.

308. VERTICAL AND HORIZONTAL ALIGNMENT.

a. Purpose. These checks ensure that the vertical and
horizontal alignment of the steady-burning and the flashing
lights meet the operational requirements specified in chapter 3.

b. Procedure.
(1) Vertical Alignment.

(a) From the light bar identification (sign or site
drawings), obtain the proper angle setting for the steady-
burning lights on the light bar being inspected. Al steady-
burning lights on a particular bar shall be aimed at the same
vertical angle.

NOTE: To determine the vertical angle setting for systems
installed after December 17, 1981, per Order 6850.2A, use
table 5-2. - Table 5-2 provides the vertical angle for the
PAR-38 MALS steady-burning lights with a glide slope of
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3°. If the glide slope is shifted from 3°, the elevation angle
of the steady-burning lights shall be shified by the amount
that the glide slope is shifted from 3°. For systems installed
prior to December 17, 1981, per Order 6850.2, all lights
shall be aimed at the locally established vertical angle as
specified on site drawings.

Table 5-2. Elevation-Setting Angles for
150 PAR-38/SP Approach Light Lamps (MALS)

Setting Angle
Station {Degrees)

0 3.1

200 32
400 33
600 34
800 34
1000 35
1200 : 36
1400 3.7

(b) Install the aiming device on the light fixture
per manufacturer's instruction for the aiming device
being used.

NOTE: Aiming device number 4611 is used to aim the
MALS PAR-38 lamps. To set the vertical angle, adjust the
pointer of the aiming device on the protractor segment to
the angle specified on the site drawings for the station
being adjusted (the angle stenciled at that station). Place
the aiming device over the lamp and adjust the vertical
position by centering the bubble. If a different aiming
device is used, follow the manufacturer's instructions for
vertical alignment.

(c) Check the vertical angle setting of each of the
steady-burning lights.

NOTE: For vertical angular adjustment of lights mounted
on low-impact-resistance (LIR) towers, follow the tower
manufacturer's instructions.

(d) Adjust the light fixtures as necessary to meet the
requirement as specified in chapter 3.

(e) Check the vertical angle setting of each of the
SFL units by using the built-in inclinometer or an aiming
device designed for the SFL head.

NOTE: All sequence flashing lights shall be aimed at 6° in
all circumstances.
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{(2) Horizontal Alignment.

(a) All lamps should project a light beam paralle] to
the extended centerline of the runway. .

() Visually inspeet each of the steady-buming light
fixtures to determine its position relative to other light fixtures in the
same bar. Use adjacent lamps or the mounting bar as a reference to
determine the relative horizontal position of individual lamps.

1/31/96

(c) If a light is askew, adjust the light as required to
provide the proper horizontal beamn angle,

NOTE: On LIR towers, follow the adjustment procedure
in the manufacturer's instruction manual for horizontal
lamp alignment.

309.-313. RESERVED.

Subsection 3. ODALS AND LDIN SYSTEMS

314. VISUAL CHECKS.

a. Purpose. This check verifies visually the operational
status and condition of the ODALS or LDIN systemn.

b. Procedure. Observe system operation on all brighiness
steps. Log lamp failures and note the flashing (or strobe} rates.
Verify that all lamps are operating and the controls operate as
designed.

315. OPERATIONAL CHECKS.

a. Purpose. This check verifies proper operation of the
ODALS or LDIN system from both the local and remote
control panels.

b. Procedure.
(1} ODALS

(2) Request air traffic (AT) personnel to relinquish
conirol of the ODALS system.

(b) With the ODALS under local control, rotate
the local control switch in the control unit from OFF to
LOW, OFF to MEDIUM, OFF to HIGH. The intended
intensity level of the strobe lights should be reached within
1.5 seconds.

(c) With the ODALS operating at low intensity,
rotate the control switch to MEDIUM and then to HIGH. The
indicated intensity level of the strobe lights should be reached
within 1.5 seconds.

(d) Observe the ODALS operation. All strobe lights
should be at the selected intensity level and should operate
sequentially from the outermost strobe light. The cycle should
repeat once per second.
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{e) Request ODALS operation in the remote
(auto) mode, Observe the ODALS operation and verify
operation as specified in steps (b), (c), and (d) above.

{(f) At the switch assembly cabinet, turn the lights
on with low intensity by depressing G/G and ODALS 1.

(g) Change the lights to medium intensity by
depressing ODALS 2.

(h) Change the lights to high intensity by
depressing ODALS 3.

(i) Turn the lights off by depressing ODALS
OFF.

() Put the system in air—té-ground mode by
depressing A/G.

(k) Using a transmitter located at least a mile
away, turn the lights on with low intensity by keying the
transmitter three times (transmitting three bursts of carrier
energy) within a 5-second period of time.

() Change the lights to medium intensity by
keying the transmitter five times within a 5-second period.

{m) Change the lights to high intensity by keying
the transmitter seven times within a 5-second period.

(n) Let the system time-out and the lights turn off
by leaving it in A/G mode. This should ‘take
approximately 15 minutes,

(0) Place the system in ground-to-ground, mode
by depressing G/G. If the system has an interface unit
attached, the lights will come on in high intensity.
Otherwise the system will stay turned off. :
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(p) If the lights are off, turn them on with high
intensity by depressing ODAL 3.

(@) Change the lights to medium intensity by
depressing ODALS 2.

(r) Change the lights to low intensity by
depressing ODALS 1. :

(s) Tum the lights off by depressing ODALS OFF.
{t) This concludes tl;ie checks.
(1) Return the system to normal operation.

(2) LDIN

(a) Request air traffic (AT) personnel to
relinquish control of the LDIN system.

(b) Operate the system from both the local and
remote control panels, if applicable; select each control
function; and verify that the system operates as designed.
If the system operation is monitored, verify monitor

6850.5C CHG 1

operation. Refer to the manufacturer’s instruction book
for recommended operational checks.

316. METER READINGS.

a. Purpose. These readings verify that the input
voltage is correct, establish a record of the normal
operating parameters, and provide reference data to be
used for preventive maintenance and troubleshooting of
the equipment.

b. Procedure,

(1} ODALS. Using portable instruments measure
and record the normal operating parameters listed in the
manufacturer instruction book. Record the readings on the
technical performance form specified in paragraph 287.

(2) LDIN. Using portable instruments measure and
record the normal operating parameters specified in the
manufacturer instruction book. Record the readings on the
Technical Performance Record specified in paragraph 287.

317.-319. RESERVED.

Subsection 4. VASI AND PAPI

320. YISUAL CHECKS.

a. Purpose. This check verifies visvally the operational
status and condition of the system.

b. Procedure.

(1) With the system operating, visually inspect each
lamp housing assembly (LHA) to verify that all lamps are on.

{2} Visually inspect each LHA, for obvious vertical and/or
horizontal misalignment. If misaligned, see paragraph 324.

(3) Refer to paragraph 170b for supplemental visual
checks.

321. CONTROLS,

a. Purpose. This procedure verifies proper operation of
the system controls.

Chap 5
Par 315

NOTE: Some types of controls may not be installed at all
sites.

b. Procedure,
(1) Photocell Control,

(a) With system operating during daylight hours
(high intensity), cover the photocell with black paper, cloth,
ete. to exclude all light. After a short time delay, the lights
should switch from high to low intensity (nighttime mode).

(b) Remove the cover from the photocell. After a
short time delay, the lights should switch back to the high
intensity (daylight) mode.

{2) Remote Tower Conirol.

(@) Coordinate with air traffic (AT) personnel to
request that the system be turned on,
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(b) Request tower personnel to operate the
system on both brightness levels. Observe and verify
normal system operation.

(3) Local control. Obtain local control and
switch through all brightness steps. Observe and verify
normal operation.

(4) Landline control. Operate the system from
both the local and remote control panels, if applicable.
Select each control function, and verify that the syste
operates as designed. :

(5) Ground-to-ground control. Operate the
system from both the local and remote control panels, if
applicable. Select each control function, and verify
that the system operates as designed.

(6) Air-to-ground control. Switch to air-to-
ground control.
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Use a transmitter located at least 1 *

1131196

+ mile or as far as practicable from the facility to control

the system. Turn the system on and observe operation
while selecting each control function.

322. METER READINGS.

a. Purpose. These readings establish a record of
the normal operating parameters and provide reference
data to be used for preventive maintenance and
troubleshooting of the equipment in the event of an
equipment failure.

b. Procedure.

(1) Measure the following system parameters.
Record readings on the technical performance record
form specified in paragraph 287. If there are no
installed meters, use portable instruments for the
readings.
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NOTE: Refer to the manufacturers instructions for the
specific location of measurement points.

{a) Input voltage to the power and control assembly,
(b} Input current to the power and control assembly.

(c) Output currents, for each output of the power and
conirol assembly or regulator, at all brightness levels,

NOTE: This test requires the use of a true RMS
multimeter such as a Fluke Model 87, Tektronix Model
DMM?914, or a Hewleit-Packard 973A

(d) Elapsed time, if an elapsed time mcter is installed.

(2) Compare all readings with previous readings and
investigate the difference. A change may be an indication of
impending failure, If readings are beyond tolerance, detertmine
the cause and correct as required.

323. TILT SWITCH ADJUSTMENT.

a. Purpose. This check veﬁﬁes that the tilt switches are
properly adjusted and operate properly if a lamp housing
assetnbly becomes misaligned, :

b. Procedure,

(1) Refer to the manufacturer’s instruction book for the
detailed procedure for checking and adjusting the tilt switches.

{2) The tlt switch shall be édjustx:d to its nonmal oper-
ating position after the LHA. has been aimed to the desired
vertical angle,

NOTE; The VASI-2 and the PAPT systems require the use
of tilt switches. The tilt switch deenergizes the lamps in the
VASI-2 and PAPI systems when the optical pattern of the
lamp housing is lowered between 0.25° and 0.5°, or raised
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between 0.5% and 1° with respect to a preset position. The
tilt switch features a 1-second delay in the opening of the
normally closed switch contacts. A tlt switch closure of 10
seconds turns off the lamps in the system.

324. VERTICAL AND HORIZONTAL ALIGNMENT.

a. Purpose. These checks and adjustments insure that the
vertical and horizontal alignment of the VASIPAPI lamp
housing assemblies {LHA) meets the operational requirements
specified in chapter 3.

b. Discusston,
(1) Vertical Aiming (Approach Path Angles),

(2) VASIL Aiming and obstruction clearance dia-
grams, figures 5-4 through 3-7, show the relationship between
the effective visual glide paths, the aiming line of the upwind
bar, the aiming line of'the middle bar (where installed), and the
aiming line of the downwind bar, Where an ILS and VASI
(two-bar) serve the same runway, the glide slope angle and the
effective visual glide path are the same. Therefore, if any
change is made in the ILS glide slope angle, the VASI shall be
adjusted immediately to conform with the new angle of the ILS
glide slope. The box angle should be stenciled on the side of
the box.

{b) PAP]L. Aiming and obstruction clearance dia-
grams, figures 5-8 and 5-9, show the relationship between the
effective visual glide paths, the aiming line of each light hous-
ing assembly. Where an ILS and PAPI serve the same runway,
the glide slope angle and the effective visual glide path are the
same. Therefore, if any change is made in the ILS glide slope
angle, the PAPI shall be adjusted immediately to conform with
the new angle of the IL.S glide stope. The box angle should be
stenciled on the side of the box.
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A AIMING ANGLE, UPWIND BAR
8 EFFECTIVE VISUAL GLIDE

¢ AIMING ANGLE,DOWNWIND BAR
T

EFFECTIVE VISUAL THRESHOLD CROSSING
HE{GHT.

Ax B= ¢ +i/2°

APPROACH SURFACE

. CRITICAL -
L upwino san Lngmmmn THRESHOLD  opShiTieAL,

Figure 5-4. Aiming and Obstruction Clearance Diagram for Two-Bar VASI
(Systems Installed Before March I8, 1974)
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A AIMING ANGLE , {UPWIND BAR), NO.2
B EFFECTIVE VISUAL GLIDE PATH ANGLE S .
e\ o
¢ AFMING ANGLE , { DOWNWIND BAR), NO.I o
T EFFECTIVE VISUAL THRESHOLD CROSSING HEIGHT
A=BzCH+1/2°
y "GRITICAL
; GBSTRUCTION
- $UPWIND BAR $DOWNWIND BAR t
- tNo.2 NO.1
THRESHOLO
VAS| REFERENCE POINT
MIDWAY BETWEEN NO.1 AND NO.2 BARS
Figure 5-5. Aiming and Obstruction Clearance Diagram for Two-Bar VASI
(Systems Installed After March 18, 1974)
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A AIMING ANGLE,UPWIND BAR

B AIMING ANGLE,MIDDLE 8AR= ¢+ AZC

C  AIMING ANGLE,DOWNWIND BAR = 7

T  THRESHOLD CROSSING HEIGHT, DOWKWIND ZONE

v -
UPWIND BAR LMIDDLE BAR LDOWNWIND BAR CRITICAL
THRESHOLD 0BSTRUCTION
Figure 5-6. Alming and Obstruction Clearance Diagram for Three-Bar VASI
(Systems Installed Before March 18, 1974)
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A AIMING ANGLE ,(UPWIND BAR), NO.3
8 AIMING ANGLE, (MIDOLE BAR),NO.2 ¢ c+‘°‘2;°
C AIMING ANGLE,{DOWNWIND BAR),NO.I
T| THRESHOLD CROSSING HEIGHT , LOW GLIDE PATH
T, THRESHOLD CROSSING HEIGHT, HIGH GLIDE PATH

CRITICAL
OBSTRUCTION

—THRESHOLD

Figure 5-7. Aiming and Obstructi.on Clearance Diagram for Three-Bar VASI
(Systems Installed After March 18, 1974)
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Figure 5-8. PAPI Approach Path Diagram
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Figure 5-9. PAPI Obstacle Clearance Surface
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¢ Proceduﬂe

(1) Record on FAA form 6030-1, Facilities Main-
tenance Log, the vertical angular setting made to the
VASI or the PAPI system. Specify whether alignment
was made using an aiming device, a transit, or both.

(2) Visually inspect the horizontal alignment of
each of the lamp housing assemblies. Normally, no
adjustment is necessary, however, if any units are
displaced by mowing machines or other causes, reposition
them to the originally installed position so they will meet
the requirements of Order 6850.2A.

(3) Check and adjust, if necessary, the vertical
alignment of the VASI lamp housing assemblies. Refer
to the VASI manufacturer’s instruction manual for
proper use of the VASI aiming device supplied. The
following paragrapbs descnbc the various type of aiming
devices.

(a) VASIL The light unit must be level along an

axis at right angles to the runway. Place a carpenter’s |

level along the top of the lamp bulkhead, transition bar,
and/or aperture; then raise or lower the adjusting nuts
on one of the ‘back legs. When these are level in this
duechon, secure the nuts on the back legs and proceed

with zummg by raising or lowering the two front legs. A’

precision aunmg device is provided with each VASI so
that the aiming of the upwind and downwind bars can be
maintained to the prescribed angle. Use of the
graduated dial on the aiming device simplifies the aiming
of the composite beam to within the tolerances of the
required glide path angle. And, use of the level bubble
makes it easy to adjust all units in any one light bar to
the prescribed tolerance. If the dial is disturbed during
the aiming process, reset it and lock it. Also, recheck
and re-aim units previously checked. Each division on
the level tube represents 1.2 minutes, so the light units in
each light bar can be set at angles that are within the
specified tolerance of each other. Carefully handle and
store the aiming dcvzcc and check Lhc dxa.l settmg before
each use.

(b) Rotating Head Almmg Device. The slotted

head fits onto the transition bar inside the box when -

“using this aiming device to aim a Jight unit. In order to
achieve the 0.5° sprcad, the word *low* must be in view

on the head when aiming the downwind units, and the

word "high" when aiming the upwind units. Aim the box
by adjusting the two front legs, first one and then the
other. Insert the slotted-head, with level tube up,
through one end of the 2-inch aperture at the front of the
box. Fit the U-shaped bulkhead at the point where the
red and white lenses meet. Reset the bottom side of the
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aiming device on the bottom edge of the aperture; the

“leve] tube and bubble will be in view outside the box.
" With the aiming device thus positioned along one edge of

the box, raise or lower the froat leg of the box until the
bubble is centered in the tube, making sure the other
front leg is free to move. Move the aiming device to the
other edge of the box and adjust the other front leg.

" Tighten the locknuts on the leveling screws on both legs.

Recheck the aiming of both cdgcs after tightening to be
sure thc bubblc is still centered in the Icvcl tube.

1 Style A Rotating Head chclmg Dcwce
This leveling device (NSN 6210-00-867-4164) has a
rotating slotted head on one end that makes the level
read 0.25° high or 0.25° low, according to the slotted head
setting, high or low. This feature permits setting the
upwind and downwind bars with 0.5° angular spread for
the two-bar VASL. The upwind units of the fwo-bar
VASI are aimed parallel to the established glide slope
path angle and the downwind bars 0.5° lower than the
glide path angle. The on-path beam, as seen by the pilot,
is not halfway between the two setting as would be
expected, but is 0.25° higher. Rather than change the
slotted head on the leveling device, the lower aiming is
achieved by the following dial setting procedure. Set the
rotatmg dial on the leveling device to read the desired
angle minus 0.25°. After setting the dial, lock it in place,
and insure that the movable support is in contact with the
cam, :

2 Style B Rotating Head Leveling Device.
This leveling device was furnished under contract
FA70AC1042-3. The predetermined glide path angle is
sct on the direct indicating scale. After setting the dial
to the desired angle, lock it in place, being sure the
movable support on which the bubble is mounted is in
contact with the degree-marked cam.

(c) Fixed-Head Aiming Device, The fixed-head
aiming device is a direct reading instrument. Set the

'prcdctcrﬁ;incd angle for the particular light unit on the

aiming device indicating scale. Be careful to differentiate
between the upwind and downwind light bars, Aim the

" box by adjustmg the two froat legs, first one and then the
‘other.” Insert the slotted head, with level tube up,
" through one end of the 2-inch aperture at the front of the
‘box. ‘Fit the U-shaped bulkhead at the point where the
‘red and white lenses meet. Reset the bottom side of the

aiming device on the bottom edge of the aperture; the

“level tube and bubble will be in view outside the box.

With the aiming device thus positioned along one edge of
the box, raise or lower the front leg of the box until the
bubble is centered in the tube, making sure the other
front leg is free to move. Move the aiming device to the

" other edge of the box and adjust the other front leg and
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then tighten the locknuts on the leveling screws on both
legs. Recheck the aiming of both edgcs after tightening
to be sure the bubble is still centered in the level tube.,

(d) Srylc C Walker Bar and Calibration Bar.
These aiming and calibration bars are manufactured
under FAA Specifications FAA-F-1328¢. The Walker bar
is an accurate, aluminum, alignment instrument, which
may be operated by one person. . The level is per-
manently mounted and has a fine adjustment to calibrate
the instrument. For further information see the instruc-

FIXED LEVEL

WALKER

:/'.1_'_”“

ANGLE SCALE PLATE

-POINTER ARM
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' tion book, VASI Aiming Instruments, contract DOT-

FA73IWAI-360; and figure 5-10. The aluminum
calibration bar is used to field-check and calibrate the
Walker bar. The calibration bar is designed for laying on

'a flat surface and has an adjustment feature to permit

leveling in a horizontal plane. A level separate from the
bar is used to level the calibration bar. The calibration
bar bas mounting points corresponding to the transition
bar and aperture of the lamp housing on which the
Walker Bar can be placed for accurate adjustment of the

zero dlalmg setting.

PORTABLE LEVEL

TRANSITION PLATE

|

APERTURE

PLATE

LONG SECTION.
“LEVELING DEVICE
" LEG B

/L/ VAV A A A e 4

APERTURE BLOCK

VAS| CALIBRATION
BAR

Figure 5-10. Walker Bar Alming and Calibration Components

(e) - Transit Aiming.  Aiming can be
- accomplished using a transit mounted on a camera-type
tripod with an elevating mechanism. The lamps in the
Light unit should be energized at low intensity,.. The

transit is placed about 50 feet (15 meters) in front of the

light unit to be aimed, and then set the desired angle on

the vertical vernier of the transit. The transit elevation |

is adjusted such that the telescope intercepts the light
beam. If the terrain is such that the light beam elevation
at 50 feet (15 meters) is too high for ground mounting of
the transit, use a stable elevated platform. Now adjust
the VASI light unit so that the least disccrnible white
light is visible below the transition bar and the telescope
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horizontal a‘osshaxr bisects the slit of 'whitc.:light.

® Aiming Device Calibration. The aiming

dcv:ée is a precision instrument, factory calibrated with

a laboratory standard, and should be carefully handled

_and stored to retain its accuracy. With careful handling,
it is unlikely that the instrument will be out of

adjustment. However, the device can be checked for

~ accuracy by.the foﬂowmg method if a calibration bar is
not available. :

1 Sclect a ﬂat, unwarped table or bcnch and

.!evcl it with a carpenter’s level
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2 Set the leveling device dial to 0°.

3 With equal size blocks inserted under the chan-

nel of the aiming device bar near each end, the bubble should

appear very near or at the center of the level tube.

4 Rotate the aiming device 180° on the blocks.
The bubble should appear at the same relative position in the
level tube.

5 If the bubble is not centered within two divi-
sions on the level tube (each division is 1.2 minutes), recali-
brate the device by adjusting the level tube until the bubble
appears centered with the level dial at 0°.

6 The angular adjustment .dial is now precisely
calibrated.

(g) Vertical Alignment for Maximum Light Intensity
Through the Aperture. The light meter and tripod are used to
adjust the vertical alignment of the lamps for the maximum
intensity through the aperture of the lamp housing assembly.
Two light meters and tripods are required at each sector main-
taining VASI systems. After an individual lamp replacement,
an interim check for uniform lamp intensity is to visually
inspect the LHA light output from approximately 700 feet
downwind. Adjust the lampholders as required for uniform
light output with maximum intensity.

1 Systems Having Individual Iampholder
Adjustments. Remove the power from the lamp housing
assembly (LHA). Disconnect the electrical wires from two of
the lamps. Place and tape the light meter on the tripod. Place
the light meter and tripod directly in front of the lamp that is
electrically connected. Adjust the height until the light meter is
at the height of the aperture. Place the tripod and light meter as
close as possible to the aperture. If possible, place the meter
partially into the aperture, but not touching the LHA. This
position decreases the amount of background light read by the
meter. Reapply power to the LHA and adjust the vertical
alignment of the lampholder to obtain the maximum intensity.
Tighten any loose alignment adjustment hardware. Remove
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power from the LA and then disconnect the electrical wires
from the lamp that was adjusted. Reconnect the electrical wires
to one of the other unadjusted lamps. Move the light meter and
tripod opposite this lamp, and repeat the procedure. Remove
power from the LHA and disconnect the electrical wires from
the second adjusted lamp and reconnect the electrical wires to
the third lamp. Repeat the alignment procedure. Remove
power from the LHA and reconnect the elecirical wires to the
other two aligned lamps, All three lamps should now be
properly aligned for maximum intensity. Use this procedure
for each of the other LHA's.

2 Systems Not Having Individual Lampholder
Adjustments. Place and tape the light meter on the tripod.
Place the light meter and tripod in front of the LHA at the
center of the aperture. Adjust the height until the light
meter is at the height of the aperture. Place the tripod and
meter as close as possible to the aperture. If possible, place
the meter partially into the aperture, but not touching the
LHA. This position decreases the amount of background
light read by the meter. The maximum light intensity
through the aperture occurs when the lamps are tilted
downward approximately 1.8° from the center line of the
lamps and the aperture. This small change of 1.8° will
increase the intensity by approximately 56 percent from zero-
degree tilt. The alignment of the lamps is dependent upon the
position of the bulkhead. Remove either the bolts or screws at
the top or bottom where the bulkhead is fastened to its mount-
ing brackets. The entire bulkhead can be repositioned from the
vertical allowing the lamps to tilt downward. Site adaptation
may be required for each system. With the lamps on, monitor
the light meter, and tilt the bulkhead to produce the maximum
light intensity through the aperture. Use washers as shims to
reposition the bulkhead. Site adaptation may be required for
each LHA. After repositioning the bulkhead, replace mounting
hardware. Repeat the procedure for other LHA's.

(4) Check the vertical alignment of the PAPI
lamp housing assemblies and adjust if necessary. Refer
to the PAPI manufacturer's instruction manual for
proper use of the PAPI aiming device and the alignment
procedures.
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325. PAPI LAMP FAIL CIRCUITRY TESTING

a. Purpose. The following checks ensure that the
Lamp Fail Circuitry is functioning properly before the system
is placed on line for normal operation.

b. Procedure.

. (1) Remove all power from the system under test
and disconnect the RMS battery pack.

(2) Remove the top cover to Lamp Housing

Assembly (LHA) #1.

{3) Locate the circuit breaker for Lamp #1.

(4) Close the breaker or turn it “on”.

{(5) Measure the resistance across the circuit
breaker lamp failed annunciation contacts. The resistance
reading shall be as specified in paragraph 106a.

(6) Measure the resistance across the circuit
breaker lamp shorting contacts. The resistance reading shall be
as specified in paragraph 106b.

(7) Open the lamp circuit breaker or switch it
“Oﬁ,.

{8) Disconnect one or more electrical leads from
the lamp and ensure that the Jamps leads are not shorted
together and are isolated from any other conductors.

{9) Measure the resistance across the circuit
breaker lamp failed annunciation contacts. The resistance
reading shall be as specified in paragraph 106¢.

{10) Measure the resistance across the circuit
breaker lamp shorting contacts. The resistance reading shall be
as specified in paragraph 106d.

(11) Replace the electrical leads to the lamp that
were removed in step 8.

(12) Locate the circuit breaker for Lamp #2.
(13) Repeat steps 4 through 11 for Lamp #2.
(14) Locate the circuit breaker for Lamp #3.
(15) Repeat steps 4 through 11 for Lamp #3.

(16) Remove the top cover to Lamp Housing
Assembly (LHA) #2.
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(17) Repeat steps 3 through 15 for LHA #2

(18) Remove the top cover to Lamp Housing
Assembly (LHA) #3.

(19) Repeat steps 3 through 15 for LHA #3.

(20) Remove the top cover to Lamp Housing
Assembly (LHA) #4.

(21) Repeat steps 3 through 15 for LHA #4.

(22) Ensure that all LHA lamp circuit breakers are
initially closed before proceding to step 23.

{23) Locate and open the lamp #2 circuit breaker
onty on all four LHA’s.

(24) Tum on the system and verify that only lamps
#1 and #3 illuminate in ali four LHA's.

(25) Turn off system power.

(26) Open Circuit breaker #3 and verify that circuit
breaker #2 is also open on all four LHA’s.

(27) Turn the system power on.

(28) Enswure that all Jamps are extinguished on all
four LHAs.

(29) Turn off the system power.
(30) Reclose Jamp circuit breaker #2 on all LHA's.
(31) Tum on system power.

(32) Verify that only lamp#1 and Lamp #2 are
illuminated on all LHA’s.

(33) Tum off the system power.

(34y Reclose all lamp circuit breakers on all
LHA’s.

(35) Replace all LHA encliosures and reconnect the
RMS battery pack.

(36) Tum on power to the system and ensure that
all lamps are illuminated on all four LHA’s.

326.-328. RESERVED.

Chap 5
Par 325



P Y
. 3

‘t%\

3M19/2002

6850.5C CHG 4

Subsection 5. REIL

329. VISUAL AND OPERATIONAL CONTROL

* CHECKS.

a. Purpose. This procedure verifies system status and
checks operation of the controls for the REIL.

NOTE: Some types of controls may not be installed at
all sites.

b. Procedure.
(1) Control from ATC fower.

(a) Regquest air traffic control persomnne] to turs on
the system.

(b) Verify that both lamps are on.

(c) Request operation on all brightness levels.

(d) Verify that both lamps operate on each level.
(2) Control from the switch assembly cabinet.

(2) Turn the lights on with low intensity by
depressing G/G and REIL 1.

(b) Change the lights to medium intensity by
depressing REIL 2.

(c) Change the lights to high intensity by
depressing REIL 3.

(d) Turn the lights off by depressing REIL OFF.
(3) Air-to-ground control.

(a) Place the system in air-to-ground mode by
depressing A/G.

(b) Using a transmitter located at least a mile
away, turn the lights on with low intensity by keying the
transmitter three times (transmitting three bursts of carrier
energy) within a 5-second period of time.

(c) Change the lights to medium intensity by
keying the transmitter five times within a 5-second
period.
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(d) Change the lights to high intensity by keying
the transmitter seven times within a 5-second period.

(¢) Leave the system in A/G mode until it times-
out and the lights turn off. This should take approximately
15 minutes.

(4) Switch assembly control.

(a) Place the system in ground-to-ground mode by
depressing G/G. If an interface unit is attached, the lights
will come on in high intensity. Otherwise the system will
remain turned off.

(b) If the system is turned off, turn it on with
lights in high intensity by depressing REIL 3.

{c) Change the lights to medium intensity by de-
pressing REIL 2.

(d) Change the lights to low intensity by
depressing REIL 1.

(¢) Turn the lights off by depressing REIL OFF.
(f) This completes the test.
(g) Return the system to normal operation.

330. VERTICAL AND HORIZONTAL ALIGNMENT.

a. Purpose. These checks ensure that the vertical and
horizontal alignment of the REIL lights meet the opera-
tional requirements specified in chapter 3.

b. Discussion. The light units shall be aimed at an angle
of 100 vertically and toed outward from a line parallel to the
nunway centerline 150. Baffles should not be used unless
warranted by user complaints of blinding effects and/or flight
inspection findings. In these cases, baffles may be installed
as a system option without the necessity for NCP (National
Change Proposal) action. Where baffles are installed, the
light units shall be aimed at an angle of 30 vertically and
toed outward 100. Systems installed with baffles should not
be changed unless warranted by user complaints and/or flight
inspection findings, or as needed due to snow or ice accu-
mulation. Omnidirectional REIL (ODREIL) light units shall
be maintained piumb.
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¢. Procedure.

(1) From site drawings, or as stenciled on the power
and control box, determine the designed alignment and
elevation angle.

(2) Visually inspect the horizontal position of each
light to verify the lamps are in the position installed.

(3) Adjust the elevation angle using the built-in
inclinometer or a suitable aiming device designed for
flasher alignment.

(4) Refer to the manufacturer’s instructions for
alignment procedure for the ODREIL lights.

331. METER READINGS.

a. Purpose. These readings establish a record of the
normal operating voltages and provide reference data to be
used for preventive maintenance and troubleshooting in the
event of an equipment failure.

b. Procedure.
(1) The following meter readings shall be recorded
on the technical performance record form specified in

paragraph 287.

(2) Measure the input voltage to the power and con-
trol cabinet.

Page 96-2

3/19/2002

(3) Measure the input voltage to each of the flasher
lamp assemblies.

NOTE: Refer to the manufacturer's instructions to
determine the specific terminal location.

332. MONITOR OPERATION.

a. Purpose. This check verifies monitor operation if
the REIL system is so equipped.

b. Discussion. Some systems are designed so that if
one light fails,-both lights will shut off. There is no moni-
toring requirement for the REIL. It is not required that both
lights automatically shut off in the event of failure of one
light, per Order 6850.2A.

¢, Procedure,

(1) This test is to be performed only on applicable
systems.

(2) Coordinate this test with air traffic control.

(3) Open the door to unit no. 1; system should shut
down.

(4) If the system is equipped with a remote raonitor,
verify its operation.

333.-334. RESERVED.

Chap 5
Par 330



3/27/95

6850.5C

Subsection 6. OBSTRUCTION LIGHTS

335. VISUAL CHECKS.

a. Purpose. This check verifies the operational status
and condition of the obstruction lights.

b. Procedure. All obstruction lights shail be checked
periodically either by viewing the light or by observing an
automatic, and properly maintained, indicator that
registers any failure of such lights. All burned-out lamps
shall be replaced immediately after detection. If the
obstruction lighting is not readily accessible for this visual
observation, an automatic alarm system may be installed.
The side, or intermediate obstruction lights, may be
excluded from the alarm circuit (1) if the signaling device
will indicate malfunctioning of all flashing and rotating
beacons and all top lights regardless of their positions on
the obstruction, and (2) if all other obstruction lights are

visually inspected once every month. Refer to paragraph

170b for supplemental maintenance instruction.
336. BEACON FREQUENCY.

a. Purpose. This check visually verifies that the
beacons are flashing at the approprlatc rate as specified
in chapter 3.

b. Procedure.
(1) Flashing-300mm Electric Code Beacon.
(a) Using an accurate timing device, carefully
measure the number of flashes aver a full 2-minute

period.

(b) Verify the count with t.hc opcratmg limits
established in chapter 3,

(2) Rotating Beacons, Single or Double Ended.
{a) Using an accurate timing device, carefully

count the number of flashes (times the light is visible) for
a 2-minute period. :
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(b) Verify the count with the operating limits
established in chapter 3.

337. CONTROKL: DEVICES.

a. Purpose. This check verifies the normal operation
of the obstruction light automatic control devices and
alarms.

b. Procedure.

(1) Cover the photocell and cause the switch to
operate.

(2) Verify that the obsl:ructlon lights respond
properly to the control action,

(3) Check the alarm operation with the following
appropriate procedure.

(a) To check BEACON alarm circuits for the
Hughey and Phillips control unit, open the appropriate
single pole single throw (spst) switch (see partial sche-
matic figure 5-11) when the system is operating. The
opening of the switch causes the alarm relay (K-302 or
K-303) to operate and closes the dircuit between
terminals F-G of TS-2.

(b) To check obstruction light alarm circuits for
the Hughey and Phillips control unit, open the approp-
riate single pole double throw (spdt) switch (see partial
schematic figure 5-11) when the system is operating. The
opening of the switch causes relay K-304 to close, in turn
closing the circuit between terminals G and H of TS-2,

(¢) To test the lamp alarm circuit of the
Crouse-Hinds control unit,open the appropriate spst
switch (see partial schematic figure 5-12) when the
system is operating. The opening of the switch causes
the armatures of the corresponding relay K1, K2, K5, or
K6 to release. The closing of the respective contacts
causes the alarm.
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338. LAMP REPLACEMENT. (3) When there is excessive sagging of the filament or
broken fused filament supports.

a. Purpose. This check visually inspects the lamps to

determine their usefulness and  replaces the lamps as (4) When rated lamp life has been attained.
conditions indicate. When replacing lamps in major apparatus such as
_ beacons, the date the lamps are installed in the oper-
b. Discussion. Maintenance personnel should always ating receptacle shall be recorded in facility
ensure that the proper size and type of lamp is provided for maintenance log and retained at the facility. This will
each receptacle and is properly focused. If any lamp, even be a ready reference, indicating to maintenance
though still burning, appears near failure, it should be replaced personnel the approximate hours of service.
immediately. Good judgement should be exercised so that T _
lamps having a remaining useful life are not prematurely (5) Refer to the manufacturers instruction manual
replaced. . for specific lamp replacement data and adjustment
. . L procedures.
¢. Procedure. Inspect the lamps and replace them under - a
the following conditions. . NOTE: When replacing a beacon's No. 1 lamp,
C remove the No. 2 lamp and install it in the No. 1
(1) When the interior of high wattage lamps has operating position. Instali the new lamp in the No. 2
blackened appreciably from the top to about three-fourths inch position. When replacing a lamp, the new lamp shall
above the top of the filament. (This necessitates replacement always be burned for approximately 5. minutes to
regardless of filament conditions, because the blackening of ascertain that the lamp has operated satisfactorily
the glass materially decreases the light output.) and that it will not fail after a few minutes of
operation,

(2) When the lamp has been blistered from reflected
sun rays or other causes. 339. RESERVED,

Subsection 7. WITHDRAWN - CHG 1

340, Withdrawn - CHG 1
341.-344. RESERVED.

Section 2. OTHER MAINTENANCE TASKS PROCEDURES

345, GLASSWARE, REFLECTORS, AND FILTERS. (1) Visually check the condition of all glassware.

a. Purpose, This procedure checks the brilliance, (2) Inspect for cracks, pits, and leaks at the lens edge
color, beam spread and light visibility of each light in the and for cleanliness.
system. '

b. Procedure.

NOTE: Refer to paragrdphs 299 and 308 for corrective
maintenance procedures.
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(b) Inspect all lamps for damage or misalign-
ment, B

() Look for damaged, missing, or misaligned
filters and reflectors. A missing filter constitules a lamp
outage. To prevent pilot confusion, disconnect the
affected lamp until filter can be replaced. -

(2) Inspect semi-flush lights for visibility.

{a) Semi-flush lights are particularly susceptible
to a reduction of light output by relatively small accumu-
lation of snow, sand, mud, leaves, oil film, or other matter
which may accumulate in front of the prisms. Prisms
should be kept clean by frequent and careful maintenance.
Semi-flush fixtures should be carefully cleaned with a
broom, compressed air, or a vacuum cleaner.

{b) Airport maintenance personnel should be
advised against running snowplow blades over semi-flush
fixtures, because of the resulting damage or misalignment.

(3) Clean all glassware, reflectors and filters as
required to insure maximum light output. Cleaning of
glassware, reflectors, and filters can best be accomplished
by applying a liquid glass cleancr and wiping dry with a
soft, cotton cloth. Avoid using a strong caustic or abrasive
cleaner. :

(4) Repair or replace as required any damaged or
missing glassware, lamps, reflectors or filters.

346. SUPPORTS.

a. Purpose. This check verifies the reliability and
physical condition of the light suppert structures.

b. Procedure.
(1) Check light supports and guys for rigidity, by

grasping them firmly and trying to move the support or
guy wire.

(2) Inspect structures for rust, loose paint, or
obvious misalignment.

347, TRANSFORMER AND REGULATOR OIL.

a. Purpose. This check determines the oil level and
insulating properties of the insulating oil.
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b. Procedure.

(1) Inspect the constant current reguiator for the
proper oil level as indicated by the oil level gauge. The
indicator should be approximately in the center of the dial
when the oil femperature is 25°C or 77°F.

(2) Inspect theé regulator tanks and all oil filled
transformers for oil leaks. If leaks exist, repair or replace
as necessary. Refer to the manufacturer's instruction book
for maintenance procedures. o

(3) Check the dielectric strength of the insulating
oil by using a Hipotronics, Inc., Model OC-51MG liquid
dielectric tester.  See the tester instruction book and Order
6950.18A, Maintenance of Electrical Distribution
Systems, for the testing procedure.

348. APPROACH LINE-OF-SIGHT CLEARANCE.

a. Purpose. This check insures that the required
approach line-of-sight clearance is maintained.

b. Procedure.

(1) Visually inspect the approach zone for obstruc-
tions which may have penetrated the approach line-of-
sight clearance.

{2) Refer 1o Order 6850.2A for visibility requirements.

(3) If an obstruction is noted, report it to the proper
authority and make an entry on the technical performance
record form specified in paragraph 287.

349. TYPE LB-1 LIGHT BASES.

a. Purpose. The following procedures are used to
check and remove water, instail new incandescent lamps
and perform maintenance on semi-flush/frangible flashers
installed in the LB-1 light base.

b. Procedure. The LB-1 light base (figure 2-11) is used
with the type AL-1 semi-flush approach lights, the frangible
approach lights, and with the semi-flush/frangible flasher
lights. Although the base was designed to be waterproof,
ground and surface water will find a way in. Water
accumulation can be a serious problem and for that reason the
bases must be checked periodically or as required by local
conditions.
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350. OIL CIRCUIT BREAKER MECHANISM.

a. Purpose. This procedure provides a means of detect-
ing potential problems with the oil circuit breaker (OCB)
operating mechanism.

b. Procedure.
{1) Obtain local system control
(2) Visually inspect the operating mechanism while
the oil drcuit breaker (OCB) is being closed (latched) and
opened (tripped).

(3) Observe the closing, latching, and trip mechanism
for proper operation.

(4) Check pins, linkages and switch arms for wear,
tightness and freedom of movement.

(5) If maintenance is required, refer to the manufac-
turer’s instructions for specific maintenance procedure.

351. ELECTRICAL CONNECTIONS.

a. Purpose. This procedure checks the electrical connec-
tions to insure a more reliable system operation.

b. Procedure.
(1) Coordinate with air traffic control

(2) Remove all power from the system. Use hot
stick to ground all exposcd terminals,

3 Refcr to Order 6950.18A for maintenance of
lightning arrestor connections, elecirical connections, and
safety conditions of power distribution equipment at
terminal pole, substation, and transformer pads.

(4) Check that all connections, terminal lugs, and

cable connections are tight and clean. Replace or tighten
all connections and terminal lugs that show signs of beating.

(5 Clean all high-voltage wiring and components to
prevent leakage and corona discharges.

352, ALS LIGHT FIXTURES.

This check insures the full light output,
brdhancc and color from the ALS light fixtures.

b. Procedure.
(1) Surface Mounted Fixtures.

(a) Check all surface mounted light fixtures for
missing glassware, reflectors, and filters,
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(b) Replace all damaged or missing parts.
(2) Flush Fixtures.

(a) Check all flush mounted light fixtures for
missing glassware, reflectors, and filters.

(b) Replace all damaged or missing parts.

(c) Flush Fixture Removal and Reinstallation.
Most mounting plates have a drilled and tapped hole for
insertion of an eyebolt so that a bar may be used to
remove the plate. A flush-mounted plug must be re-
moved to permit insertion of the eyebolt and must be
replaced after the plate has been reinstalled. In cases

. where the older type cover plates are still in use, an
- ‘alternate method must be used. One method of remov-

ing the type A adapter plate is to remove the frangible
coupling from the plate and replace it with a piece of
2-inch pipe approximately 3 feet long. This allows suffi-
cient leverage to be applied to remove the adapter plate.
The removal of the adapter plate is necessary only when
servicing the flasher power assembly. Before reinstalling
adapter plates, tighten all sealing bushings. If this is not
done carefully, water will leak into the light base. When
adapter plates are removed, the gasket should be
inspected very carefully. Detertorated gaskets can be
replaced as follows: Make certain the "O" ring gasket
holes match the holes in the light base exactly, Be sure

~.the mounting flange of the base and adapter plate and

gasket are clean and free of dirt, sand, grease, pebbles,
etc. Coat the bolts with pipe-joint compound to prevent
water leakage through threads. Tighten bolts to 15 foot-
pounds torque. (See figure 5-13).

353. RELAYS.

a, Purpose. This check is a visual inspection of all
open type relays to provide early detection of potential
problems.

b. Procedure.

(1) With system off, visually inspect all open type
relays.

(a) Look for indications of arcing, pitted, or
burned contacts:

Look for loose conmections, frayed or
broken insulation, loose mounting screws, and loose coils.

(2) Operate system and observe the relays while
they are being operated. Look for arcing, contact
bounce, sluggish operation, loose return springs, ete.

(3) Repair, replace, or adjust relays as necessary to
insure a more reliable system operation.
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354. FLASHER MASTER TIMER,

a. Purpose. This check is a visual inspection of the
motor driven flasher master timer contacts and associated
components.

b. Procedure.

() Inspect the timer motor and look for excessive
bearing wear, indications of overheating, loose electrical
connections, or mounting hardware.

(2) Inspect the timer contacts and look for burned
contacts, loose electrical connections or mounting hard-
ware, and sluggish operation.

(3) Inspect the overall flasher master timer for
obvious defects. o

(4) Make necessary repairs or adjustments.
355. WARNING AND IDENTIFICATION SIGNS.

a. Purpose. This js a visual check to insure that all
approach light stations are properly identified with the
appropriate station number and the proper elevation
angle. '

b. Procedure. Visually inspect ecach of the approach
light stations to verify that each station is properly iden-
tified according to the following standards,

(1) Approach Lighting Stations. Approach lighting
stations shall be fitted with a numbered identification sign
as shown in figure 2-9. Sequenced flashers and medium-
intensity approach lighting stations shall be numbered
either by signs or stenciling. Except for equipment with
signs already attached, warning signs (FAA standard
drawing C-4676) shall be placed on each ALSF-1 and
ALSF-2 end structures, and/or in other locations as
required due to design location of the approach light
stations, and on such intermediate structures as will assure
that the distance between the signs will be no more than
500 feet. High-voltage signs (FAA standard drawing
C-4850) shall be conspicuously placed on each structure.

(2) ALSF-1 and ALSF-2 Installations. Each 100-
foot station shall be numbered consecutively from the
runway threshold (station 0+00) to the last light station
numbered. The as-built facility drawings will show the
correct light bar numbering.

(3) SSALS, SSALF, SSALR, MALS, MALSF, and
MALSR installed prior to August 31, 1979. Begin num-
bering at the runway threshold with number 1, and the
next light station number 2 and so on, continuing to and
including the last or outermost unit. Systems installed

Chap 6
Par 354

6850.5C

after August 31, 1979, shall be numbered as indicated in
paragraph (2),

(4) Flashing Light Systems, Flashers are numbered
beginning with the outermost flasher as number 1 and
proceeding in consecutive order to the innermost flasher.
However, when flashers are an integral part of an ALS,
they should be identified by reference to the number of the
approach light station on which they are installed.

NOTE: All flashers installed after August 31, 1979,
shall be numbered as indicated in paragraph (2).

(5) Rigid Structures.  Rigid structures shall be
identified as shown in figure 2-9. The sign shall be located on
the access road or ladder side of the structure, either on the
platform or the vertical structure support, preferably within 6
feet of the ground level. The sign shall have black lettering
on a white background.

(6) Frangible Assemblies. The station number and
elevation settings shall be stenciled on the side of the
lampholder of the outer lamp assembly facing the access road
or substation side of the light lane. The configuration of the
sign shall be similar to that shown in figure 2-9 with
minimum size 1-inch black lettering on a white background,
A scparate identification showing the required information
sign may be attached to the vertical supporting column in lien
of stenciling, C

(7) Flush Type Installation. The station number
shall be stenciled on the concrete pad between the fourth
and fifth lamp assembly facing the access road or the
substation side of the light lane.

356. AMMETER,

a. Purpose. This procedure validates the accuracy of
the loop current ammeters.

b. Procedure.

(1) Obtain a known calibrated root-mean-square (RMS)
ammeter with sufficient range to measure the loop current. Loop
current, as measured on the panel mounied meter, may be
reduced by a 25/5 current transformer.  Check manufacturer's
instructions for specific current transformer ratio.

CAUTION: Do not open the meter circuit when the
power is on. :

(2) With system off, install the known calibrated
meter in series with the panel mounted meter.

(3) Operate the system on all brightness steps and

compare the meter readings. Meters should agree within
the manufacturer's specified tolerance.
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357. HIGH-INTENSITY APPRCACH LIGHTING.
SYSTEM GROUP LAMP REPLACEMENT.

a. Purpose. This procedure restores the ALS to its
eriginal brilliance and reduces the frequency of lamp failures
as a result of exceeding the lamp's rated life expectancy.

b. Procedure.

(1) Group lamp changes for 300W Q20A PAR-56 and
PAR-56/2 or 500W Q20A/PAR-56/1 and 56/3 lamps shall be
programmed after 400 hours of operation on brightness step
5. Care should be taken to replace all lamps in the system
before 450 hours of operation on step 3.

(2) Maintain an accurate record of flash tube
replacements to include the reading of the flasher clapsed
time meter, date of flash tube installation, and station number.
Replace flash tubes on an individual basis.

{(a) Elevated Flashers, Single Intensity. - Replace
flash tube after 500 hours of op_eratjon. '

(b) Flush/Frangible Flashers, Single Intensity.
Replace flash tubes after 1000 hours of operation.

(©) Elevated Three Intensity Flashers. Replace flash
tubes after 900 hours and before 950 hours of operation on
high brightness. o

(d) Other Flashers. If above steps are not applicable
to a specific system, follow manufacturer's flash tube
replacement schedule.

358. MEDIUM INTENSITY APPROACH LIGHTING
SYSTEM GROUP LAMP REPLACEMENT.

a. Purpose. This procedure restores the ALS to its
original brilliance and reduces the frequency of lamp
failures as a resull of exceeding the lamps rated life
expectancy.

b. Procedure,

(1) Withdrawn-CHG 2 &
(2) Group lamp replacement for all PAR-56 type
threshold lights shall be programmed after 400 hours of
operation on high brightness. Care should be taken to

change all PAR-56 type threshold lamps before 450 hours
of operation on high brightness. '

(3) Sequenced flasher lamps shall be replaced after
900 hours and before 950 hours of operation on high
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brightness, or in accordance with the manufacturer's
technical instruction manual,

359. ODALS/LDIN/REIL, GROUP LAMP REPLACE-
MENT,

a. Purpose. This procedure restores the system to its
original brilliance and reduces the frequency of lamp
failures as a result of exceeding the lamps rated life
expectancy.

b. Procedure.

(1) Replace all ODALS flash tubes after 500 hours of
operation on high brightness per manufacturer's instruction
book, TI 6850.47 ODALS Omnidirectional Approach
Lighting System.

(2) Replace all LDIN/REIL sequenced flasher lamps in
accordance with the manufacturer's technical instruction
manual,

(3) Replace ODREIL flash tubes per manufacturer’s
technical instruction manual.

360. ALSF-2 POWER TRANSFER OPERATION
CHECK.

a. Purpose, This check verifies ALSF-2 transfer
requirements for category I and III operating
conditions.

b. Procedure.

{1) Coordinate with air traffic control before beginning
tests. ' :

(2) Both power sources, commercial and standby
engine generator (E/G), must be available.

(3) Start the E/G and place the ALSF-2 load on the
E/G.

(4) Simulate a power failure to the E/G by loss of
fuel or other means, and determine if the power transier to
commercial source is made within the time specified in
chapter 3.

(a) If the transfer is not within tolerance, the E/G
transfer switch shall be checked in accordance with the
latest edition of Order 6980.11, Maintenance of Engine
Generators.

(b) To determine the transfer time.

1 Connect a recording oscilloscope to the output
(load side) of the E/G transfer switch.
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2 Start the E/G. Place the ALSF-2 load on
the EJ_G and select brigh_tness 2.

3 Simulate an engine failure by loss of fuel,
and measure the time when the voltage is below 90 percent
of the normal output. - This is accomplished by observing
the voltage trace and noting where the peak-to-peak
voltage decreases by 10 percent to the point where the load
is supplied by the commercial source.” '

361. VASIREGULATOR.

a. Purpose. This check verifies the proper oil fevel
required for cooling and insulation of the transfonners
within the VASI regulator.

b. Procedure.

(1) Visually 1nsp-ect the regu]ator tank and look for
signs of oil leaks.

(2) Observe the oil level indicator localed on the
side of the tank. The indicator should be approximately
in the center of the dial when the oil lemperature is 25°C
or 77°F. .

(3) To add oil or make repairs to the regulator refer
to the manufacturer s instructions. '

362. VASI AND PAPI GROUP LAMP REPLACE-
MENT.

a. Purpose. This procedure restores the system to its
original brilliance and reduces the frequency of lamp
failures as a result of exceedmg the lamps rated life

cxpecta_ncy

b. Procedure. Replace all PAPI and VASI lamps
after 2000 hours of operation on high brightness. Good
lamps removed at this time may be used for interim
repiacement of those which may have bIackened or failed.

363. VASI AND PAPI ANNUAL TASK.

a. Purpose, This task is to prevent the deterioration of
the equipment and increase system reliability.
b. Procedure.
(1) System Inspection.

(a) Visually inspect the power and control
assembly, and lamp housing assemblies (LHA's) for
excessive dirt or dust accumulation.
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(b) Inspect all feed-thru insulators, bushings,
lightning arrestors, etc., for chipped, cracked or broken

(¢) Clean or replace components as necessary,
(2) Wiring Inspection.

(a) Visually inspect the insulation for signs of
deterioration such as brittle, cracked, or damaged insulation.

(b) Check all terminal connections to ensure they
are tight and corrosion free

(3) Open-Type Rclay Inspectlon
(a) Visually inspect all open-type relays, for signs
of overheating, arcing, and pitted or burned contacts. Do
not atlempt to file or burnish bumed or pitted contacts.

() Inspect the armature for freedom of move-
ment.

(c) Repair or replace a relay as necessary.

(4) Oil Switch and Oil Fused Cutout Inspect:on @f
applicable).

(a) Visually inspect for oil seepage around bush-
ings or terminals. Repair as neccssary.

(b} Check oil level. Refer to manufacturer's
insu-uctions for procedure of checking and adding oil.

{¢) When adding 011 use recommended trans-
former oil.

(5) Fused Cutout Switch (Open Type) Inspection.

(a) Visnally inspect fuse contact and wiring
terminals for indications of heating (discoloration, loss of
fuse clip spring tension, burned insulation, etc.).

(b) Check fuses for proper type and size.

(c) Tighten all terminal connections.
364. REIL SAFETY DEVICES.

a. Purpose. This procedure insures reliable operation

of safety devices incorporated in the REIL system to help
prevent electrical shock.

Page 105



6850.5C
b. Procedure,

(1) Check interlocks for smooth and free operétion.
Refer to manufacturer’s instructions for location of interlocks.
Open cabinet doors and verify that the power is removed.

(2) Check flash capacitor bleeder circuit relay on
each lamp assembly for clean contacts and operation. Use
a hot stick to verify that the flash capacitors have been
discharged. :

365. OBSTRUCTION LIGHT CHECKS.

a. Purpose. These checks help prevent the deterioration
of the equipment and increase the system reliability.

b. Procedure,

(1) Load Contactor. Check the load contactor to
determine if the contacts are rated for the load connccted.
Look for pitted, burned, or misaligned contacts. Make certain
the armature moves freely and that the spring tension is
sufficient to pull the axmatmre away from the coﬂ ‘when deen-
ergized.

(2) Conduit. -Check all conduit for loose support. If
necessary, replace broken fastenings, Clear water {rap that
may be plugged with paint or dirt. Standmg water in conduit
will damage conductor insulation.

(3) Fuses, Switches, and Wiring. Note that the fuse
size is within the tolerance of not more than 200 percent of
rated load. The fuscholder must be tight, and the fuse must be
clean and not burned. Check the wiring for loose connections
and the insulation for breaks or fraying. Check switches for
loose, burned, or misaligned contacts. Replace items if

necessary.

(4) Telltale Circuit. Check the connections and the
contacts. Test the circuit to make certain the circuit is func-
tioning propely.

(5) Ground., Make cerain the ground connections are
tight and in good condition. Check ground resistance with &
reliable ground checker. Tt should measure 25 ohms or less.

366. OBSTRUCTION LIGHT/BEACON SCHEDULED
LAMP CHANGE TASKS.

a. Purpose. This procedure restores the lights to their
original brilliance and reduces the chance of lamp failure as a
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result of exceeding the lamp's rated life expectancy.

b. Procedure, The following shall be accomplished for
lamps requiring change at 80 percent of lamp life,

- {1) Lamp Replacement. Replace lamps when . the
burning time has attained 80 percent of the rated lamp life
according to tables 5-3 and 5-4. Make certain correct lamp is
installed. Allow the new lamp to burn a few minutes to make
certain the lamp is not defective,

(2) Lamp Voltage. Record the voltage measured at the
lamp socket when the lamp is changed. Compare the voltage
with its past record and resolve the discrepancies, See tables
5-3 and 5-4 and associated information,

(3) Clean the Optical System. DO NOT USE
strong caustic or abrasive cleaners. Fresnel lens surfaces
shall be cleaned and polished using an approved glass
cleaner. Dirt and dust shall be removed from the grooves.
A stenciling brush is especially good for this purpose.
Paint spots and streaks along 1he edge of the glass must be
removed.

(4) Clean Fixture, Using a brush or cloth, clean the
dirt and dust from fixture and open al} drain holes, Check the
condition of sockets. Look for burned or galled screw bases
and loose conductor connections and frayed or broken
insulation,

(5) Check Weatherproofing Seals. Adequate
weatherproofing is necessary for the protection of lights.
Renew all gaskets when cracked or deteriorated. Before
installing new gasket, thoroughly clean the gasket channel
to make the gasket scat properly. When it is necessary to
secure the gasket with rubber cement, coat both the gasket
and seat with approved cement and permit to dry until
tacky before the gasket is placed in position.

(6) Lightning Protection System. Check all connec-
tions for tightness and continuity. Check lightning arresters
for cracked or broken porcelain and missing mounting
brackets.

{7) Booster Transformer. Check the transformer's
input and output voltage to determine that it is functioning
correctly.

{8) Electrical contacts. Check the flasher and main
power contactor for dirty, burned or pitted contacts. Clean or
replace as required.
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Table 5-3. Recommended Y.amp Equipment

Light Over
Watt or Voltor Bulb Base Base Filament Center All Rated
Type of Service Lumen Ampere Medium Mogul Length Length Life
: ’ ) (Inches) {Inches) {Hours)
Beacon, 36-I0h urwamsesmsmssrssssinsiniions 1,000 : 30 voh T20 Bipost., . C-13 4 9-12 500
1,000 100/130 T20 | .. Bipost.. C13 4 2-1/2 1,600
Course light. _ . 500 100/300 T20 Bipost. | .. C-13B 3 7-1/2 500
Beacot, 24-In¢H v uwseamssisnninrnes 500 100/130 T-20 Bipodt., C-13B i | 7In 500
500 30 volt T-20 Bipost. | .. C-13B -3 712 500
Code bcacon, 300 mm, eleciric......] 620 100/130 PS40 Prefocus. C-7A 5-11/16 10-1/16 3,000
Obstruction light: .
Radio towers 200 feet and 67 1007130 A21 Screw.. Cco 27116 47718 3,000
less, antenna poles, other
"off-airport" obstructions.
Intermiediate levels on radio 116 100/130 A2l Screw.. c9 2-7/16 4716 6,000
towers above 200 feet, locali- .
zer, glide path, ASR, and ALS
{owers, other "an-airport"
obstructions,

Table 54. Recommended Lamp Equipment
(Multiple Circuits and Series Circuit)

Volts Average

Typical or Rated Lab. Approx. Specifications .
Service Watts Ampere Bulb Base Life (Hours) Lumens FA4 MIL
Double and 125 120V A2l Md. Pf. 6,000 1,220 L-7830
Single : .
Obstruction: Lights 116 120V A2l Md. Scr. 6,000 1,260 L-810 1-7830
Afrport Beacon Looo | 120v T20 Meg. Bip. 600 20500 | 291 ]
1,200 115V T-20 Mg Bip. - 750 27,500 i L-7158
Code Beacon . 700 120V P3-40 Mg Pf 6,000 11,200 L6273
620 120V P3-40 Mg Pf 3,000 11,200 446 L6273
‘Highntensity White _ 440V _ : ' _ L-856
Obstruction Lights 240V
C ' 120V
Series Circuit
Obstruction Lights ' 6.6 A A2l Md. Pf 2,000 1,020 L-810 L-7830

367.-419. RESERVED.
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Section 3. SPECIAL MAINTENANCE PROCEDURES

420. ALS SAFETY PRECAUTIONS.

a. Purpose. This paragraph provides extra safety
precautlons applicable to the ALS substations. These
precautions are not set forth in Order 6000. 15B

b. Precautions. In addition to the safety precautions set
forth in Order 6000.15B, extra precautions aré necessary
when servicing ALS substations. Maintenance technicians
responsible for ALS equipment should also be qualified for
maintenance of high voltage electrical systems.

CAUTION: Do not open any high voltage compartment
when the power is on.

(1) The metal-clad substation has been carefully
designed to protect personnel against accidental contact
with high voltage. Interlocked doors are provided so they
may be opened only after deenergizing the oil fuse cutouts
on Hevi-Duty regulators or the oil circuit breakers on
General Electric and Westinghouse equipment.

(2) Certain high voltage portions of the substation
cqmpmcnt such as the input pothead, lightning arrestors,
primary metering transformers, the control power dlstn-
bution transformer, and the input to the ganged oil fuse
cutouts or oil circuit breakers remain energized even when
the oil circuit breakers are opened.

(3) Power (120/240 V ac) is available through the
circuit breaker panel to operate lights, power tools and test
equipment.

(4) The entire substation can be deenergized only by
opening the main power pole-top disconnect switch, the
fuse cutouts, or the oil switch that supplies the high voltage
to the substation. See order 6950.18A regarding pole-top
switches.

(5) Before opening any high voltage compartment,
the main power pole-top or oil switch should be locked
open. Ifthe main power is disconnected with fuse cutouts,
the fuse cutout covers should be removed before working
in any high voltage compartment.

(6) Accessto certain high voltage compartments can
be gained only by removing bolted panels. Do not remove
any bolted panel until the entire substation has been
deenergized.

421. ALS OIL CIRCUIT BREAKER.
a, Purpose. The following paragraphs provide

guidance for preventive maintenance to the oil circuit
breaker linkage.

Page 108

b. Procedure.

(1) Before rcmovmg any panels or performing
maintenance on the oil circuit breaker (OCB) linkage, lock
open the incoming power to the substation.

(2) Remove the bolted subpanels that are located
within the OCE compartment that cover the OCB operat-
ing mechanismi: .

3 AppIy a thin film of oil to all bearing surfaces
and linkages. DO NOT over lubricate. Use care that no
oil gets on the breaker closing solenoid, breaker trip coils,
or associated plungers.

NOTE: In moist climates, the metal clad substation is
subject to moisture condensation on the metal surfaces.
This condensation contributes to the corrosion of the
OCB mechanism, relay armatures, contacts, ete. If
moisture condensation is a problem, it can be reduced
by continuous operation of the substation space
heaters.

422, MOVING COIL CONSTANT CURRENT
REGULATOR MAINTENANCE.

a. Purpose. This procedure provides general guidance
when performing maintenance to the moving coil constant
current regulator.

b. Procedure.
(1) General

(a) A regulator tank should be opened only if
necessary for maintenance.

(b) Open regulator tank only in clear, dry, and
calm weather,

(c) When using hand tools in and above the open
regulator tank, each tool should be cleaned and safety tied,
either to the technician’s hand or to the tank, to prevent
dropping the tool into the tank. No object, particularly
metal objects such as tools, and nuts and bolts, can be
allowed to remain in the tank. The magnetic field inside
the regulator tank will attract bits of metal into the moving
coil assembly and destroy it.

(2) Refer to the manufacturer’s instructions for
specific detanking and maintenance procedures.

(3) When a regulator tank is opened for main-
tenance, make a thorough mechanical and electrical
inspection of the moving coil regulator.
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(4) Check and tighten each terminal screw and lug.
(5) Tighten all bolts in the mechanical assembly.

(6) Check brightness contactors for wear and adjust
or replace as necessary.

(7} Replace cracked, torn, or hard tank gaskets.

(8) Check the insulating oil dielectric strength in
accordance with paragraph 343.

423, LOAD CURRENT ADJUSTMENT OF MOVING
COIL REGULATORS. '

a. Purpose. This paragraph provides general guidance
for adjusting the output current from a moving coil
constant current regulator.

b. Discussion, The output current from a moving coil
regulator is adjusted by the amount of weight added to or
removed from the moving coil. The moving coil provides

the maximum current, 20 amperes for brightness 5 and -

supplies the auto transformer that determines, by a
designed turns ratio, the level of the lower four steps.
When making an adjustment fo General Electric regula-
tors, add weight to increase current, and on Westinghouse
regulators, add weights to decrease current. Load current
adjustment procedures arc fully described in the manufac-
turer’s technical instruction manual. Regulator adjust-
ments are not normally required, however, to make an
adjustment to the constant current regulator, the following
general steps are required. -

c. Procedure.
(1) Remove all power to the substation.

(2) Open the regulator tank, and follow all precau-
tions required when opening a regulator tank.

(3) Lower the insulating oil level to provide access
to the adjustment weights.

(4) Add or remove weights as required. The
amount of weight required is determined by individual
regulator operation. Adjustment of the weights will effect
all brightness steps a proportionate amount,

(5) Add new insulating oil to bring the oil to the
proper level,

(6) Replace tank cover,

(7) Apply power to the substation and verify the
current levels,
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(8) If refinement in the current level is needed,
repeat the above process.

424, LOAD CURRENT ADJUSTMENT OF
SATURABLE REACTOR AND RESONANT NET-
WORK REGULATORS.

a. Purpose. This paragraph provides general
guidance for adjusting the output curreat from a
saturable reactor constant current regulator manufac-
tured by Hevi-Duty and directions for adjusting
resonant network regulators.

b. Discussion. The output current from a saturable
reactor regulator manufactured by Hevi-Duty is con-
trolled by the amount of direct current in the control
winding of the saturable reactor. All output current
adjustments are made external to the regulator tank.

c. Procedure. .
(1) Saturable Rcactbr Regulators.

(a) Refer to the manufacturer’s instructions
for specific adjustment procedures and componeat
identification.

(b) Make all output current adjustments by
adjusting the sliding taps on resistors located on each
of the regulator control panels.

{c) Each brightness step output current may
be adjusted individually, however, when making
adjustments, adjust brightness 5 first, as it will effect
all other adjustments.

(2) Resonant Network Regulator. Refer to the
manufacturer’s instruction for adjustment procedures.

425, INDUCTION YOLTAGE REGULATOR.

a. Purpose. This paragraph provides general
guidance for maintenance of induction voltage regula-
tors.

b. Procedure.

(1) Refer to the manufacturer’s instructions for
specific adjustment and maintenance procedures.

(2) Inspect the motor limit switches for correct
location and condition. The control motor travel is
extremely critical. The limit switches are required to
interrupt a highly inductive load, therefore requiring
frequent replaccment. The frequency of replacement will
be dictated by the location and operational conditions.
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(3) Record the voltage and current readings
specified in the instruction book. The tolerance of the
output voltage is much wider than for other types of
regulators because of the inertia in the motor-driven
assembly. It will be found that one set of voltage

values will be obtained when the reguiator is stepping
down, and another when stepping up. Record readings
when the regulator is stepping up.

426. FLASHER LAMP ASSEMBLY MAINTEN-

ANCE.

a. Purpose. This paragraph provides some addi-
tional safety requirements when performing flasher
lamp assembly maintenance, it also includes activities
to be performed on a periodic basis.

b. Safety Precautions.

(1) Do not look directly at an operating flasher
lamp; momentary blindness may be caused ‘by the
extremely bright light. For shop maintenance, a light
shicld is available for use with the Sylvania CD-2000
series and the General Electric CD-100 elevated lamp
assemblies. It is stocked at the FAA Logistics Center
(NSN 6210-00-538-5709).

(2) Beforc performing maintenance on the
flasher lamp assembly, remove power and use a hot
stick to discharge the flash capacators :

(3) Handle flash tubes only by the base. Do not
touch the tube with bare hands because oil from the

skin may cause hot spots, resultmg in early tube

failure.
¢. Procedure,

(1) Refer to the manufacturer’s instruction
marual for troubleshooting guide and maintenance
instructions.

(2) Check internal wiring and look for signs of
insulation deterioration.

(3) Check and tighten screw terminals on
terminal boards.

(4) Inspect lamp assembly components for signs
of overheating. Look for discoloration of components,
electrolyte leaking from flash capacitors, and burned
or pitted relay contacts, etc.

(5) Inspect the flasher reflector. If cleaning is

required, use a non abrasive cleaner-polish. Strong
alkaline cleaners should not be used.
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427, FLASHER MONITOR ADJUSTMENTS.

a. Purpose. This paragraph provides guidance in
verifying the operation and adjustment of the ALSF-1,
single-intensity flasher monitor and a reference for dual
mode systems.

b. Procedure.

(1) ALSF-1 Single Intensity Flasher System.

{a) Monitor operation. The failure of a flasher
will result in the dropout of a monitor relay in that unit
and it will connect a 22-kilohm resistor from the common
monitor line to ground. If two flashers have failed, two
22-kilohm resistors will be connected in parallel from the
common monitor line to ground, resulting in a monitor
line to ground resistance of 11 kilohms. Similarly, three
defective flashers will place three 22-kilohm resistors in
parallel for an approximate 7 kilohms from the monitor
Jine to ground. When the monitor is properly adjusted,
and the third flasher fails, sufficient current is applied to a
monitor relay on the master timer panel, causing it to
energize and turning off the monitor lights. '

(b) ALSF-1 Monitor Verification.

1 Disconnect, from the terminal board, the
common monitor line that connects the SFL units to the
master timer.

2 Connect an ohmmeter from the discon—
nected monitor line to ground.

3 With the SFL system off, the monitor line
resistance should be approximately 1.5 kilohms (22
kilohms divided by 15 SFL units).

4 Turn the SFL on and allow at least 1
minute for system to stabilize.

5 Verify that all lamps are flashing.

6 Ohmmeter should read infinity, If the
ohmmeter reads less than infinity, check for inoperative
SFL unit or grounded monitor line.

(¢) SFL Unit Verification.

1 With the ochmmeter connected to the
disconnected monitor line and with the SFL system on,
interrupt the timing signal sent from the master timer to
the individual lamp assemblies. Use plastic, paper, or
similar insulating material to open contacts,
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2 Check each of the SFL units in the system
and verify that, as each lamps timing pulse is interrupted,
that the monitor line to ground resistance is 22 kilohms.
The monitor hnc w1Il clcar when the txmmg pulse is
restored.

'3 After venﬁcatlon that each SFL units
monitor operates propcriy, rccormect the common
monitor line to thc master timer.

(d) Monitor Adjustment. The monitor should
be adjusted to indicate an alarm when three lamp units
fail. To make adjustments, proceed as follows.

1 Set the sensitivity selector switch on
position 3, '

2 Tuwrn the adjustable monitor sensitivity
resistor to maximum resistance (full clockvnsc)

3 Cause three flashers to fail by opening
three master timer contacts. (Use non-conductive
material to open contacts, wood, paper, plastic, etc.)

4 With three flashers disabled, turn the
sensitivity adjustment slowly toward less resistance
(counterclockwise} until the monitor relay operates. This
causes the green monitor lights on the local control panel
to go out.

5 Remove the insulating material from the
three master timer contacts. The green monitor lights
should come on, indicating normal .operation.

6 Verify operation by opening three master
timer contacts, one at a time. The monitor lights should
remain on (with two SFL units out) but still alarm with
three failures. Refine adjustmcnt if requlred to provide
proper monitor operation.

(2) Dual Mode Systems. Refer to the manufac-
turer’s technmical instruction manual for monitor
vcriﬁcation and adjustmcnt procedures

428, ALSF 'I'EMPORARY TWO REGULATOR OPER-
ATION

a, Purpose. Tlus procedure prov:des guidance when,'

at the discretion of the sector manager, it is desirable to
operate an ALSF system on two regulators.

b. Procedure. This procedure is applicable to the
three-phase ALS substations equipped with three 50 kW
constant current regulators. When a regulator is out of
service for maintenance or repair, emergency opera-
tion of the full approach light system is possible on the
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remaining two regulators. An ALSF-1 may normally be
operated at the desired brightness level, an ALSF-2 may
have to operate at something less than full brightness.

(1) Determine the rated wattage load of the series
toop connected to the defective regulator. Add to the
wattage load of the series loop of one of the remaining
good regulators, If the total of the two does not exceed 50
kW, both series loops can be operated in SERIES and fed
from one regulator, without brightness restrictions, If the
combined load is over 50 kW (ALSF-2), one reguiator can
supply two series loops, but at a reduced brightness.

CAUTION: Before performing any of the work
described beloW, ALL power to the ALS substation
shall be removed by disconnecting the incoming
2400/4160 volt power to the substation. Ground all
exposed terminals before handling.

(2) Disconnect the incbming 2400-volt supply
feeder from the defectwe regulator and msulatc the free
end. :

(3) If the system has power-factor correcting
capacitors that are external to the regulator, isolate the
capacitor from the disconnected phase. The capacitor
can be isolated either by removing the capacitor fuse or
removing the phase lead from the capacitor.

(4) Disconnect the low-voltage controls for the
regulator that is out of service.

(5) Disable the monitor and protective circuits
from the disabled regulator, if required. Refer to.the
manufacturer’s instruction manual for the specific details.

(6) Disconnect the series loop from cither the
defective regulator output terminals or at the high voltage
output cabinet. Refer to manufacturer’s instruction
manual for the specific terminal identification.

(7) Reconnect this loop in SERIES with the loop
connected to the selected operable regulator. To do this,
remove one lead from the operable regulator. Connect
one lead (just removed from the defective regulator) to
the selected operable regulator. Splice together the other
two leads and insulate splice for 5000 volts.

(8) Reconnect the 2400/4160-volt service to the
substation. Energize system and check operation on each
brightness level. Make sure that the regulator ontput does
not exceed 50 kW.

(9) Check all monitors for proper operation,
readjust if required.
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429. EMERGENCY VASI4 TO VASI-2 OPERATION.

a. Purpose. This prmédurc provides guidance on how
a VASI-4 system may be operated as a VASI-2 system.

b. Procedure.

(1) A VASI-4 maybe operated as a VASI-2 pending
repairs and/or electrical service restoral, providing the
following conditions are met. '

(a) The system is otherwise certifiable.

(b) Weekly checks are performed to ensure
proper glide path angle if the temporary VASI-2 is operat-
ing without tilt switches. The results of these checks shall
be noted in the Facility Maintenance Log, FAA for 6030-1.

(c) Alocal Notice to Airman (NOTAM) is issued
to advise users that a partial VASI system is temporarily in
operation pending repair/restoral.

(2) Refer to manufacturer’s instruction book for

specific temporary changes required to isolate the unused
portion of the system. ' S

430. SERIES LOOP CUTOUTS.

a. Purpose. This procedure provides instructions for
the use and maintenance of series loop cutout plugs.

b, Procedure.

(1) With system off, remove the series cutout plug.
Due to oxidation of the contact making surface, the cutout
is sometimes difficult to remove. To prevent chipping or
breaking the porcelain when a porcelain cutout is removed,
pull the cutout straight out with a minimum of rocking
motion. -

(2) When the cutout plug is removed, lubricate the

contact making surface with a thin film of conductive
lubricant to ensure safe and reliable future removal of the

plug.
431. TIME SWITCHES.

a. Purpose. This paragraph provides general guidance
for the maintenance and adjustment of the sauter time
switch.

b. Pfocedure.

(1) Maintenance,

(a) Check relays for pitted or burned contacts.
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(b) Inspect time switch motor brushes and
armature. . ] .

. .o : A

1. 1If needed, clean commutator with a soft
cloth dampened with solvent and wipe dry. Commutator
arcing may be caused by sticking brushes or brushhoider
arms, improper tension of brushes, grease on the com-
mutator, or high mica. To remedy these conditions, dress
the commutator with fine sandpaper and, if necessary,
undercut the mica. Be careful to not damage the insula-
tion on the armature windings. The final burnishing
should be done with crocus doth.

2 Inspect the brushes for excessive wear. If
necessary, install new brushes. They must be properly
scated with at least 85 percent contact. Check brush
tension; it should be 1 1/2 to 2 ounces. Check the free
movement of the brushes in the brush holders. Check the
end play of the motor. Use fiber spacers equally
distributed between the front and rear bearings to obtain
proper end play. :

(¢} Clean and lubricate all moving parts in
accordance with manufacturer’s instructions.

(d) Use an appropriate vacuum-tube tester on
questionable vacuum tubes. Replace tubes with the proper

type.

(¢) Check input voltage at the master switch and
record reading. Verify that the voltage is within tolerance.

() Check motor and gear bearings for excessive
wear by attempting to move shaft. Check gears for
excessive backlash. ' '

(g) Check the flexible leads to the mercury switch
by looking for broken strands and frayed insulation. Check
electrical connections for tightness and replace any wiring
showing signs of deterioration, Make certain the leads do
not interfere with the operation of the switch.

(k) Check motor lubrication. The time switch
motor bearings require very little lubrication. Give those
equipped with grease cups an amount equal to one-half
turn of the grease cup every 6 months. On motors not
provided with grease cups, the bearings are packed with
grease and should require lubrication annually. White
vaseline is the approved lubricant. S

(i) Properly dress the contact faces of the master
switch contacts and polish them with No. 0000 sandpaper.
Also, polish auxiliary contacts with nonabrasive cleaner,
and adjust as necessary. If the auxiliary contact arm
tension becomes weakened, increase the pressure by
slightly bending the arms to ensure good electrical contact.
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() Inspect the mercury switch operation and, if
necessary, bend the tube support arm slightly to obtam
proper makc—and-brcak posntions :

'(2) Adjustment. To correct the minute dlal setting,
rotate the dial or arm clockwise. A counterclockwise
correction may damage the clock movement. If the
movement i$ gaining or losing time, adjustment should be
made accordingly. Advance or retard the regulator only
one-fourth of a graduation on the regulator scale each time
an adjustment is made. Continue this procedure, if
necessary, over a period of several visits until the clock
keeps correct time. Each graduation of the scale equals
approximately 3 minutes in 24 hours

(3) Sauter Time Switch Calibration. On the periphery

of the dial of the Sauter time switch are five marks, each
intervening space representing 15 minutes. The center
mark corresponds to 12:00 noon at each time meridian.
Some dials can be advanced or retarded 1 full hour, others

only one-half hour. This is g’oveme’d by thé'length of the -

elongated holes in the “dial face. " If the time switch is
Iocated on a standard meridian, no compensating adJust-
ment of time differential is requlrcd To set the time
switch at other locations, remove the dial from the time
switch. Turn the dial sprocket wheel from the current date
to March 21, which is the vernal equinox date when sunrise
occurs in all latitudes within the continental United States
at approximately 6:30 a.m. and sunset at 6:12 p.m.; local
standard time. (Autumnal equinox date is September 23,
when sunrise occurs at approximately 5:49 a.m., and sunset
at 5:56 p.m.) “Loosen the two screws on the face of the
dial. Shift the dial face clockwise 26 minutes, using as a
starting point the center mark on the periphery of the dial.
(If the site is located east of the standard meridian, shift
the ‘dial face counterclockwise the required amount.)
After this adjustment is made, tighten the screws and
replace the dial. The dial switch mechanism, which is
composed of trip-on and trip-off pins; and the toggle
switch must be accurately adjusted so that its operation
synchronizes with the exact time indicated on the dial by
the time pointer. The ON and OFF pin adjustment scale
is graduated into 15-minute divisions. The center mark on
the trip-on pin slot is for 15 minutes after sunset, there-
fore, this pin must be moved to the right two notches in
order to start the lighted aid 15 minutés before sunset.

The center mark on the trip-off pin slot is for 30 minutes -

before sunrise, therefore, this pin must be moved to the
left three notches in order to ‘stop:the operation of the
lighted aid 15 minutes after sunrise,  The toggle switch,
operated by the trip-on and trip-off pins, shall be located
as near center as possible. This can be determined by the
distance from the fastening screws to the edge of the
toggle switch base plate. The time pointer shall also be
located in the center of the switch. Turn the dial to the
right; the toggle switch should operate completely when
the time pointer is directly over the center of the ON and
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OFF pinhead. If it moves past the pointer before the
switch operates, or if the switch operates before the pin is
centered directly under the time pointer, loosen the screws
and slide the switch assembly right or left until the correct
position is obtained for each cycle of operation. After
making the foregoing adjustments, the dial should be
turned by hand to a point just before the switch functions;
then, let the clock complete the operation in order to
check the exact time the switch functions. After the
adjustment of toggle switches and dial has been made
correctly, turn the date sprocket wheel back to the current
date, and set the dial to the required correct standard time.

432,  PHOTOELECTRIC OR LIGHT SENSITIVE
CONTROLS '

a. Purpose This paragraph provides general guldance
for the maintenance and adjustment of the Weston,
Hughey and Phil}ips, and Crouse Hinds control units. .

b. Procedure
(1) Weston Controls

(a) Chcck the cIectncal circuits and relays for
signs of deterioration and repau' as needed to maintain
reliability,

(b) Clean the photocell glass cover. In order to
obtain maximum efficiency in the operation of the sensitive
turn-on and turn-off relays, thoroughly clean the photoceldl
cover glass upon each visit to the site. Dust and dirt
reduce the electrical energy penerated by the photocell.

(c) Examine photocell for indications of moisture.
If any condensation, or trace thereof, is noted inside the
cover glass, examine the unit for leaks. Install a new
gasket if necessary. Maintain a good coat of paint on the
housing and connections to aid in keeping moisture out.

(d) If it becomes necessary to return the photo-
cell unit or the control cabinet for exchange or repair,
return both units in order to have the calibration of the
sensitive relay accuratcly checked and adjusted to the
photocell.

(e) Clean and adjust the ON and OFF relays.
These relays, in both the model nos. 609 and 709 control
cabinets, are very delicate instruments and must be
handled accordingly. ' Move the contacts up and down
lengthwise, paralie]l with the actuating arm, to avoid forcing
the points out of alignment. Adjustment of the stationary
contacts should be very slight and carefully performed so
that the small binding wire located to the rear of the
adjustmg screw is not broken or loosened. Take precau-
tions to keep dust out of these relays when the covers are
remaoved.

Page 113



6850.5C

(f) Clean contacts U and W in the no. 630 relay
with a nonabrasive material such as chalk, jewelers rouge,
etc. Clean the face of the magnetic contactor with a soft,
lint-free cloth. Where no provisions are made for the
adjustment of the contact points, the arms may be bent
sliphtly to increase the tension.

(g) Visually inspect the heatmg clemcnt in relay
no. 613. Because of the constant heat applied to the
bimetallicheat element, look for infermittent open circuits,
broken insulation, or loose solder connections at the rear
of the relay.

(h) Check and clean the 110-volt motor switch
contacts in the model no. 709 control cabinet upon each
visit to the site. If the motor stops before it has completed
its one-half revolution on the cam, the trouble is likely the

motor switch contacts. Visually observe the make-and- -

break of the mercury contacts while the control equipment
is put through its cycle of operation. If necessary, bend the
tube support arms slightly to obtain a positive make-and-
break. Adjust and secure the mercury tube leads so that
the operation of the contact is in no way impaired by the
improper position of the leads. On the mercury contacts
of the model no. 709 control device, it may be necessary to
increase or decrease the spring tension so that the contact
assumes its correct position at the termination of each
respective cycle of operation.

(2) Hughey and Phillips Control. .

{a) System Oﬁerétion Check. Apply pow.er.to the
lighting control. Refer to figure 5-14, and observe the
following opcratzonal scquence.

1 All obstruction lights and the beacon lamps
should burn continuously for 30 to 60 seconds, until the
filament of time-delay tube K-202 has heated.

2 When K-202is cnergizé& poWer is fcmovcd
from the coil of K-201, and the beacon should start to
Hash.

3 After approximately 30 seconds, al} ]ights
should go off if the illumination level is higher than 58
foot-candles.

4 The photoelectric unit is factory adjusted to
turn the tower lights on at an illumination level of 35
footcandles +2. A light meter and some means of
reducing the Hlumination stnkmg the phototubc should be
used to test the ON-OFF pomts

(b) On—OffAdjustment. The following procedure
should be followed if adjustment of the photoelectric
control is necessary. Use a light meter to measure the
light intensity at the location of the phototube,
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NOTE: With the time-delay circuit, it is necessary that
the controls be moved slowly in order to insure that
operation of the units is at the desired level. As a
recheck, change the light level falling on the phototube
in small increments and determine the. pomt at whlch
the light control operates. o

: 1 Rotatc ON control (R-106) all the way
counterclockwise. . _

2 Set .illum'matidn level at rémotc photo.tub'e
to approximately 35 foot-canidies . . .

3 Rotate ON control (R-106) clockwisc
SLOWLY until the fight comes on.

4 Set illumination level at phototube to

approximately 58 foot-candles.

5 -Rotate OFF control (R-107) clockwise
SLOWLY until the lights go off. There is some interaction
between ON and OFF controls and steps (2) through (5
sbould be repeated to insure accurate settings.

(3) Crouse Hinds Control.

(aj Oberational Check of Flasher Unit. App'ly.
power lo the control unit and verify the followmg opera-.

tional sequence

NOTE: Proper_ operation of the unit will be achieved
in approximately 30 seconds after first application of
power, allowing the tubes of the photoelectric control
time to heat up. . During daylight, operation can be
tested by excluding light from the phototube or discon-
necting temporarily one wire of the separate phototube
circuit at connection U. See figure 5-15.

1 Proper Operétion of the photoelectric unit
will close relay K7. : :

2 Proper connection and operatlon of the
tower hghts causes the armatures of relays K1, K2, K4, and
K8, to close, opening their alarm circuits.

: 3 Duririg ashort pcriod of warm up, contactor
K3 closes even though the flasher is operating properly.

. 4 A time span of 30 to 60 seconds is necessary
for the heating of thermal relay K4 and release of its
contact circuit, which in turn opens K3, restoring normal
operation to the beacon circuit. :

5 Test the fail-safe feature by stopping .thc..

flasher and manually operating switches SW1 and SW3 to
the OFF position. This actuates the flasher fail-safe
feature, causing relay K3 to close. .
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Figure 5-14. Wiring Diagram, Hughey and Phillips
Model LC-261 Tower Lighting Control Unit
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Figure 5-15. Wiring Diagram, Crouse Hinds
No. 47079 Tower Lighting Control Unit
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(b) Adjustment of Lamp Failure Relays. The
FL-2350 relay (single-lamp type) is used to indicate lamp
failure of only one lamp of the type FCB-12 beacon. The
FL-4554 relay (two-lamp type) is used to indicate failure
of one or both lamps of the FCB-12 beacon. The relays
close a pilot light circuit when a lamp fails. These relays
have been adjusted at the factory for proper operation, but
due to local variations of supply voltage and different
lengths of line between beacon and relay, slight adjustment
of the relay after installation may be necessary. The
procedure outlined below should be followed for proper
adjustment.

1 In the normal condition with the beacon
lamps burning, if the relay remains open or closes and
opens on each cycle of the flasher, then it may be assumed
that the relay tension springs are too tight and should be
loosened. Releasing the spring tension by turning the
adjusting nut of each spring one turn counterclockwise
should be sufficient. Avoid too much loosening of the
spring tension. .

2 For the warning signal condition when a
beacon lamp has failed, the relay assumes the open
position and remains open, lighting the pilot light. If this
is not the case with the FL-4554 relay, it is apparent that
the current drawn by the one remaining beacon lamp is
sufficient to close the relay against its spring tension, and
that the spring tension is insufficient. Increase the tension

by turning the adjusting nut of each spring in the clockwise -

direction until the relay does remain open. Avoid too
much tightening as this holds the relay open with both
beacon lamps in the normal condition.

(c) Adjustment of Control Unit. The adjustment
of the control unit is accomplished through the use of the
potentiometer in the cathode circuit of the 117P7GT. This
control allows compensation of variations in supply
voltage, mounting and sensitivity in supply voltage, mount-
ing and sensitivity of the phototube, and variation normally
encountered in component values and tubes. This poten-
tiometer adjusts the operating range of the amplifier plate
current to the desired value and should be set by using a
footcandle meter while varying the light intensity. Make
all adjustments with covers in place and the phototube in
its proper position to prevent the introduction of uncom-
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pensated variations between the normal and test condi-
tions. Adjust the control to turn on the tower lights when
the light intensity falls below 35foot-candies, and off when
the intensity is above approximately 57 foot-candies. The
manufacturer states this should occur when the poten-
tiometer is set on position 8. Due to variation in
components, this exact ratio may not be obtainable. If this
occurs, make the turn-on adjustment to 35 foot-candles
{(+2), allowing the turn-off value to be random above or
below the nominal 58 foot<candles. If radical variations
occur, all components should be checked against the
manufacturer’s specifications to determine and correct the
cause. (See figure 5-16) The photoelectric control
governs the operation of the flasher unit, or it may be used
to operate lamp loads up to 400 watts on smaller towers
without flashing. When a separate flasher unit is used, the
photoclectric control operates the load contactor K-7 in
the flasher cabinet to supply all circuits of the flasher.

(d) Flasher Unit. The flasher unit is operated by an
electric-motor-driven cam, which controls the operation of
mercury switches that supply the power to the tower lights
and operate the fail-safe feature. The details of this
mercury switch operation are adequately covered in the
manufacturer’s instruction booklet. Itis important to note,
however, the fail-safe feature of this unit. This consists of
a thermal relay K-4 which, when the lights are flashing
properly, maintains its contacts open in the circuit to the
coil of bypass relay K-3. When the flasher circuit fails, K-3
operates to bypass the flasher switches and energize the
tower lights continuously. Monitor relays K-1 and K-2 in
the flasher provide an alarm circuit if the code beacon
lamps fail. Operation of the relays is primarily dependent
on the load current to the lamps flowing through the series
coil of the relay. A multiple coil is also used across the
circuit to the lamps to hold the alarm circuit open during
the off period of the lamp flashes. Separate relays with
series type (current operated) coils are used to monitor the
load currents to the steady-burning side lights of the
towers. These relays are designed to sense the decrease in
current in the side lamp circuit from the failure of one
lamp. Each relay is designed to monitor the circuits to two
100-, 107-, or 111-watt lamps in parallel. Test the monitor
circuits by interrupting power to the lamps, stopping the
flasker motor, or interrupting power to the flasher or
control units. - T
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ELECTRONIC COMPONENT LIST

44870 PHOTOELECTRIC 44871 PHOTOELECTRIC
CONTROL CONTROL

R1 100 OHMS SWATT R7 - 1.0MEGOHMS 12 WATT

R2 €680 OHMS 1 WATT R8 10 MEGOHMS 1 WATT

R3 1780 OHMS S5WATT

R4 1000 OHMS 5 WATT SAME AS 44870 OTHERWISE

RS 220 OHMS 1 WATT

R6 250 OHMS VARIABLE NOTE: THE 117P7GT TUBE USED

R? 4.7 MEGOHMS 1/2 WATT WITH THE 44870 UNIT IS OBSOLETE.

R8 22MEGOHMS 1 WATT AN ACCEPTABLE REPLACEMENT IS

c1 20-20 MICROFARADS - THE 117L7M7GT. THIS REQUIRES

c2 0.02 MICROFARADS REWIRING THE TUBE SOCKET BY
MOVING THE WIRE ON PIN 6 TO PIN

RELAY, 5000-OHM COIL 8, THEWIREONPINTTOPING
: {LEAVE THE HEATER CONNECTED),
AND THE WIRE ON PIN 8 TO PIN 1.

: SENSITIVE
7:2 ?3\j RELAY
-0
1 4

TWO-WIRE SERVICE
SOLID NEUTRAL
SWITCH HOT LINE ONLY
CAPACITY - 3500 WATTS

CUSTOMERS' WIRING SHOWN
IN HEAVY LINES

3 VOLTAGE BETWEEN N AND
RECEPTACLE P1 MUST NOT EXCEED 125V

Figure 5-16. Wiring Diagram, Crouse Hinds
Nos. 44870 and 44871 Photoelectric Controls
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433. ROTATING BEACONS.

a. Purpose. This procedure provides maintenance
guidance and adjustment procedures for rotating beacon
equipment.

b. Procedure,
(1) Lamp Removal.

(a) The lamp receptacles for airway beacons are
of the fixed bipost type with one fixed and ore floating
block. Each block has a wing-head clamping screw.
Before removing the lamp, loosen the wing-head screws
sufficiently so that the terminals do not bind when the
lamp is removed. This will prevent possibly breaking the

glass.

(b) Lamp Replacement. When replacing the
lamp, always tighten the screws in the solid block first, then
in the floating blocks. This climinates the possibility of
cramping the bipost, which results in a broken lamp.
When the No. 1 lamp in the beacon is to be renewed,
remove the No. 2 lamp from its socket and install it the
No. 1 position. Insert the new replacement lamp in the

No. 2 position. Tighten the wing screws by hand; never use -

pliers or a wreach.

(c) Testing. Test the new lamp that has been
placed in the No. 2 changer position by tripping lamp
changer so that the No. 2 lamp is in the burning position
and illuminated for S minutes. This ensures that the lamp
is not defective,

(2} 1Lamp Changer.

(a) Clean Contacts. = The main contacts
(mechanical) located under the lamp changer table shall
be kept clean and polished.

(b) Adjust Main Contacts. If necessary, adjust
the mercury tube holder so that a positive contact is
obtained in both the no. 1 and no. 2 positions. This can be
accomplished by bending the tubeholders the required
distance so that the mercury is level at both positions.
Make certain the mercury tube leads do not interfere with
the operation of the lampchanger.

. -(c) Free Movement. Check the movable parts of
the lamp changer for sluggish operation. If the operation
is sluggish, disassemble the movable parts, clean them with
crocus cloth, apply dry graphite to the cleaned surfaces
and reassemble. Before attempting any adjustment on the
spring tension, be sure the lamp changer operates freely.

CAUTION:  Never use petroleum-based or liquid

. lubricants on moving parts since the high temperatures
in the drum will cause evaporation, leaving a gummy
residue.,
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(d) Spring Tension. If the lamp changer opera-
tion is free and the tension insufficient, the tilting or
rotating spring should be adjusted so that the lamp chan-
ger table will operate with sufficient force to lock in the
no. 2 position. DO NOT SET THE SPRING TOO
TIGHT. This rotates or tilts the lamp changer with such
force that the lamp filament will be damaged and the
lamp life considerably shortened. It may also place too
much tension on the locking device so that it will not
release under the impact of the tripping plunger. When
measuring spring tension on the tilting table changer,
place a thin piece of paper between the pawl and the
pawl-lock in the latching device. Hook the spring scale
directly to the operating arm or table next to the lamp-
changer spring. Adjust the spring tension so that the
paper will be released under a 7- to 8-ounce direct pull
applied to the spring scale. Sec figure 5-17.

(e) Latching Device. Due to frequent opera-
tion, the notch in the pawl in the no. 1 position of the
lampchanger becomes worn and ‘rounded o a point
where an involuntary tripping may occur due to vibration.
With a file, square off the notch and smooth the face and
edges with emery cloth.

(f) Coils and Leads. Inspect the coils and leads
for damage due to sun reflection. Check all leads for
tightness and abrasions. Repair or renew areas where

necessary.

(g) Shunt-Coil Plunger. Check the shunt-coil
plunger operation and adjust it to proper length, if neces-
sary.

) Leads. Make certain the various leads are
adjusted and fastened so that they do not interfere with
the lamp changer operation.

(i) Testing. Test the lamp changer operation by
simulating lamp failure at each visit to the site. To ac-
complish this, remove the single wire from the terminal
of the no. 1 lamp socket. Close the circuit to the lamp
changer and observe operation. It should be adjusted so
that the table will tilt or rotate to the spare position with
sufficient force to lock positively. = - '

(3) Brushes and Collector Rings. To prevent
severe arcing, properly seat the brushes to fit the radius
of the collector ring and set to lead or trail at an angle of
5° to 10° and have sufficient spring tension. At least 85
percent of the brush surface areas shall make contact.
New brushes can be seated properly by inserting a piece
of light-grade sandpaper toward brush, pulling the
sandpaper through past the brush in one direction only.
Then, carefully lift the brush and repeat action. The one
direction is the one that causes the brush to assume the
position in the brush-holder as when it is powered an¢
operating. ~ Figure 5-17 shows the method for seating
brushes and gauging the tension. '
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(a) Brush Guides. The brushholder shall be
kept clean so that the brushes and springs are operating
freely in the guides. A sticking brush will arc and damage
the commutator or collecting ring. If brush guides are
badly worn, due to side friction of the brush, instail
new brush gu:dcs Brushes should fit snugly in guides.
Brushes should fit snugly in the brush guides without
binding. Caution should be exercised when rcplacmg
gmdes s0 as to not reverse them.

THIN PIECE OF PAPER

3/27/85

(b) Collector Ring Cleaning. Collector rings
must be kept clean and free from arcing. A suitable
way of cleaning collector rings is to remove collector
ring brushes and run beacon motor oaly. - While the
beacon is rotating, hold a piece of crocus cloth,
treated with a few drops of light oil, against the
collector rings. Wipe collector rings with clean cloth
and replace collector brushes when finished (figure 5-
17).

Figure 5-17. Beacon Cellector Ring and Brushes

(4) Clutch. The slip-clutch is designed to protect the
motor and gears from damage if the drum is not free to
rotate. The tension on all beacon clutches shall be in foot
pounds drag on the clutch plate. The drag, foot pounds, is
the amount of force required to overcome the friction of
the clutch plate when it is 1 foot from the center of the
clutch shaft.

(a) To check the clutch-p!atc adjustment, the
scafc should be attached horizontally 1 foot out from the
center of the beacon shaft. (See figure 5-18.) The clutch
tolerance should be adjusted to conform to standards and
tolerances. (paragraph 136)

: (b) Adjustment Mcthod One. For beacon in
which the collector ring support is also the clutch adjusting
device, disconnect and remove brush-holder support plate
and collector ring asscmbly to expose the coIlcclor ring

support.
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1 Cleaning Before Assembling. If the clutch
washer is badly worn, renew and clean all parts thoroughly.
Before assembling the clutch, inspect the wire lugs for
tightness; replace lugs if necessary. Tape and shellac wire
and terminal lugs. Clean ﬂat portion of terminal lug for
good contact.

2 Assembly and Adjustment. -Align the
adjusting device with holes in the shaft. Insert the set-
screws and tighten unit so that the adjusting device is

securely locked. Reassemble the remammg parts and see
that all fastemngs are tightened.

() Adjustment Method Two. For beacons where
the clutch is adjusted by a plate under the ring gear,
remove the bexagon capscrews located on the top of the
ring gear and turn the adjusting plate in the direction
necessary for loosening or tightening the clutch. After
adjustment is made, replace capscrews.
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Figure 5-18. Measuring Clutch Tension

(d) Adjustment Method Three. For beacons
where clutch is adjusted by large hexagon nut over clutch
plate, remove setscrews from this hexagon nut and adjust
clutch by tightening or loosening the nut. After clutch
adjustment, line up holes .in hexagon nut and shaft.
Replace set screws and tighten them securely.

(5) Beacon Drum. Clean the interior of the
beacon drum each time the facility is serviced. The
interior of the drums and housings shall be painted flat
black. Paint the focusing cross marks white so that they
can be seen when observed through the focusing peep-
hole. ' S ' S e

(6) C-Clamp Screws. The C-clamp screws on the
cover glass doors and the latching nutscrew on the code
beacon shall be kept clean and free from paint so that a
uniform pressure will be applied to the gasket without
tools. ‘ : : Lot

(7) Optical System. The optical system is the most
important factor affecting the projection of the light
beam. The intensity of the light beam is considerably
reduced when the reflecting surface and lenses are not
kept clean. For detailed information on focusing, see
paragraph 434. o

(a) Reflector. Reflecting surfaces shall be
cleaned and polished with approved glass polish. Do not
use abrasive cleaners. When reflecting surfaces show
evidence of discoloration, peeling, and cracking, or other-
wise damaged condition, replace the reflector.
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(b) Cover Glass. Thoroughly clean cover glass
surfaces and remove paint spots and paint streaks along
the edge of the glass.

(8) Worm and Ring Gear Alignment. There are
various types of gear combinations required for longer
life and quicter operation in the rotating mechanism of
the various types of airway beacons: i.e., bronze worm
gear for use with micarta ring gear, etc.  Adjust the
alignment of the motor worm gear with the beacon ring
gear as follows to prevent excessive wear ‘and noisy
operation. . . S Co

~ {a) Adjust the vertical alignment of the worm
gear with the ring gear by either adding or removing
shims between the motor base and the bosses in the
beacon base. '

(b} There should be adequate clearance
between the worm gear and the ring gear around the
entire perimeter of the ring gear to ensure freedom of
movement, o T R o

(c) A fairly close check of the alignment can be
obtained by removing ail grease from a few sections of
the ring gear. The area so cleaned should be approxi-
mately 2 inches in length, and the sections should be
spaced about 45° apart. Rotate the motor shaft by hand
and observe closely the imprint left by the worm gear on
the cleaned sections of the ring gear. Raise or lower the
motor until the imprint of the worm gear is equally
distributed over the gear face on the ring-gear.
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(d) Keep the collar and nut that secure the worm
gear to the motor shaft tightened so that no backlash or
play will occur at this point.

(9) Fuses. Fuses shall be checked for good electrical
connections in their receptacles, and for correct fusing of
circuits. There shall be no fuses in the neutral or ground
circuits. All circuits shall be fused according to Order
6950.18A, Maintenance of Electrical Distribution Systems.
Clean receptacles and fuse body with abrasive cloth to
ensure a good electrical contact. Check renewable fuses
for loose component parts.

(10) Lightning Protection Systems. Check lightning
rod connections for tightness. Check the ground resis-
tance. Refer to Order 6950.18A, Maintenance of
Electrical Distribution Systems.

(11) Padlocks. Padlocks shall be lubricated with dry
graphite powder or equivalent.

(12) Switches. Check operation of electrical switch
blades and the clips for good contact. Switches should
have tension between the blades and hinges, but must also
be free to move. Loose fitting hinges or clips will cause
overheating and deterioration of the switch parts. Severe
overheating can usually be detected by a bluish color of
the switch part affected. L C

(13) Weatherproofing and Gaskets, Good weather-
proofing for the protection of light sources and
mechanisms is a necessity. Poor, leaky, improperly seated
gaskets will permit moisture, dirt, and insects to enter the
units, resulting in the premature failure of equipment.
When caulking material is cracked and dry and allows
water leaks, replace it. Gaskets shall be renewed when
cracked and deteriorated. Before installing new gaskets,
clean the gasket channels and seats thoroughly. When it
is necessary to secure the gaskets with rubber cement, both
the gasket and the seat should be coated with appropriate
cement and permitted to dry until tacky before the gasket
is positioned. '

(14) Beacon Leveling. Check the level of the beacon
by placing a level on the leveling boss. Remove all paint or
other material to assure a true level. Loosen holddown
bolts and insert or remove spacers as required for proper
level. Check the level of the beacon in four directions, Be
sure to tighten down the base.

(15) -Motor Servicing.

(a) Brushes. On brush-type motors, remove
brushes and, if worn to one-third of the original length,
install new brushes, When replacing brushes, make sure
the brush is properly seated. Before installing new
brushes, make certain the collector ring surface is polished

Pagé 122

3/27/95

and free of grooves. On dc motors, be especially careful of
seating to make certain the brush has.a minimum of 85
percent surface contact. Check the under cut for pro-
truding mica and carbon deposits.

(b) End-Play. Adjust excessive end-play as
follows:

1 Todetermine the proper tolerance on a ball-
bearing motor, tighten the thrust bearing adjustment until
a slight drag is felt when the motor shaft is rotated by
hand. Then back up the thrust bearing adjustment one-
quarter to one-half of a turn.

2 On sleeve-bearing motors, it is necessary to
bold a small measuring scale against the motor housing
adjacent to the drive shaft (worm gear end). Scribe a line
on the drive shaft and adjust the end-play of the shaft to
one sixty-fourth of an inch.

(c) Cleaning. The interior of the beacon drive
motor housing will accumulate carbon dust and grease,
requiring periodic dismantling and cleaning. When
cleaning, special attention shall be given to the starting
switch, brush holders, and bearings for proper operation.
Adjust, clean, and renew unit if necessary.

"(d) Noisy Motor. If the motor is noisy, check ball
bearings, raceways, and balance of armature. Usually, a
chipped ball bearing or scored raceway is the cause. Ball
bearings should be cleaned in a solvent to remove old,
hardened grease, and should be repacked with proper
grease. When repacking ball bearings, the bearing should
be filled to no more than one-half its capacity. Clean and
polish commutator of collector rings. If necessary, under-
cut the mica, clean it with paper, and finish by polishing it
with crocus cloth. When motor is reassembled, care
should be exercised in alignment of the end bells.
Improper alignment of the end bells can affect both the

ir gap between the armature and field poles and bearing
alignment. Sl

(¢) Lubrication. The oil groove on sleeve-type
motors shall be cleaned to permit the oil to flow freely
around the motor shaft. Examine the oil wick to deter-
mine if it will absorb oil. Wash wick in solvent or replace
if necessary. '

(16) Wiring, Electrical Connections, and Conduit.

(a) Wiring. Inspect for abrasions, breaks, and
loose connections. Repair or renew wiring when
necessary. All repair patches shall be covered with
suitable insulating cement. Check the position of the
wiring and, if necessary, reposition to maintain neat
appearance, Verify that wiring is not being caught by
cabinet doors and covers. : :
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(b) Terminal Lugs. Check terminal lugs for tight
electrical connection. The insulation should be wrapped
at the terminal lugs with a good plastic tape (no. 88 Scotch
brand). The completed job should then be covered with
insulating cement. The flat portion of the lug should be
cleaned and free of cotrosion so that good electrical
contact is maintained. Check for and replace cracked or
broken insulators and bushings.

{(c) Conduit. Inspect conduit for loose supports
and connections. Replace broken brackets.

(17) Beacon Bearings. The main beacon bearing
requires little attention and should be greased only when
needed. DO NOT OVER GREASE. If a water leak
develops, completely dismantle the beacon and install new
felt and grease and water retainers.

(18) Grounds and Ground Connections. For
information on grounding, see Order 6950.18A, Main-
tenance of Electrical Distribution Systems.

(19) T and G Cabinets. The interior and exterior of
T and G cabinets should be kept clean and well painted

to prevent deterioration. Door hinges and latching devices
should be lubricated. Check the fit of the door on the

gaskets or seals. Repair areas if necessary.
434. ROTATING BEACON LAMPING.

a. Purpose. This procedure restores the beacons to
their original brilliance and increases the reliability by
replacing lamps and properly focusing the replacement
lamps.

b. Procedure.

(1) Refer to lamp charts, tables 5-3 and 5-4. Lamps
should be changed after 80 percent of the rated lamp life
has elapsed and before 90 percent of its rated life has
expired . Verify that the new lamp is the correct size and

type.

(2) Focus and Aim Rotating Beacons, 24-inch,
Single-End, and Duplex. The procedure for adjusting the
lamp filament into proper focus with the reflecting surface
(mirror) involves several steps of operation which, once
established, will reduce future focusing procedures
considerably.

(a) The lamp filameat image must be in the exact
center of the parabolic reflector, and the filament shall be
the correct distance from the reflecting surface. Due to
considerable variations in the parabolic mirrors, the focal
length (distance from filament to reflecting surface) will
vary with cach beacon.
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(b) In order to obtain the correct center of the
reflector, it is necessary to use a focusing gauge and a
presenter gauge for bipost lamps.

(¢) First remove both lamps. Then insert the
bipost presenter in no. 1 lamp socket. Then by use of the
focusing gauge properly mounted on the reflector, adjust
the mounting plate of the lamp changer by manipulating
the thumbscrews so that the tip of the presenter accurately
meets the tip of the focusing gauge.

(d) The lamp sockets, as adjusted, must bring the
lamp filament, when reinstalled in a vertical plane, parallel
to the reflector.

(e) Mark with a dot of black paint not excceding
one-fourth inch in diameter, the center point of the
reflector (the point at which the focusing gauge strikes the
reflector). Remove the gauge and reinstall the no. 1lamp.

(f) Project the beam on a screen (ground or
surroundings) at a distance of not less than 200 feet away
from the source of light. Loosen the two machine screws
holding the lamp changer to the boss at the base of the
drum. The entire lamp changer should then be moved in
or out (away from or toward the reflector) as found
necessary to obtain the sharpest image of the lamp
filament on the screen. The filameat shadows may
sometimes be seen better if the entire drum is moved
(jiggled) back and forth horizontally.

(g) After locating the filament shadows, it will be
observed that they are less distinct and scattered when the
lamp is either too close or too far away from the reflector.
Gently move the Jamp changer until the lamp filament
shadows coincide. At this point, the image is the sharpest
and the lamp is in perfect focus. Tighten the two machine
screws, holding the lamp changer in place.

(h) Remove the no. 1 lamp and insert the
presenter which will permit a correct readjustment of the
targets, which should be reset and painted to align with the
no. 1 lamp filament. The distance from the presenter tip
of lamp filament to the reflector (focal length) should be
carefully measured and recorded for future reference,
especially for those beacons not equipped with focusing
sights and targets.

(i) The measurement will vary slightly on each
reflector, Therefore, the recorded focal length of each
reflector will be of considerable value if the lamp changer
position is disturbed during service and repairs to the
changer unit,

(3) Refer to the manufacturers instruction manual
for additional lamp replacement instructions and specific
adjustment procedures.
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Appendix 1
APPENDIX 1. CERTIFICATION REQUIREMENTS
- Table 1. ALSF-1 SYSTEMS
Reference Paragraph
Service Certification Parameter STDS and TOL/Limits
1. Light plane Light bar lamps illuminated 7la(l)
2. Light intensity Vertical angular alignment 72, 78g
Horizontal angular alignment 73
Regulator output currents 74
3. Brightness control capability Brightness step changing time 76a
4. Identify threshold Green threshoeld bar filters 71a(3), 77
5. Identify 100 feet from Red wing bar filters T1a{4), 77
threshold
6. Identify 200 feet from Red terminating bar filters T1a(5), 77
threshold
7. Identify 1000 feet from 1000-foot bar 71a(6)
threshold
8. Identify approach path Sequenced flashing lights operation 78a
Flashing rate 8¢
9. Visibility Obstructions 80
10. Menitoring Incandescent light operation 81a(1)
Flasher operation 81a(2)

NORMAL CERTIFICATION INTERVAL: Quarterly.

MAXIMUM CERTIFICATION INTERVAL: 120 days.

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: ALSF-1 certified.

PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted navigational aid
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Appendix 1
~Table 2. ALSF-2 SYSTEMS
_ Reference Paragraph
Service Certification Parameter STDS and TOL/Limits
1. Light plane Light bar lamps illuminated 7ib(1), (2)
3@
2. Light intensity Vertical angular alignment . 72, 78g
Horizental angular alignment 73
Regulator output currents 74
3. Brightness conirol capability Brightness step changing time 76a
4. Identify threshold Green threshold bar filters - TIB(5), 77
5. Identify 500 feet from 500-foot bar 715(6)
threshold
6. Identify area from threshold Red side-row bar filters 77
to 1000 foot bar
7. Identify 1000 feet from 1000-foot bar 71b(7)
threshold
8. Identify approach path Sequenced flashing lights operation 78b
Flashing rate 78e
9. Visibility Obstructions 80
10. Monitoring Incandescent light operation 81b(1)
Flasher operation 81b(2)

NORMAL CERTIFICATION INTERVAL: Quarterly.

MAXIMUM CERTIFICATION INTERVAL: 120 days.

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: ALSF-2 certified. . .

PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted navigational aid.
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Table 3. ALSF-2/SSALR DUAL SYSTEMS
Reference Paragraph
Service Certification Parameter STDS and TOL/Limits
1. Light plane Light bar lamps illuminated 71b(1), (2), (3),
{(4), 7lc
2. Light intensity Vertical angular alignment 72,78g
Horizontal angular aligniment 73
Regulator output currents 74
3. Brightness control capability Brightness step changing time 76a
4. Identify threshold Green threshold bar filters 7I6(5), 71e(3), 77
5. Identify 500 feet from 500-foot bar 716(6)
threshold
6. Identify area from threshold Red side-row bar filters 77
to 1000 foot bar
7. Identify 1000 feet from 1000-foot bar TB(7), 71c(4)
threshold
8. Identify approach path Sequenced flashing lights operation T8¢
Flashing rate T8e
9. Visibility Obstructions 80
10. Monitoring Incandescent light operation 8lc, and instruction book

Flasher operation

81c, and instruction book

NORMAL CERTIFICATION INTERVAL: Quarterly.

MAXIMUM CERTIFICATION INTERVAL: 120 days.

PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted navigational aid.
CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: ALSF-2/SSALR certified.

CERTIFICATION ENTRY (WITH EXCEPTION)

IN FACILITY MAINTENANCE LOG: ALSF-2/SSALR certified except;

s

ALSF-2 Out of Tolerance/Limit

Flasher Out of Tolerance/Limit

Monitor Out of Tolerance/Limit :
Light Bar (Number) Out of Tolerance/Limit
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Table 4. SSALS, SSALF, AND SSALR SYSTEMS
Reference Paragraph
Service Certification Parameter STDS and TOL/Limits
1. Light plane Light bar lamps illuminated Tle
2. Light intensity Vertical angular alignment 72, 78g
Horizontal angular alignment 73
Regulator output currents 74
3. Brightness control capability Brightness step changing'time 76a
4. Jdentify threshold Green threshold bar filters 71e(3), 77
5. Identify 1000 feet from 1000-foot bar 7le(4)
threshold
6. Identify approach path Sequenced flashing lights operation 78d
Flashing rate 8e
7. Visibility Obstrictions 80

NORMAL CERTIFICATION INTERVAL: Quarterly.

MAXIMUM CERTIFICATION INTERVAL: 120 days,

PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted navigational aid

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: 8SALS, SSALF, SSALR certified.
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Table 5. MALS, MALSF, AND MALSR SYSTEMS

Reference Paragraph

Service Certification Parameter STDS and TOL/Limits
" 1. Light plane Light bar lamps illuminated 7lc

2, Light intensity Vertical angular alignment 72, 78g
Horizontal angular alignment 73
Light unit input voltape 75

3. Identify threshold Green threshold bar filters where 71e(3), 77
applicable

4. {dentify 1000 feef from 1000-foot bar T1c(4)

threshold

5. Identify approach path Sequenced flashing lights operation 78d
Flashing rate 78e

6. Visibility Obstructions 80

7. Remote control capability a. Ground-lo-ground conlrol 79

functions

b. Air-to-ground controt functions 79
c. Landline control functions 79

NORMAL CERTIFICATION INTERVAL: Quarterly.
MAXIMUM CERTIFICATION INTERVAL: 150 days.
PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted navigational aid

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: MALS, MALSF, or MALSR certified.
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Appendix 1
Table 6, ODALS AND LDIN SYSTEMS
Reference Paragraph
Service Certification Parameter - STDS and TOL/Limits
1. Guidance to runway Lamps operational 33a
2. Light intensity Angular alignment {vertical and . 83b
horizontal)
3. Flashing light ' Flashing rate 83c¢
4, Visibility Obstructions 83e
5. Remote control capability a. Ground-to-ground 79
contro! functions
b. Air-to-ground _ : 79
contro! functions
¢. Landline control 79

functions

NORMAL CERTIFICATION INTERVAL: Quarterly.
MAXIMUM CERTIFICATION INTERVAL: 150 days.
PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at lighted LDIN or ODALS.

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: LDIN or ODALS certified.
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Table 7. VASI SYSTEMS
Reference Paragraph
Service Certification Parameter ’ STDS and TOL/Limits
1. Visible glide siope Vertical angular alignment 91,92
Red filters 103
2. Light intensity Light box lamps illuminated 96
Regulator output currents 100, 101
3. Visibility Obstructions 104
5. Remote control capability a. Ground-to-ground 79
contro] functions
b. Air-to-ground - 79
control functions
¢. Landline control 79
functions

NORMAL CERTIFICATION INTERVAL: Quarterly.
MAXIMUM CERTIFICATION INTERVAL: 150 days.
PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at VASE

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: VASI certified,
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Table 8. PAPI SYSTEMS

3127195

functions

Reference Paragraph
Service Certification Parameter STDS and TOL/Limits
1. Visible glide slope Vertical angular alignment 93
Red filters 163
2. Light intensity Light box lamps illuminated 90
Regulator outpul currents 101
3. Visibility Obstructions 104
4. Remote control a. Ground-to-ground 79
capability control functions
b. Air-to-ground 79
control functions
¢. Landline control 79

NORMAL CERTIFICATION INTERVAL: Quarterly.
MAXIMUM CERTIFICATION INTERVAL: 150 days.
PERSON RESPONSIBLE FOR CERTIFICATION: Maintenance person at PAPI.

CERTIFICATION ENTRY IN FACILITY MAINTENANCE LOG: PAPI certified.
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APPENDIX 2. METRIC CONVERSIONS

Unit
Millimeter
Centimeter
Meter
Kilometer
Inch
Foot
Yard
Mile

Nautical Mile

Table 1. METRIC CONVERSION TABLE

Abbreviation

mm
cm
m
km

in

yd
mi

nmi

Approximate eguivalent
0.039 inch

0.3%9 inch

39,37 inches/3.28 feet
0.62 mile

2.54 centimeter

0.3048 meter

0.9144 meter

1069 meters

1852 meters

6850.5C
Appendix 2
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