
U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

AL 6520.2A 

Alaskan Region 

October  26,  1998 

SUBJ: Maintenance Concept for Self-Sustained Outlets (SSO) 

1. PURPOSE. This order prescribes the Alaskan Region maintenance concept for self-sustained outlets (SSO) within the 
region. 

2. DISTRIBUTION. This supplement is distributed to the branch level in the Ahway Facilities Division and to all 
Airway Facilities Division field offices and facilities. 

' \ 

3. CANCELATION. Order AL 6520.2, dated November 30,1987, is canceled. 

4. BACKGROUND. The Alaskan Region SSOs are regionally procured and designed single-frequency, air-ground 
communications outlets. They are placed at sites that are not served by commercial power and telephone utilities. Power 
provided by expendable batteries often with s o h  recharging capability. Communication is provided by a dedicated radio 
link to the controlling Air Traffic facility., #a 

5. FUNCTION. This type of facility was established for the express purpose of providing air-ground communications 
between air traffic control specialists and pilots in remote, uncovered areas. This allows the delivery of en route clearance 
and acknowledgement of instrument flight rules, cancellations, or departureflanding times. As a secondary function, it ma 
be used for advisory purposes whenever the aircraft is below coverage of the primary air-ground frequency. 

6. DESCRIPTION. An SSO facility consists of a shelter, a suitcase radio package which contains a UHF repeater or 
UHF link/repeater and a VHF air-ground radio, a battery power supply and other alternative energy sources, and antennas 
the remote location. There may also be a solar power system for recharging batteries at high site locations. The base static 
consists of a shelter, main and hot-standby link equipment, iink antenna, and a maintenance panel, 

7. FACILITY TYPE. An air-ground facility which does not meet the description of Order 6580.5, Maintenance of 
R ote Communications Facilities (RCF) shall be entered into the Facilities, Services, and Equipment Profile (FSEP) as 
SeLustained Outlet (SSO). 

8. FACILITY RESTORATION. The base level of restoration of an SSO shall be A1 as defined in Order 6030.31E, 
Restoration of Operational Facilities, unless a different level iriustifid 

9. PERIODIC MAINTENANCE. Electronic periodic maintenance will be accomplished on an annual basis except in 
the case of helicopter access only sites. These shall only be visited for optimization at times of reported problems, and site 
optimization visits should o thwise  coincide withhefore anticipated battery failure (approximately 2 year intervals) and 
occur as scheduled during good weather times of the year. 

a, Inspect the batteries in the heater and radio battery banks. Battery replacement should be scheduled during . 
the summer. This will minimize exposure of personnel to extreme hazards present during the winter months. 

b. When the SSO radio communications link terminal (RCLT) equipment is located in FAA-owned facilities 
and collocated with equipment requiring periodic maintenance, preventive maintenance of the RCLT will be performed. 

Distribution: A-X-(AF)3; FAF-O(Std) Initiated By: AAL-472 
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c. Appendix 1 to this Order addresses the requirements of the newer generation Mark 111 SSO utilizing 
Daniels Electronics, LTD, radio equipment. This document was approved for use in the Alaskan Region by Configuration 
Control Decision (CCD) F18295 dated 1/16/96. Standards and tolerances for the equipment shall be as indicated in appendix 
A, or in Order 6580.5 as applicable. 

d. Scheduling and documentation of maintenance activities shall be noted in the Simplified Automated 
Logging (SAL) system for the facility. 

e. Environmental periodic maintenance will consist of a visual inspection of the remote facility each time the 
technician visits the facility. The inspection will include, as a minimum, the following: 

(1)  Check to see the shelter is free of water or snow. 

(2) Perform an overall visual inspection of the shelter's exterior tie-down points and exterior walls. 

(3 Examine antennas and transmissio'n lines and other ancillary equipment to verify mechanical 
security. 

, 

(4) Check battery voltages and check solar-charging equipment for proper operation. 

( 5 )  Check propane fuel level at sites with thermoelectric generators. 

(6)  Perform OSHA safety inspections. 
" 

10. CERTIFICATION. On scheduled site visits SSO type facilities will be ceLified by the ATSS performing 
equipment checks. A "SSO certified" entry will be placed in the appropriate maintenance log with facility identification 
indicated. Service certification will be accomplished in accordance with the appropriate Control Facility Handbook. 

11. CORRECTIVE MAINTENANCE. In Outage situations, the inoperative raze s u i c i ~  p a e k a g e - s h d e  
exchanged for the functional spare and the failed unit repaired. Restoration procedures will be in accordance with 
appropriate handbooks, directives, and Regional policy letters. 

f', 

Wd ennis \Powell 
Manager, Airway Facilities Division, AAL400 
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FOREWORD 

) In 1994, the Mark 111 Self Sustaining Outlet (SSO) was developed by the Electronics Scrtioo,Aixway 
Facilities Division, of the Alaskan Region FAA. SSOs have 6 x n  &ed by the Alaskan Region sin4 
the 1960s to provide VHF &ground radio communications fiom' Flight Service Stations. By locating 
radio outlets on mountain tops, FAA is able to cover a large service volume, and sometimes cover 
mountain passes that could not be reached by conventional Remote Controlled Outlets (RCOs). 

The Mark I11 SSO represents an advance over its predecessor, thc Mark II. The Mark 111 minimizes the 
number of maintenance trips made to' the SSO site by using solar power and ruggedized reliable radio 

. . 
equipment. . . . . .. . ..... . .  . . .  .. .. ' . . .  

. . . . .  . . "  . . . . . .  . This 'instruction book ii  intended t i  be used. both as a hkntenan~e guide 'and as an engine&ng guide 
for the establishment of working SSOs. 
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LL Introduction. - This instruction book provides installation, checkout, operation, engineering, 
maintenance information for the Mark I n  SSO ( Self Sustained Outlet ). The Mark III SSO system 
distributed among three sites: the high site, the base station and the control point. 

.I) 
a) The high site components comprise a high site shelter, air-grogd and link radios, antennas, an RF 

I 

equipment case, batteries, solar panels, and DC power regulator. 

b) The .base station components comprise a link radio, and antenna, an RF body panel, a duplexer, a 
leased line and circuit control equipment. 

: .  

C) The control point, typically an ~utdmitted Flight Skwice statioh (AFSS), interfaces an Integrated 
Communications Switching System (ICSS), via a four-wire leased circuit, to the base station. 

Table 1-1 lists the site locations, unit designations, and nomenclature of all major components of the 
Mark I11 SSO. The unit relationships are shown in figure 1-1 

( LOCATION ( DESIGNATION ( DESCRIPTION I 
1 I 

High site ( Unit 0 I High site shelter 
I 

( Unit 1 
I 

( RF equipment case I 

Base 

Control 

Unit 1A 

Unit 1A 

Unit IC 

Unit 2 

BAIT 1 
n. -1  
n ~ l l  r: 

Unit 3A 

Unit 4A 

Unit 3B 

Unit 4B 

Unit 5A 
T'I-II c n  
U ~ I L  JD 

Unit SC 

Unit SD 

Table 1-1. Mark 

Radio repeater 

Duplexer 

RF body p a d  

DC power regulator 

Left battery string 

Right battery h g  

Solar array 1 junction box 

Solar array 2 junction box 

Solar array 1 

Solar array 2 

Radio link 
n.--~ uup~cncr 

RF body panel 

Control shelf 

Circuit control equipment 

III SSO Unit nomenclature. 
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F i p  1 - 1. Mark ID SSO block diagram. 

L2L - The purpose of the Mark III SSO is to provide VHF air-ground communication 
between aircraft pilots and Flight S m i c e  Specialists at an Automated Flight Station. The purpose of thc . 

equipment at the sites is described below. Refa to figure 1-1 for the relationships among equipment 
components. 

1.2.1.1 - The high site equipment, typically locatcd on a mountain top, provides VHF radio 
communications to and fiom aircraft and communicates those conversations to the base station. 

- The base station is typically located at the base of the mountain where line-of- 
sight visibility to the high site and common carrier telecommunicatiom are available. The base station 
communicates with the high site via a UHF radio link and to the control station via a 4-wire l e d  or 
cable circuit. 

-- The control site equipment, typically located at an AFSS, communicates to the 
base. station via leased cirmit and allows the Flight Service Specialist to converse with pilots. 
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1.2.2- 
. . - See drawings listed in table 2. 

. . 

I ( RF equipment case layout 
I 

I ALD-000-761.006 I 

LOCATION 

High site 

I I 1 

I Wiring diagram, RF equipment case 1 ALD-000-764.006 1 
I .  I 1 . 1 Wiring diagram, DC power regulator ( ALD-000-764.008 

TITLE 

Equipment layout 

I t ( Layout, solar array junction Box 
I 

I ALD-000-764.009 

DRAWING NUMBER 

ALD-000-761.005 

I I Functional diagram, DC power regulator ( ALD-000-764.011 I 
I I ( Layout,.DC power regulator . . ..I ALD-000-764.010 . . . 

I 

I 

I ( Functional diagram, SSO 
I 

( ALD-000-764.012 . . 

. . 

I 

( Wiring diagram, high site 
1 

( ALD-000-764.013 I 
I 

I ( Shelter grounding diagram 
1 I ALD-000-764.015 

1 t I Functional diagram, RCO control . I ALD-000-764.0 16 
I 

( Power supply cable I ALD-000-767.005 

L 

Base Cabling diagram, base station ALD-000-767.007 

Table 1-2. List of drawings. 

1.2.2.1 - The high site equipment consists of a shelter, solar array, power supply, RF 
equipment case, antenna system monitoring system, and grounding system. 

t.2.2.1.1 Shelter. - The shelter which houses the RF equipmetlt case, power supply, and antenna system, 
is a commercially built cylindrical fiber glass building with a 7 A. diameter at the base. The building 
weighs 1500 Ib. and is provided with lifting eyes for delivery to the high site by helicopter. It is usually 
painted green to blend in with the surrounding landscape. 

Battrries. - Two banks of nickel-cadmium batteries supplies 12 Volt power to the RF 
equipment case. 

1.2.2.1.3 - Two solar arrays, each consisting of four panels, recharge the batteries on a 
ycarly cycle. 

1.2.2.1.4 J 2 2 g u h x .  - 'Ike DC power regulator integrates the batteries, solar arrays, controls, 
gauges, and sensors in one enclosure. 

; 1.2.2.1.5 - The The equipment case is 
radio repeater, RF bodies, and duplexcr. The case is 
replacement with a maintenance spare when appropriate. 

an air-tight plastic enclosure which houses the 
connectorized to permit quick removal and 
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- The base site relays communications between the high site and the servicing AFSS. 
J . - -  

will typically be located near'the site the Mark I11 SSO is serving, such as the airport, &d ; 
to leased circuits and commercial power are available. The base site will be preferably in 

the line of site to the high site. 

Line - The base link radio, duplexa, RF body panel, antenna, and control I 

equipment serve to interface the high site radio transmissions to the leared Cwire'circuh 

1.2.2.3 -. - Circuit control equipment passes audio signals to and from the controlling 
station and the base station in addition the equipment actuates the dry Push-To-Talk contacts on the base 
station radios. The Mark I11 SS0,circuit is ultimately terminated . . at the ICSS.. . .  . . . . . .  _ . . . . . . . . . .  . - . .  . . . .  . .' . - . . 

. . . . . . . . . .  . . . .  . . . . 
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I I 
. . I 1 Open circuit voltage ' . ( 24 Volts 

Solarex MSX-60 

8 solar panels 

I 

I ( Shon circuit current 
I 1 30 Amps 
I I 

Saft-Nife SUN- I04 1 Voltage: nominal )12VoltsDC , . 

Maximum power generated 

Max. Charging current 

480 WaUs 

29 Amps 

1 

1 I ( A% VSWR 
I 

( 1 3 1  

Voltage: float @ -20 C (10 cells combined) . 
, . . . . . .  . . . . .  . .  . 

Voltagei floai @ +40 C (10 cells combined).' 

Combined capacity: 8 Hr discharge . 

Quantity 

Daniels MT-3 repeater 

I 

t I N G  impedance 
I 1 5"hm 

. 17 Volts DC . . 
- . .  

IS Volts DC ' 

2 170 AmpHours + 

20 

I 

I I N G  Sensitivity 1 -1 19 dBm 

A/G Emission designator 

A/G Pown 

I I 

1 1 AIG Modulation 1 Amplitude modulation 

6KOOA3E 

2 Watts 

I 1 1 N G  hqucncy control 
I 

1 -1 
I I 1 Link emission designator 

I 
I 16KOF3E 
I 

t I Link power 
I 

12Wltts  
I t I Link. V S W  

I 

1 1 3 1  
I I I Link impedance 

I 
I 50 Ohm 
I 1. 1 Link Sensitivity 

I 

1 -1 16 dBm 
I 

( Link Modulation 
1 

1 Frequency modulation 
I 

I I Link frequency control 
I 

I n y d  

Omnidirectional 

Unity 

7 element Yagi 

10 dBi 

120 mA 

L I 

Table 1-3. Equipment specification data, 

Sinclair SRL3OS antenna 

Sinclair SRL2 18 antenna 

Ty~e 
Gain 

TYPC 

Gain 

Total dram cumnt 
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gSimDlifiedthearv Of See figure 1-1 for block diagram for Mark IXI SSO. 

2.1.1 - The Mark 111 SSO represents one more RF relay in between the pilot and the 
Flight Service Specialist. When the pilot brings up the correct AM camer the Mark III SSO AM I 

receiver will break squelch and retransmit the signal to the .base. The receiver at the base will send the 
audio signal through 'the leased circuit to the AFSS. If the flight service specialist operates thi push-to- 
talk, a sigoal in the circuit control -equipment will send a PTT signal parallel with the voice through the 
circuit, The circuit cbntrol equipment at the base station will close the dry PTT contacts of the radioand 
terminate 600 R voice to the radio transrnifter.. The link-relays the voice$gnal to the highsite where it . , 

. . . . .- . . . . . . . . . .  .: . . . . is again retrans&tted over the 'M3 radio. .' 

3 1.2 power - The high site is completely self sufficient and kquires no additional power 
inputs. Although the system is nominally a I2 Volt system, float voltages due to the nature of the solar 
panels and NiCad batteries will go as high as 17 volts. Constant power is supplied to the load by the 
batteries. The batteries am charged on an annual cycle by the solar panels. For 5 months during the 
winter the batteries can support the load without input fiom the solar panels. 

2 7  1 e q a  case. - The RF equipment case, designated unit 1, contains the MT-3 radio 
ter, duplexer, and RF body panel. It is located inside the high site shelter. & Eouinmcnt - The R.F equipment case is a sturdy, transportable, double entry case supplied . 

by Hadigg Industries. Antenna and power cable connections are made on an exterior panel on thc case; 
the case may be installed at the site and be made operational without ever opening the case on-site. 
Desiccant inside the air tight RF equipment case will insure that the electronics will remain dry, Frost 
fiee, and fiee of dust, fungus, and other contaminants. The case shell is composed of composite 
materials that will perform at temperatures of -40°F to 140°F. The double-sided, aluminum, 19" relay 
rack is shock mounted inside the case for shock and vibration resistance for a 3040 pound load; access 
to either side of the relay rack is possible through securely fastened lids. The dead space between the 
relay rack and case shell circulate air to reduce excessive hot or cold spots. Outside case dimensions arc 
25" deep by 27" wide by 2 1" high. 

2.2.1.2 m-3 mountain - The radio repeater used by the Mark III SSO is the Daniels 
Electronics LTD. MT-3 mountain top radio repeater system. These radios werc specifically designed for 
mountain top repeater use. These radios have the added fixture of stationary i n d d  use. These 
features include relay rack chassis, modular design, construction made with high reliability, oversized, 
military type components, and an open architecture that allows co~ectoriztd auxss to audio circuits, 
push-to-talk, muting, CTCSS tone and other circuits. Transmitters and receivm are built into separate 
modules that connect into a common backplane. A separate Audio Control Card automatically makes all 
cross-connects between transmitters and receivers and also contain the CTCSS tone encodcr/d&crs. 

e System Monitor modules accesses or makes all important test points, and includes an audio monitor, 
peration this device consumes only a negligible amount of current. Faulty modules may be syappcd 

th good modules. Transmitters and receivers come in a wide variety of options for fkqucncy, VHF , P 
and UHF, and power, 3 to 30 Watts; many combitions are possible. For more infomation, 
specifications, or schematics, consult the Danicb technical manual. 
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2.2.1.3 MT-3 configurations. - A typical Mark Ill SSO MT-3 configuration will include, on channel B, - 

a VHF or UHF air-to-ground AM radio receiver and transmitter pair. The '~ransmitl~eceive (TR) relay 
is located inside the Status Monitor module and is acti-~ated by the audio control card. The link ra 
will fill -channel A. A 3 Watt UHF FM transmitter receiver pair will work best when 
(LOS) is feasible between the Mark III SSO and its controlling base station. 

I 

2.2.1.4_ Radio - The AIG radios are half duplex because by convention there is: only one 
fkquency available per channel. Therefore AIG radios require a T/R. relay to operate between the 
transmitter and receiver. The T/R relay is located in the system Monitor cassette of the MT-3 radio 
repeater. 

. . . . . .  , . 
. . . . .  . . .  , . . . . . . . . . .  

ZZ~T. -..The link'iadiopath is a full duplex.oier&n,. thai is the link' radios may 
simultan=and receive. Full duplex operation is made possible with separate transmit and 
receive frequencies and a Sinclair duplexer, a cavity filter that isolates incoming 'md outgoing signals to 
the antenna The duplexer is temperature compensated and will not detune. If the A/G recciver cannot 
quiet, or is hung-up, the controller can force the AIG transmitter on by simply keying the radio; this will 
usually quiet the receiver. A specific and unique subaudible tone (CTCSS) is injected into the link 
canier on both ends of the link, if this tone is not present in the carrier the UHF receiver will not squelch' 
thu preventing coincidental UHF carriers on the same fiequencies to interrupt flight service operations. 

22.1.6 m. - The antennas selected for the Mark I11 SSO include a unity gain, ornni'directional 
antenna for the AIG radio. The radiating elements of this antenna are directed downward at an angle to 
skew the main lobe slightly downward. The effect of this is to maximize coverage by keeping the main 
lobe down on the distant horizon; or, conversely, to keep the +ir traffic in the center of the main lobe 
The link radio antennas are 7 element directional Yagis. Both antennas are products of Sinclair Rad 
Laboratories Incorporated. 

2.2.2.1 DC Dower renulator. - The DC power regulator is the apparatus case that ties together the load, 
batteries, and solar panels. Two switching shunt regulators work in parallel to charge a common battery 
supply. As the battery supply reaches full charge the regulators will short circuit the solar panels cutting 
the voltage to the batteries off, a forward biased diode in the regulators prevents battery discharge. 
When charging the regulators place 111 solar panel voltage to the batteries, charging voltage is a 
function of available sunlight but can go as high as 18 Volts. Power supplied is 12 Volts DC, nominal. 

2.2.2.1.1 L w  Protection. - Lightning protection is provided by Polyphascr. Two Polyphasers are 
used, one for each solar array. These canisters arc equipped with a network of passive elements and dual 
50 Ampere breakers. The gas tubes short to ground at about 22 Volts insuring repeatable performance; 
the slow acting breakers will trip in the much larger and aggravated faults. The breakers arc not 
repeatable and must be reset manually. 

2.2.2.1.2 Voltaee - The ASC-16s are solid-state , negative ground, switching shunt 
regulators, housed in an anodized aluminum chassis and encapsulated in a hard epoxy resin. Two 
voltage regulators working independently fiom each other supply current h m  their respective solar 
arrays to a common battery bank, When charging the batteries the controllers connect the 
the solar arrays. The controllers short circuit the solar panels when the batteries have reached a 
charge. Diodes protect the batteries from discharging-during this phase of operation. 
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w Vo- - The two ASC-16 solar controller also posses the Low Voltage 
0nnect.s (LVD). When battery voltage drops below 10 Volts the LVD relay coil &-energizes and 
onnects the load from the supply bus. Both LVDs are tied in parallel, therefore both LVDs must r" 

each release the load in order to disconnect the load h m  the battery. Disconnecting the load from the 
i 

dangerously low charged batteries will save the batteries &om ruin. Once the batteries reach 12 Volts, 
fiom charging, the LVD relay coils re-energize and reconnect the load. I 

ma, - The load meter measures current directly to the load. This meter snaps directly 
to the tenninal block raiIing in the center of the DC power regulator. The meter is supplied by Texmate. 

2.2.2.1.5 &h C1- - The high current meters is switchable' and may measure current 
generated h m  both controllen a n d  measures current going into each. battery string. Current is 
measured fiom a 0.01 Ohm current sensing,resistor, a (-40)-300 milliVolt sense from each sensor will 
correspond to (-4)-30 Amperes on the meter. This meter snaps directly to the terminal block railing in 
the center of the DC power regulator. The meter is supplied by Texmate. 

22.2.1.6 - The five current sensors an 0.01 Ohm , 1% tolerance, 10 Watt rating, wire 
wound, type RN resistors with aluminum chassidheat sinks. In each case one end of the resister is tied 
to ground. A voltage is read fiom the high potential side. These resister are'not expected to realize more 
that 2.5 Watts. 

23 7 7 Satteries. - Batteries are S&-Nifc Nickel-Cadmium (NiCad) model SUN 104. Each battery is . 
1.2 Volts and rated for 1070 Ampere-Hours. A string of batteries combines ten SUN 104 batterits, in 
series, to form 12 Volts at 1070 Amp-Hr. Two such strings, in parallel, a total of twenty Sun 104 

doubles the capacity to 2140 Ampere-Hours. Float voltage for these batteries will range from 
17 Volts depending on state of charge and temperature. b 

27 7 3 &khn& - Solarex MSX-60's solar panels provide all power to the high site. An array of 4 
solar panels, tied in parallel, may generate up to 14.6 Amperes. Each panel is diode protected and 
individually capable of generating up to 3.65 Amperes of current at charging voltage to the batteries, 
therefore if one, two, or three solar panels is damaged than the remsining array will still function with 
only diminished ourput Both arrays may potentially gemate 29 Amperes under ideal conditions. Each . 
anay is located on separate structures for diversity. Only one array is required to maintain constant 
power to the high site. 

21 - The controlling location point for the radios is technically similar to other 
RCO operations, that is the circuit starts with the ICSS with push-to-talk and 4 wire audio circuits. 
Circuit control equipment passes voice and P'IT information to the base station. 

' ' 2.3.1 MT-3 Base- - The MT-3 base station d o  system at the base is similar to thc 
mountain top repeater. An AC power supply is attached to the back of the chassis supplying the radios 
with 12 Volt DC power. Only one transmitter and receiver habitat the chassis. 
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ZQlEuaQH 

ZL l r&ahim - The Mark 111 SSO is operated the same way as an RCO, that is the Flight Se 
specialist and pilot will do nothing different in their operation of equipment as their own equipment. 

. DC power contmla. - Reference drawing ALI)-OOO-764;O.lO and ALD-000-764.011. 

Control . o 
indicator 

Disconnect 
switches: 

Solar arm] 
# 1 

Solar arrq 
#2 

Voltage 
regulator # 1 

Voltage 
regulator #2 

Battery #1 

Battery #2 

Load 

Load meter 

High current 
meter 

High current 
rotary 
switch: 

I:  OFF 

2: Battery 

1 : Array # 1 

I: A m y  #2 

Ref. . 

Des. 
Function 

OUT position on switches DISCONNECTS or turns OFF. 

IN CONNECTS or ON. 

When plug is IN solar array #I is connected to voltage regulator 1. 

When plug is IN solar array #2 is connected to voltage regulator 2. 

When plug is IN voltage regulator 1 is connected to batteries. 

When plug is IN voltage regulator 1 is connected to batteries. 

When plug is IN battery 1 is connected to voltage regulators. 

When plug is M battery 1 is connected to voltage regulators. 

When plug is IN the load is connected to battery. 

Reads current into load in Amperes. 

Read current as indicated by 2SW8 in Amperes. 

rums meter 2M2 OFF. 

Meter 2M.2 reads current from Battery. 

Meter 2M2 reads curre'nt fiom photovoltaic array #l. 

Meter 2M2 reads current from ph~tmoltait array #2. 

Table 3-1. DC power regulator controls. 
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- Reference Daniels Electronics LTD. manual. 

r 

:one01 or indicator 

m-3 repeater 
iystcm Monitor. 
 unction: 

! 

I 

I 

i 

i 

7 

$ 

3 

)" 
12 

Push-TO-Talk 

LED 

Audio A / '  

Transmitter 

P" rnittcr B 

Receiver 
Receiver B 

FAA Airway Facilities 

Presented here are the front panel 

:unction switch puts indicator voltage at test jach save 
nsitions 1 and 8. 

40 connection. (OFF) 
. . . . . . - nput voltage.. . . . , . . . . . . . - . .. . .. ... . . . 

': :... . . 

legdated voltage (+9.5  volt^) 

leceiver A signal strength indicator output. 

Xeceiva B signal stnngth indicator output 

Xeceiver A 4-6 Volt regulator. 

Receiver B +6 Volt regulator. 

Buffered AIB audio. Output on internal audio monitor. 

No connection. 

No connection 

Receiver A AFC output 

Receiver B AFC output. 

Momentary switch: whm in will turn both transmitters ON. 

Turns on when audio AIB switch are Nmed h m  middh 
position. 

When switch is position A, receiver A audio output i 
monitored. 
Whm switch is position B, reeeiva B audio output i 
monitored. 
Whm switch is in middle pos., audio monitor and LED m 
OFF. 

In normal position transminm are controlled by audio wntn 
On position forces traasmim 01 
Off turns off prime power to transmittas. 

In ON position receiver is connected. to prime pow 
In OFF position receiver is disconnected fiom prime p o w .  

10 
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Table 3-2. RF equipment case controls. 
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- 
TURN-ON AND CHECK OUT 

Location 

1. Base station radio 

. . 

I 
2. Base station radio 

I tern 

Function 

PJB . .  

UHF rcvr 

UHF tmtr 

, . 

Function 

UHF rcvr 

UHFtmtr 

A/G rcvr 

A/G tmtr 

Table : 

Action 

Pos. 1 

Middle 

ON 

Normal 

Pos. 1 

Middle 

ON 

Normal 

Dn 

N o d  

Indication-Remarks 

Turns OFF system monitor 

Turns OFF LED and audio monitor 

Turns ON UHF receiver 

Turns ON UHF transmitter 
. . - .  . . . 

.. . . _ .  I . .  .'. . .. . ' .  . . : . . . . ... . . . . . 
Turns OFF system monitor 

Turns OFF LED and'audio monitor . ' . . 

Turns ON UHF receiver 

Turns ON UHF transmitter 

Turns ON AJG receiver 

Turns ON AIG transmitter 

checkout 
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TURN-ON AND CHECKOUT . - 

3. High site 

DC p o ~ ~  Xguiator 

1 tern Action Indication-Remarks 

IN 

IN 

IN 
IN' . :: 

I N .  

M 

BATT 

m Y I  

ARRAY 2 

OFF 

ON 

Read 

Connects solar array 1 to VR1. 

Connects solar arrajr 2 to VR2. 

Turns VRl ON. 
. . . .  

TUIllS VR2 ON.:. l ,  . .. : , . . . ' . ; , . 

Connects BATTI to voltage regulators. 

Connects BATT2 to voltage regul$ors. 

Read M2: current to battery If no current 
see 6.2. 

Read M.2: current b m  ARRAY 1. If no 
current see 6.2. 

Read M2: current fiom ARRAY 2. If no 
current see 6.2. 

Tuins OFF meter M2. 

Connects RF equipment case to power. 

Read drain current. Approx. 180rnA. Ii 
not see 6.2. 

'urn on 

- hutdown. f o d  procedure for a partial or c o m p l ~  equipment shutdown is not 
needed. Turning off equipment in any sequence will not cause damage or present a safety hazard. 
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Parameter 

AIG transmitter .. _. 

a) ,Carrier power 

b) Frequency stability 

c) - Audio dinortion @ 
90ah 

d )  PTT time-out timer 

C) VSWR at transmitter 
output 

a) Carrier power . 

)) Frequency stability 

C) Audio distodon @ 
90% 

d )  PTT time-out timer 

e) VSWR at transrnitta 
output 

Procedure Reference 

Daniels VT-2-AM 
Manual 

22:6 

Daniels UT-2 
mqual 

tmtr alignment 

crystal module 

audio processor 
levels 

audio processor 

tmtr alignment 

Table 4-1. Sta 

3 Watts 

118-136 MHZ 
. . 

3% 

5 minutes 

1.0:l 

3 w-atts 

1 18-136 MHZ 

3% 

5 minutes 

1.0:l 

October 26,  1998 
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: 

L 

lards and Tolerance. 

Tolerance Limit 1 
nitial 

20% as 
staudard 

5 PPm - .  .. . .. . , 

3% 

20% 

r n n l  
LU70 a 

standard 

5 PPm 
3% 

20% 

Iperating 

!O% a s  
;tandad 

PPm , . 

5% ' 

3 5% 

1.8: 1 

cl no/_ 
LV /a ee - 
standard 

5 PPm 
5% 

35% 
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Parameter 

AIG receiver 

a) Sensitivity for 10 dl 
SINAD 

b) Squelch open 

c) Squelch close 

d) Frequency stability 

e) Selectivity @ 6 dB 

f) Selectivity @ 60 dB 

g) Nonsymetry @ 60 dE 
points 

JHF receiver 

L) Sensitivity for 10 dB 
iINAD 

1) Squelch open 

) Squelch close 

I) Frequency stability 

) Selectivity @ 6 dB 

) Selectivity @ 60 dB 

) Nonsymetry @ 60 dB 
oints 

tigh site battery float 
oltage 

Procedure 
Reference 

Paragraph 
Daniels VR-2-AM 
manual 

B'  

1 

.- 

laniels MT-3 
nanual. Section 2 
JHF receiver 

r 

-- 

I 
r 
1 

6.2.2 

Table 4- I. Standarc 

rcvr alignment 

audio processor 

audio processor 

crystal module 

rcvr alignment 

rcvr alignment 

rcvr alignment 

Standard 
- -- - 

-107 dBm 

- 1  10 dB 

-95 dBm 

118-136 MHz 

12 kHz 

29 kHz 

~ 4 5 %  

-107 dBm 

. I  10 dB 

.95 dBm 

118-136 MHz 

!5 ErHz 

15 lcHz 

32.5% 

3.5 to 17 Volts 

md Tolerance. 

AL 6520.2A 
A PENDIP 1 FAA Ammy Facilities 

- 
Tolerance Limit 

Initial Operating 
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order 6580.5, Remote Communications Facility (RCF) manu& is still in effect for the maintenance- \ Mark IIl SSO. The below is a guide for the maintenance of components not outlined in order . 

6580.5. 

5.u- 
1 year 5 Year 10 year 15 year 20 year 

Barmy check Bancry check Bancry check . . Battery check .. . . .. replace. . .  batteries . 

I iolv panel check solar panel check solar panel check solar panel check rcplacc pancis I 
I check solar PS check solar PS check solar PS check solar PS replace solar PS I 

Replace RF quip 
caSC 

replace RF equip case 
, ' I I I 

Table 5-1. Maintenance schedule. 

ZZ_- 

The solar panels and batteries both have a 20 year service life. Even if systems are functioning it - 
i s  likely performance levels are dropping off and arc in, danger of complete failure. For this 
reason it is important to change the majority of the Mark III SSO. If the antennas and physical 
structures are in tact they may be reused. 

fi3-- 
a) Spare .RF equipment case with conect frequencies. 

b) Two spare solar panels. 

c) Two spare voltage regulators. 

d) Two spare Polyphaser lightning protectors. 

e) Two spm series resistor, 

f) Spare Weidmuller terminal block parts. 

g) Multimeter. 

h) Technicians toolbox. 
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a) The physical inspection of the Mark I11 SSO should be done at every opportunity. It is 
this kason that scheduled maintenance trips be conducted in summer months. 

b) Check guy wires and tighten, if necessary. 

C) Tight or replace loose or missing hardware. 

. d) Corrective maintenance should be scheduled immediately for items not quickly 'fixed such as loose 
or bent anchors. . . - .  . . . .  . . . . . . . . .  . . .  . . . .  . . . . . . 

a) Bring 10 gallons of distilled water for each visit. Fill the batteries to the water m a .  Log the among 
of water used for each trip. If log indicates that water consumption is regular new solar controllers 
'may be required with an adjusted float voltage. 

b) Measure and log the voltage. 

a) The solar panels have a design life of 20 years. However it may become necessary to replace them 
more often because of the extreme condition they must endure. Even with a shattered lens or gun 
shot holes the solar panel will continue to operate with little reduction in output. For this reason 
visiting technician should being replacement panels on each trip even if it there &e no indication 
it might be necessary. 

b) Log which panels were replaced. 

Open the DC power regulator. 

Check and record current going into each battery string separately and record. Current should be 
within 10 % in value. 

Turn off controller two. Check current coming from controller one and record. Turn controller two 
back on. 

Turn off controller one. Check current coming fiom controller two and record. Turn controller one 
back on. 

Check current coming from controller two and record. 
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... . ... 
I .  

I 

e- No attempt should be made to eoubieshoot eqiiipmcn? inside the equipment " 
- -  - 

case while- at the high site. If a problem is suspected in the case it should be changed out with a spare 
case. The RF equipment case may then be examined at a technicians workbench. 

7 . 1 . 1 7  
. . The Daniels. MT-3 mountain top .repeater manual, should be consulted for 

any maintenance done to that system. 

U U  
. . Daniels electronics offm an 16 hour on-site course for the 

MT-3 system. Some of the topics include a detailed theoryof operation, on -# .components of the, . . 

:sysiem, field service checks, &stom set Q; .crystal inciddi, POW& supplies, -CTCSS; and" hang timer. 
'Also included is component level servicing of the MT-3. 

Module The MT-3 manual will be s guide in determining which rnodul&) are - 
faulty. Faulty modules should either be repaired by a trained technician or sent to the manufacturer for . 

repair. 

7.1. I 3 A procedure is -outlined in the Daniels MT-3 manual, for the replacement 
of the crystal and retuning the module. 

Cable If Daniels Radio modules appear to work individually but not as a system examine 
I cables for continuity. Replace the cable(s)' that have failed. *. 

m d  b)q&xa No attempt should be made to retune a duplexer that has detuned. If the 
duplexer has detuned, send it to the manufacturer for retuning. Test die qmt;,m ef the d~p!exer 8s 

follows. 

a) Connect a RF signal generator and an RF power/vswr meter to the common port of the duplexer. 

b) Connect an RF power meter and dummy load to the F1 port 

c) Dial .frequency F1 to the signal generator and turn on 

d) Sweep and plot the power and V S m  response of the duplexcr. 

e) If actual F1 rejection is other tban the nameplate fkquency than the duplexer has detuned. 

f) Repeat the above for F2. 

DC Spare components of the DC power regulator should be stocked. These parts 
" include Weidmullcr terminal block equipment, RN series resistors, Polyphaser lightning protection, a d  
ASC-16 voltage regulators. 

Reset The breaker will punch out for a 50 Ampere fault. If one or both of the 
breakers has tripped reset the breaker. The performance of the Polyphaser lightning protection module 
is repeatable and will not need replacement 

Reblace If the Polyphaser is shorting the solar array or the breaker will not reset, 
the unit with a spare. 
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7.2.3- e voltaeeregulator. A voltage regulator may fail by either staying in the charge mode even 
if battery voltage exceeds 15 Volts or by staying in the short mode even if the battery voltage is low 
nonexistent. If either of these conditions exist replace that unit. It is also possible, and normal, that o a 
one of the two parallel voltage regulators is charging but the other is off. If either voltage regulator is 
switched out of the circuit and the remaining regulator continues to charge than this operation is normal. 
This condition will exist if the batteries are near or at full charge. 

I 

7.2.4 lace s-. If current does not flow but is expected to check the resistor for voltage 
acrosszseries resistor with a voltmeter. If the full voltage drop is across the resistor terminals that the 
resistor has failed and has become an open circuit. Replace that resister with a spare. 

. . . . . . . . . . . .. . _  . , . . . .  . . . .  . . . . . . . . _ .  .. . .. 
. , ,  . 7.7 5 If either m&b  lor ~2 is' showing a current although one is present than r e p l ~ e  ' ' 

that meter. 
. . 

Batteries. Follow procedure 6.2 to ensure that the full 20 year life cycle of the batteries are realized. 
If an individual battery has failed it will have a 0 Volt reading across its terminals because the,positive 
anrl n - n n t h r *  m l n t ~ c  haw- mnum tnn~th- ehnrtina T h i e  hattprv will n ~ e r l  t_C? hp Ep!nrcd, Se:i& v r a u  I a r b u r a  r r  y a u b r u  r a r  r r 6.v ...a .v6ru.rr3 ur~vr rr-rg. r rvu u---rr J ----- ----- 
battery string off line and rely on the remaining string to support the high site until a replacement is 
available. 

& & i c e  s- Solar panels will not fail unless physically damaged. It is possible that a 
solar panel is physically damaged but still generates power. Solar panels are not repairable items. 
Follow procedure 6.3. 
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Description 

Daniels MT-2 repeater model RPP3lAM-3 

Daniels MT-2 repeater model RPS-3 

Audio Control Card w/ CTCSS tone control 

AC-2 . ' . - . _  . ..  
. . ' . ,. .. . - .  . 

Test Adapter Cable 

EC-32 

AC power supply fm RPS-3 

PS-2-S 

Auxiliary control cable for MT-2 repeaters 

AUX48 

Test adapter card and cable 

EC48 

dannon Enginetring 

i 15 Kirkland Way 

Cirkhnq WA 98033 

Tel. 206-827-7449 Fax 206-827-7099 
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ALD-000- 
Dwg. 

764.010 

764.010 

764.010 

764.010 

764.010 

764.010 

764.01 0 

164.010 

164.010 

r64.010 

164.0 10 

'64.010 

Description 

Modular terminal blocks, dbl level, 2 poles 

type DK4Q 5901.6 
. . 

Modular ficrminal blocks, feedthough 

type SAKI6 38062 

. . . . . . . .  . ~. 

Modular discon& terminal blocks 

type SAKC4 35752 

End section for DK4Q terminal block 

type APDK4Q 63 13.6 

End section for SAKI 6 terminal block 

type APISAKI 6 5901.6 

End section for SAKC 4 disconnect blocks 

iypcAP/SAKC4(15) 11792 

lumpas, to use with DK4Q terminal bloclcs 

ypc QIODK4 3686.0 

lJumbered labels for SAKC4, numbers 1-50 

ype FS6.5 4682.6 

Jumbercd labels for terminal blocks 

rumbcrs 1-50 and 5 1-100; typc FS6,4687.6 

rerminal block Mounting Rail, Aluminum, 
)IN 35 type TS 35 x 7 5  3308.0 

hn ina l  block, 6 Pole, 

irminal block, 10 pole 

ypcMKlOIl0 4494.6 

Source 

Weidmuller 

821 Southlake Blvd 

Richmond,VA. . . .  . . 23236 . .. . . _ ' I  

Tel804-794-2877 Fax 804-794-0252 . . 

SQmK 
Alaska Electronic Supply 

2020 E Dowling Road 

Anchorage, AK 99507 

M. 907-563-3774 Fax 907-478-377 
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Description 

Lightning protection from solar panels 

IS- 1 'NDC-5OA-NG 

35 mm DIN rail mounted moving coi 
ammetcT 

0 - 4  Amp inputforo-4 Ampcrc scale 

35 mm DIN rail mounted moving co 
m e t e r  

(40) to 300 milliVoh input and (-4) to 3 
Amperr scale 

October 2.6, 1998 
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Soum 

0 Box 9000 

-I- 

-- 

-- 
n 

il 

0 

dinden, NV ,89423-9000 . 

:el 800-325-7174 Fax 702-7824476 

1! 

P 

P 

h 

'1 

S 
k 

5 

I 

1 

: 

Tel 

dannon Engineering 

i 15 Kirkland Way 

Ciirkland, WA 98033 

Tcrmate 

995 Park Center Drive 

V* CA 92083-8397 
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Description 

Terminal block, power distribution, 

#4 to 414 AWG, 3 Pole, pln1492-PD3141 

,AL 6520.28 
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Source 

- 
Source: 
Debenham Electric Supply 

4502 Lois Drive 

Anchmgc, k 99517 
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ALD-000- 
Dwg. 

764.010 

764.010 

767.005 

764.013 & 

764.015 

764.013 

764.009 & 

h54.010 

764.009 

764.009 

Description 

Hoffman Enclosure, steel, weather proof. 

iJEMA type 12, RFI shielded 

20" x 16" x 6", Al62OO6lP 

Hoffman mounting plate, steel, 

20" x 16" nominal, pln A2OP16 . . '  

Cable, #4 AWG, 7-Stranded 

W X W  

Lugs, #4 AWG, Thomas & Be& 

TNB 601 12 

Cable, Arctic grade cable, # 14 gauge 

14-3 Super Vutron.Cabb 

Fittings, Crouse & ~h& ,  weather tight 

ZGB 194 

3of£inann Enclosure, stainless steal, 

weather proof, 6" x 6" x 4". NEMA type 4 

4-6- 

doffman mounting plate, stainless steal, 

1.88" x 4.8SW, AdP6 

October 26, 1998 
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Source 

Source: 

Graybar 

2020 E Dowling Road . 

Anchorage, AK 99507 ~ 

Tcl. . . 907462.2214 .. . . ,, Fax 9.07-562-33 14 
. . . .  . . . . . . . . .  , _  .. . . 
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Description 

Solar Panels, 60 Watt, Solarex 

MSX-60 

Solar Panel cont~oller, SCI 

ASC- 1 3 1  6 

. , - ,  . . .' . . .. . .., 
Low Vbltage ~i'&onncct' option for Sola 
panel controller 

ASC-OPT-E 

AL 6520.2A 
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S o u m  

e. 
Solar Engineering Sewices 

12 10 Homann Dr SE 
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Description 

Antenna, 7 element Yagi, UHF, Sinclair 

SRL-307 

Antcdaa, VHF omnidircctiona1,'Sinclair 

SRL-238 

Comshcll; sections 'C*, 'D' and roof. 

October 26 ,  1998 . 
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Source 

;ourcc: 
;in&ir Radio ~aborkories Inc. 

i75 Ensminger'Road 

Tonawqda, NY. Itr.!iO .-. . . . . . . . 

. . . _  . . 
. .  . . . 

re1 907-562-2800 Fax 907-561-0346 , 

;ource: 
dannon Engineering 

i 15 Kirkland Way 

Cirklad., WA 98033. 
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Description - 

Double enby case, seven rack units high, 

shock mounted. Furnished with Stainless 

steal hardwire and a pressure relief valve. 

AL 6520.2A , 

. - 
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Source 

Hardigg Industries 

393 N. Main Sweet 

PO Box 201 

South D n r  Field, MA 01373 
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Description 

Batteries, Nickel-Cadmium, 

1070 Ampere Hours. 

Sunica-104- 1 

Battery Cables, red and blue 

Battery cables, extension 

3 100429-22 ' 

Order batteries "dry" to keep them air 

uausportable. Electrolyte is shypod 

separately, m powder form, and mixed on 

location. 

October 26, 1998 
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Soum 

;aft-Nife Inc. 

'O ~ 0 x 7 3 6 6  . 

Lemville, NC 27835.7366 

Tcl.: . 9 19-830-l.600. . . . . - .Fw:.919-758-0329. . .  . . .  . . . . .. . . . . 

SQImx 
4laska power Systems 

3300 King Street, suite 101 

hchoragc, AK 995 1 8 

M.; 907-344-263 1 Fa: 907-344-263 1 
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ALD-000- 
. Dwg. 

764.010 

767.005 

764.010 

Description 

Resistor, 10 Watt, 1%, 0.0 1 O h  

Amphenol connector, bulkhead, 

MS3 102A 14S-OS 

318" Plastic, . . Snap-in, spacer . . . .  . 
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Source 

NSN 5905-01-247-7732 

NSN 5935-01-223-1 563 

NSN 598841-298-2077. . ; . . . .  .. . . 
, . 
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The Mark 111 SSO was designed to tolerate most environments in Alaska 
However it is important to check each new site with respect powel, radio coverage, and link radio 
margin. It may be necessary to specifj new radio modules, antennas, batteries, or solar panels: it is also 
important to note that a change in one aspect of the SSO will possibly affect another. For example I 

specifying 30 Watt transmitters will. affect the power requirements of the SSO. The following two 
sections offer a guide to re-engineering the Mark 111 SSO to adapt to different operating environments. 

Site The site selection process starts with a demand for a targeted air-to-ground coverage 
specification. A pre site survey .or map s w e y  may start at . .  this . . point. . A Site .survey team should . . 

: indude an environmental engineer and a electronics engineei. The site'shbuld b;e close to' the service 
area, have linesf-site with the airport or service area, should have southern exposure, and it should , 

provide the desired air-to-ground coverage. The environmental engineer should be respon$ble for 
environmental impact, feasibility to build, real-estate issues etc. 

2.l- 
. .  . 

saL- w A radio link budget must be performed for each installed site. A careful map 
survey, and possible site survey will help in determining the radio path potential. Line-of-sight is 
desirable but not absolutely necessary. If line-of-sight is obtainable the link radios should be made to 
operate in the 400 to 450 MegaHertz range, higher if such equipment is available. If linesf-site is not 

than a diffracted radio path may be scrutinized; higher power transmitters, higher gain 
lower VHF frequencies will help in making diffracted radio paths work. ! 

9.3.2 U w c r  b~&& Sizing the Mark I11 SSO battery size and type is done through an solar energy 
budget. The Energy Budget must consider monthly changes in sun hours. Because the winter months 
offer little solar energy in most parts of Alaska the battery capacity must be large enough to sustain the 
SSO through the winter months. Additionally snow may cover the solar panels rendering them useless: 
the battery bank is sized to support the SSO through the ,winter without the solar support. 

a) The start of the energy budget starts with the load calculation, or the energy demands of the system 
as measured in Ampere-Hours. A 5% duty cycle is assumed for radio equipment. 

b) Calculate the Solar Energy Production for each month. Use the chart below to find the nearest 
available sun-hour data Energy Supplied = Sun-Hours x solar array capacity ( in Ampere's) x 31 
days x 80% (charging efficiency). If the optimum angle is not used than the cosine of the angle 
difference must be USCd to correct solar panel rating. 
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Location Jan 

Adak 1.79 

Annette 1.59 

Barrow 0.0 

Bethel 1.62 

Benles 0.58 

Big Delta 1.24 

Fairbanks 0.8 

Gulkana 133 

Homer 1.94 

Juneau 1 -22 

King 2.19 
Salmon 

Kadiak 1.91 

Kotzebuc 0.22 

Matanuska 2.93 

McGrath 122 

rJomc 0.80 

- 
Feb 

2.45 

237 

1.61 

'2.99 

2.57 

2.85 

2.76 

2.86 

2.95 

1 .go 

3.21 

2.72 

239 

3.65 

2.70 

2.83 

APPENDIX 1 
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Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg Angl 

2.88 3.03 2.83 2.65 2.58 2.49 2.60 2.68 234 1.61 2.49 12.7 3 
3.13 3.47 3.48 3.14 -321 3.09 2.94 ' 221 . 1.74 1.13 2.63 143 

433 433 2.96 3.52 3.57 2.63 2.00 1.55 0.01 0.00 2.21 14.1 

. 4.06 3.96 3.49 325 2.88 2.45 2.81 2.68 1.88 0.88 2.75 '14.0 

436 4.54 4.25 3.97 3.54 3.12 3.27 2.61 1.42 0.00 .2.85 15.9 

4.43' .4.25 .3.98 3.69 3.53 3.45 3.44 ,234 . 1,92 021 2.99 11.8. 
. . , .  . . . . . . . .  . _  . " '  

4.45 434 4.1 1 3.92 3.63 331 ' 332 2.64 1.77 41101 2.92 12.8 

4.45 4.49 3.97 3.81 3.68 3.59 3.47 3.13 1.79 .050 3.09 16.9 

4.03 4.06 3.77 3.71 3.56 3.26 3.21 3.18 2.43 1.05' 3.10 11.7 

2.80 3.28 3.14 3.13 2.94 2.67 231 1.70 129 0.56 2.25 . 17.6 

4.14 3.79 3.47 3.22 3.02 2.76 3.03 334 2.59 1.60 .3.03 10.4 

3.84 3.72 3.16 3.16 3.04 3.08 3.01 3.26' 231 134 2:88 11.9 

4.13 431 4.09 3192 3.46 3.00 3.12 2.73 0.98 0.00 2.70 9.5 

5.46 436 3.77 3,48 3.19 3.09 2.95 2.91 2.49 1.92 334 11.7 

4.13 4.09 3.69 3.47 3.16 2.85 3.00 2.47' 1.68 031 2.73 135 

4.04 430 4.03 3.93 3.32 2.86 3.11 2.86 1.47 0.01 2.80 15.4 

Summit 1.08 2.58 4.16 431 4.08 3.58 324 2.94 3.04 2.80 1.90 031 2.84 12.0 

Yakutat 136 2.03 3.05 3.28 2.97 2.85 2.66 2.48 236 221 1.56 0.70 2.29 16.6 

Table 9- 1. Alaska sun-hours by location 

d) Battery rate degradation must be performed for each type of battcry used and the average 
temperature. For example a Nickel-Cadmium battery retains 60% of its rated capacity at -40°F; a 
typical lead-acid battery may retain only 10% of its rating at -40°F. A battery may not store more 
charge ( or energy) than its real rating; after rate degradation. 

e) The estimated final charge on the battery for the month may now be estimated. The charge = 
previous month charge - load + solar production If the charge is greater than its degraded capacity 
than the actual charge is the degraded capacity. This is an iteration process and is best done on a 
spreadsheet. 

f) Repeat the process until an optimum balance between made between the amount of solar panels and 
the amount and type of batteries. 
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Materials list is included in respective drawings. a eference drawing ALD-000-764.008, ALD-000-764.010, and ALD-000-764.011. 
Knock out 8 holes into the bottom floor of the Hofban enclosure such that the door opens to the left 
for 3/4" fittings, and install. 

Solder 24" leads into Amphenol connector. Install Amphenol connector. 

Tap and drill holes for Weidrnuller terminal block at tht bottom of the Hoffman enclosure, next to 
the Amphenol connector. 

Fabricate switch mount. in machine shop. 

Set rotary switch for 5 positions. ' ' . 

Solder 24" wires to common and last 4 positions of switch. 

Install switch into switch mount. 

Solder 24" leads to both ends of resisters. 

h i l l  and tap Hoffman mounting plate for the placement of controllers, Polyphers, DIN rail, switch ' 
mount, and resisters. 

Assemble Weidrnuller terminal blocks and end plates.' 

Cut terminal jumpers to length and insert into terminal blocks as shorn  

Snap in Weidrnuller terminal blocks, switches, and Texmatc meters. 

AU wiring is to be done with 12 AWG solid copper conductor unless otherwise Specified. 

p) WUCS to Polyphascr, meters, and controllers terminate with spades. W m  to terminal blocks ah 
stripped and inserted 

q) Complete wiring as to ALDOOO-764.008. 

9.4.12- 
a) Reference ALD-OOO-764.009. 

b) Knock out holes for cable and liquid-tight fittings and install. 

c) Drill and tap holes for terminal block iato Hoffhan mounting plate. 

d) Install Terminal block. 

e) Prepare a box for each photovoltaic array. 

9A.U- 
a) Reference ALD-000-767.005. 

b) Assemble cable and tone test. . . 
~dnnect cable to DC power regulator. 

Connect 12 or 14 Volt power supply to terminals marked for battery input. Close switch. This may 
be used for checkout and bench testing. i 

9.4.2- 
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a) Reference ALD-000-761.006 

b) Fabricate connector panel in machine shop. The panel will mount two type N feedthrou 
connectors, and one Amphenol type 14s bulkhead connector. 

c) Moyt  connector panel to Hardigg enclosure. 

' d). Carellly mark holes into enclosure where connectors belong. 

Remove connector panel and make holes in mclosurc. 

Solder 24" leads into Amphmol connector. Use 12AWG . stranded . copper conductor. . . . . . - : . . .  

 bunt connectors to Pull ~mdheio l  connector wires through its hole. ' ' . 

Mount connector panel to enclosure. Use silicon or equivalent between panel and enclosure to seal. 

Connect DC power regulator Cable between DC power regulator and RF Equipment Case. 

Mount terminal blocks into relay rack of enclosure. 

Label terminal block positions 1 - 10 for both blocks. 

Trim and insert wires from Amphenol co'mector t i  comct position on 2TB1. Refer to ALD- 
764.006. 

m) Fabricate RF body pinel. 

n) Install panel on the lower inside, back side of the relay rack facing outward 

o) Connect DC connector cables to RF bodies. 

p) Connect the tails of the DC connector cables to the indicated positions on 27332. 

Reference ALD-000-76 1.005 antenna mount detail. 

Knock-out 1" hole from the center of the antenna mount. 

Knock-out and drill holes for the placement of the Celwave antenna surge arresters, mounting holes, 
and ground wire lugs. 

Attach copper plate to antenna mount as shown. Spread conducting, no oxidation grease between 
copper plate and steel mount, 

Fasten surge arresters, and ground wire lug to copper plate. 

"Dry fit" the antennas to the antenna mount as shown in ALD-000-761.005. 

Remove antennas fiom mount for shipping. 

Reference ALD-76 1-006 and ALD-000-764.006. 

Insert specified modules into the correct spaces of MT'-3. 

Connect AUX48 cable to MT-3 backplane connector labeled P-2 auxiliary control. 

Wire in AUX cable wires into 1 TB2. Trim off unused wires. 
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W i  in power to MT-3 repeater. 

nstall Siaclair duplexer. 

g) Reference ALD-767.006. 

h) Fabricate RF cables. Cut each to the length required for connections. 

a) Rack MT-3, duplexer, RF body panel, and control equipment. 

b) Install antenna Fabricate and run RF cable to fiom antenna to RF body. 
. . . ~ . .  , . 

c) Fabricate RF cables and connect RFs body, duplextx,'and~trans&tk, k~iiv'e ji&. . . 

c) Wire AUX-48 cable wires to control equipment. 

f) With RF equipment case on-site and powered up with antenna or load, test end-to-end operation of 
system* 

a) High-site installation should not be attempted until all components at base station and controlling 
tion arc operational. I 8 

system with RF equipment case near the base station to inmi compltte operation. 

c) DC power regulator should be completely operational. 

d) Fabricate two 10 R lengths of RF cable with type N plugs at each end. 

e) Check antenna mounting hardware for completeness. 

f )  High site installation will be best during m y  weather. Uncharged batteries will quickly charge 
once connected. 

~ S o l a r A r r a v s  
a) Reference ALD-000-764.009,764.010, ALD-000-764.013. 

b) Attach PV Junction boxes to both solar pauel arrays. 

! c) Connect and seal liquidtight to fittings on PV Junction box and Comshell. 

d) Run and label 4 AWG cable through conduit. Terminate inside PV junction box 

e) Examine voltage of each solar panel for corrtct open circuit voltage, 18 - 24 Volts depending on 
weather. 

f )  Wi together solar panels of each array. Terminate into PV junction box. 

heck final voltage at the Comshell for each array. 

dl solar panel junction boxes and replace all wind blockers. 

i) Place desiccant in PV junction box and seal shut. 
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'. . 9.4.4.3I3anaiB 
a) Reference the S&-Nife battery instructions. 

b) Place electrolyte into batteries. ' 

c) Fill batteries to water mark. 

d) Connect battery strings in a daisy chain; negative to positive, -- 
a) Bolt angled aluminum cross members to battery racks. 

. . . .  . . . . . . . .  . 
, . . b) Bolt onto the alhr&m cross &einber$'th; DC piwe; Ggulator: - . ' ' . . .. : . . 

c) Bring labeled cables for solar arrays thro~~gh fittings and trim excess cable leaying some slack. 
Crimp #4 lugs to cables and connect to the correct poles of Polyphaser. Keqi all switches open until 
all connections are complete. 

d) Crimp ##4 lugs to cables cut to length and connect to both poles of batteries. Run ends through 
fittings and connect into terminal block of DC power regulator. . 

e) Run controller temperature sensors to batteries. Tape the sensors between two batteries. 

f) Check voltages to insure proper polarity on batteries, arid solar panels. 
g) Close switches of solar arrays. . 

h) Close switches to batteries. 

' i) Check current from each controller and current to each batteiy by using the high cutrent meter. 

j) Place desiccant in DC power regulator and seal. 

9.4.4.5Antennas 
a) Install antennas with regard to ALD-000-761 .OM. 
b) Orient Yagi antenna towards base station. 

c) Connect antennas to marked surge arresters with prefabricated RF cables. 

d) Connect surge arresters to RF equipment case. 

e) Connect #6 wire to lug on the copper plate. Snake the wire around one of the support arms to @e 
building outlet. Keep bending radiuses larger than 8". Connect t building ground system. 

a) Connect DC power regulator 'cable between DC power regulator and RF equipment casc. 

b) Close load switch in DC power regulator. 

c) If the batteries are still low, on voltage and still charging it may be necessary to temporarily 
disconnect the batteries and bypass the low voltage disconnect relay to checkout the RF equipment 
case. 

d) While an Electronic Technician has a c0-t carrier tumed on at the base, align directional 
optimum perfannance. . 
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Allow alignment of base station by turning on carrier of UHF Link radio until base station is fully 
igned. Transmitters should not be allowed to run for more than 5 minutes at a-time. I .  

out repeater for operation. 

g) Place desiccant in RF equipment case and seal shut. 

9.5.1 PC power - 
USolarDanels  . . _ . . . .  . .  . . . . .  . .  . . . 
'a) In sunny weather test open circuit voltage. (1 8-24, Volts depsnding on sun strength). 

b) In sunny weather measure short circuit current. (3.8 A max.). 

!L.Su I2C: power reeulator 
a) Close dl switches. 

b) Two 12-13.8 Volt supplies required. Connect one to 2E1 (reference ALD-000-764.008), connect the 
other to 2TB1 58 and 60. 

c) Turn on supply that is connect to 2E1. Then turn on the second supply. 

d) Charging light to 2VR1 should be lit. . 

voltage present at load? (2TB2) A and B). 

supply at 2TB158 and 60 off. 

g) Charging light to 2VR1 should go out. 

h) No voltage should be at load. 

i) Move power supply at 2E1 to 2E2. 

j) Turn on supply that is connected to 2E2. Then turn on the second supply. 

k) Charging light to 2VR2 should be lit. 

1) Is voltage present at load? (2TB2 A and B). 

m) Turn supply at 2TB1 58 and 60 off. 

n) Charging light to 2VR1 should go out, 

o) No voltage should be at load. 

upply voltage to RF equipment case with DC power regulator. . 

forward power on air-to-ground radio. 

d) Measure reverse power on air-to-ground radio. (1 3 : 1 max.). 
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e) With power meter still in circuit check the time out meter using the base radio. Key the hand held 
radio and observe the power meter. Measure the time required for the air-to-ground radio d m i t t e r  
to drop out. (4-5 min.). 

f) Measure forward power on link radio. 

g) Measure reverse power on link radio. (1.3: 1 mouc.). . . 

. h). With power meter still in the circuit check the time-out meter using the hand held AM radio. Key 
the hand held radio and observe the power meter. Measure the time required for the :link radio 
transmitter to drop out. (4-5 min.). 

i) Measure total idle current.. (120rnA)., . , 
. . . . . '.. . . . . 

_ .  . . - . .  . . -. .. . . . . . .  . .  _ .. . . . 
. . 

j) ~ e i  base radio and measure current. 

k) Key air-to-ground radio and measure current.. 

1) Measure .raw voltage into radios be turning the knob on the status monitor to position 2. (13.8 
Volts). 

m) Measure regulated voltage by tuming the knob on the status monitor to position 3. (9.5 volts). ' 

n) Test audio quality be turning the status monitor knob to position 8 and moving the AIB Wtch to A. 
Operate the base radio and observe the audio on the monitor. 

o) Test audio by dg the status monitor knob to position. 8 and monitor the A03 switch to B. 
Operate the hand held air-to-ground radio and observe the audio on the monitor. 

p) Test the end to end audio quality by turning off the audio monitor in the RF equipment case and 
turning on the audio monitor at the base radio. Speak through the hand held AM radio and listen the 
audio on the base monitor. 

q) Test the end to end audio qua1ity.b~ speaking through the base and observing the voice on the hand 
held air-to-ground radio. 

r) If any of the checkouts do not come within toleranc& consult Daniels Electronics manual. 

9.5.2.2- 
a) Power up base station radio with, duplexcr connected. 

b) Measure forward power on link radio. (1 3:l max.). 

c) Measure raw voltage into radios by turning the knob on the status monitor to position 2. (13.8 
Volts). 

d) Measure regulated voltage by turning the knob on the status monitor to position 3. (9.5 Volts). 

e) Test audio quality be tuming the status monitor knob to position 8 and monitor theA/B switch to B. 
Operate the high site radio and observe the audio on the monitor. 

f )  Test the end to end audio quality bytytuming off the audio monitor in the RF equipment case and 
turning on the audio monitor at the base radio. Speak through the hand held AM radio and listen to . 
the audio on the base monitor. 

g) Test the end to end audio quality be speaking though the base and listen to the voice on the hand 
held air-to-ground radio. 


