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GENERAL INFORMATION

INTRODUC TION

Since high-speed, long range operations of modern aircraft require highly
specialized and dependable equipment, a wide variety of avionics systems
is provided on the StarLifter. Thig avionics equipment, for the most part,
represents the newer generation of solid state electronics equipment de-
veloped for the aircraft industry. Use of this equipment has resulted in
higher reliability, lighter weight, and reduced electrical power require-
ments.

GENERAL

Equipment location, excluding antennas, is generally confined to the for-

AVIOHNICS
EQU I PMENT
RACK

CEMTER AVIONICS
EQU IPHMENT RACK

EQUIPMENT RACKS
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ward sections of the aircraft. Equipment racks are provided under the crew deck
area where the majority of the black boxes are located.

Circuit breakers, control panels, and some boxes are located in the flight station
area where they are readily accessible to crew members.

COPILOT'S OVERHEAD PANELS
INST PANEL .
CENTER COPILOT'S SIDE CONSOLE
INST PANEL FLIGHT
ENGINEER'S

PILOT'S

INST PANET L.
CENTER

PAMEL

CONSOLE : FLIGHT
o U
aucen's
5iDE COMSOLE -
AVIONICS

B PANEL

NAY RADIO
PANEL

HAVIGATOR'S
STATION

FLIGHT STATION AREA

The avionics systems can be divided into five basic groups:

® Radio Communications
® Radio Navigation
® Radar Navigation

® Special Navigation

Miscellaneous Systems

1-2 VOL. VI



RADIO COMMUNICATION SYSTEMS

The intercommunications (intercom) system provides communication among the
various crew members. It also permits certain crew members to monitor all
communication and navigation receivers. Transmission over the radio communi-
cation systems is accomplished through the intercom system. It can also be used
in conjunction with the Public Address (PA) system to make announcements to
crew members and passengers.

The PA system is provided go that instructions or announcements can be heard

in the cargo compartment without the use of headphones. The PA system is used
during loading and unloading of the aircraft and it can also be used to monitor
some of the radio receivers to provide entertainment for passengers during flight.

Two High Frequency (HF) communication systems are installed. These systems
provide long-range, Amplitude~Modulated (AM) or Single Sideband (SSB) commu-~
nication. The SSB mode is limited to Upper Sideband (USB) operation. The HF
systems are especially useful in long~range, over-water flights where other com~
munication systems do not provide suificient range.

For short-range radio contacts, two Very High Frequency (VHF) communication
systems are provided. Because of the straight-line radiation characteristics at
these frequencies, communication is restricted to line~of-sight distances.

Two Ultra~-High Frequency (UHF) communication systems, like the VHF systems,
provide short-range communications in air-to-air and air-to-ground operations.
Range of these systems is also limited to line-of-gight distances. The range of
both the VHF and UHF systems increases as the aircraft altitude increases.

RADIO NAVIGATION SYSTEMS

The most modern radio navigation aids are installed in the StarLifter. These
systems provide aural information for identification to the crew, information for
visual display by instruments, and guidance information to the Automatic Flight
Control System (AFCS).

Two Automatic Direction Finder (ADF) systems are installed. These systems
are used to take bearings on eitner standard broadcast or low-frequency radio
range stations.

Two VHF navigation receivers are provided which may be used for VHF Omni-
directional Range (VOR) or Instrument Landing System (ILS) operation. VOR
operation provides visual bearing display to any selected VOR ground station
within range of the equipment. ILS operation provides lateral guidance from a
runway localizer beam during instrument approaches or landings. Either opera-
tion can be coupled into the AFCS to provide automatic radio guidance.

VOL. VI ' 1-3
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Two glideslope receivers are installed to provide vertical guidance during ILS
approaches and landings. The information ig vigually displayed and can also be
coupled to the AFCS for automatic vertical aircraft control during ILS operation.

A single marker beacon receiver provides an indication when the aircraft is di-
rectly over any airway or runway marker beacon station.

Two Tactical Air Navigation (TACAN) systems provide indications of bearing and
distance to TACAN ground stations. The bearing information can he supplied to

the AFCS to fly a selected TACAN course. Bearing and range data are also fur-
nished to the navigation computer.,

A Long Range Navigation System (LORAN C) provides all-weather navigation in~-
formation which enables the navigator to determine a position "fix'' at great dis-
tances from LORAN ground stations. The LORAN is especially useful during
long, over-water flights where other navigation aids are not within range of the
aircraft. Data is also supplied to the navigation computer.

RADAR NAVIGATION SYSTEMS

A search radar system is installed to provide radar display to the pilot and navi-
gator for weather avoidance, terrain mapping, and ground radar beacon station
identification and position. Aircraft position data may be inserted into the navi-
gation computer.

A pressurization system provides needed atmospheric pressure to the search
radar to prevent high voltage arcing at high altitudes.

An identification system (IFF) is installed to provide coded replies to interroga-
tions from other stations. The IFF transponder may be used to transmit encoded
barometric altitude information as well as selected identification codes.

The installed doppler radar system will provide the navigator with visual indi-
cations of aircraft drift angle and ground speed. This radar navigation system
operates accurately under varying wind conditions without need for ground sta-
tions. Electrical outputs for the doppler computer, navigation computer and com-
bass systems are also provided.

The radar altimeter (low-range) system provides the pilots with an indication of
the aircrafts true altitude above the ground. This system also provides altitude

data to the All Weather Landing System (AWLS).

SPECIAL NAVIGATI_ON SYSTEMS

The doppler computer provides present position indications to the air crew such
as distance to go along the selected flight path and cross track deviation away

VOL, VI 1-5



from the selected path. The doppler computer receives the aircrafts actual path
and ground speed information from the doppler radar system. Outputs from the
doppler computer may be selected as an input to the AFCS for aircraft guidance.

A light-weight, high-speed navigational computer (ASN-24) is installed to assist
the navigator and pilot in determining such navigation parameters as distance to
4 selected destination, present latitude and longitude, ground speed, winds, cross
track and along track to selected destinations and celestial navigation data. The
outputs are provided from continuously updated dead reckoning computations. Po-
sitional accuracy is improved by inputs from various navigational sensors includ-
ing search radar, TACAN, LORAN C, Doppler radar, gyro compass, and central
air data computer, High precision outputs are available for terminal navigation

at drop zones, Outputs are also selectable by the pilot's and copilot's flight di-
rection systems.

STATIC DISC HARGERS

Ag the airplane moves through the air, a static charge tends to accumulate along
the trailing edges of the wind and of the vertical and horizontal stabilizers. This

NOTE:

THIRTY FIVE STATIC DISCHARGERS DISSIPATE
STATIC ELECTRICITY FROM THE AIRCRAFT INTO
THE ATMOSPHERE REDUC ING INTERFERENCE YO
RADIO RECEPTION.-

STATIC DISCHARGER LOCATIONS
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static charge builds up until it discharges into the air. As the discharge occurs,
Radio Frequency (RF) waves are generated which are picked up by the radio re-
ceivers as static interference. The amount of interference depends upon the a~
mount of static charge at the time of discharge. If the static charge can be con-
centrated on small areas, the discharge will occur before the charge becomes
very high. As a result, radio interference will be greatly decreased. To ac-
complish thig, static dischargers are provided as shown in the illustration.

MISCELLANEOUS SYSTEMS

A crash position indicator (CPI), transmitting on an emergency radio frequency,
will guide search and rescue aircraft to locate the ditching area. CPI transmis-
sion begins with manual or automatic deployment from the Star Lifter.

The airborne flight data recorder make a nondestructive record of aircraft alti-
tude, airspeed, heading and vertical velocity. This system provides a precrash

history of flight parameters beneficial to accident investigations.

POWER SOURCES

The power required by the StarLifter is normally supplied by four main engine-
driven A-C generators.

Auxiliary power is supplied by a fifth generator driven by an Auxiliary Power
Unit (APU). This generator is used for ground checkout of the aircraft systems.

External A-C power can be used for ground checkout of the aircraft systems.

A-C power for the avionics systems is supplied by the main tie bus to the No, 1
and 2 avionics buses, and the isolated A-C avionics bus. Avionics bus No. 1
supplies phase "a" nav. bus 1. Phase "a" nav. bus 2 is supplied by the No. 2
avionics bus.

D-C power is supplied by two T/R units to the No. 1 main D-C avionics bus and
No. 2 main D-C avionics bus. The isolated D-C avionics bus can be supplied

power in flight from the emergency generator or the battery.

CONTROL PANELS

The pilot's and copilot's control panels for the communication and navigation e~
quipment are located on the center console. Each control panel is edgelighted,
engroved plastic panel. Only the markings and controls are illuminated. The
navigator's and flight engineer's stations have the same style illuminated panels.

VOL. V1 1-7



EQUIPMENT RACKS

The major avionics equipment is located under the flight deck floor on racks.
These racks are the left hand avionics equipment rack and the center avionics
equipment rack. The left hand avionics equipment rack is approached by enter-

ing the left underdeck passageway. The center avionics equipment rack is lo-
cated between the two underdeck passages.

JUNCTION BOXES

There are seven major Junction (J) boxes on the airplane. These J boxes serve
as interconnection points among the radar, communication, and navigation equip-
ment. The seven J boxes are the autopilot, interphone, navigation, two ASN-24,
and two radar. These locations are shown on the illustration.

CENTER CONSOLE
TERMiNAL STRIP PAMEL

(FLIGHT INSTRUMENTS)

RADAR J-BOX
,. No. 1

RADAR J-BOX—
No.2

NAVIGATOR'S—
CUNTROL PaNEL

ASH-24 y-Box ‘

No.1 v 7 N——AUDIBLE WARNING
ASN-24 y-BOX JUNCTION PaNEL
No.2 INTERPHONE J-80X

NAVIGAT |ON Y AUTOP ILOT J=BOX

J=80X

AV IONICS JUNCTION (J) BOXES
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AVIONICS TEST RECEPTACLES

Three avionics test receptacles are installed in the forward area of the aircraft.
They are intended to supply D~C and single~phase A~C power to ground support
test equipment used in checkout and troubleshooting of various avionics systems.
One receptacle is located in the nose wheel well under the radar receiver-trans-
mitter. The other two are located on either side of the avionics underdeck rack,
slightly aft of the forward wheelwell box.

ANTENNAS

The majority of the electronics systems' antennas are of the following types:
flush-mounted (cavity), blade (stub), or long-wire.

TECHNICAL ORDERS

A complete series of Air Force technical orders is available. Several of these
manuals contain information which directly concerns the avionics systems. These
manuals are as follows:

T.O. 1C~141A~1 Flight Manual:

The Flight Manual contains information for safe and efficient operation of the air-
plane. The manual includes a section on the location of components with operating
procedures for the electrical and avionic systems, and includes range and limita~-
tions due to installation.

T,0, 1C-141A-2~7 Electrical Systems:

This Manual covers the description, operation, checkout, troubleshooting, re-
moval and replacement of components, and adjustment procedures for the entire
electrical systems of the C~141A airplane.

T.0. 1C~141A-2-8 Radio/Communications and Navigation Systemas:

This manual covers the operation, checkout, troubleshooting, removal and re-
placement of components, and adjustments of the components of the avionic By s=-
tem of the C-141A airplane. Included are wiring diagrams of all the systems,
and an item list of all the systems components by name and part number.

T.0, 1C~141A-2~11 Airplane Wiring Diagramas:

This manual contains an item list of the electrical system components and wir-
ing diagrams of the electrical systems of the airplanes. For detailed informa-
tion on a specific system, refer to the Air Force Systems Technical Order or
manufacturer's handbook on the specific system or unit. T.0. 1C-141A-01 is
a T.O. index of applicable T.O.'s used with the C-~141A airplanes.

VOL. VI 1-9
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volume vI chapter 2

INTERCOMMUNICATIONS SYSTEM

GENERAL

The intercommunications system (interphone) provides voice communication
facilities between aircrew members, aircrew and ground crew members and
provides transmission, reception and monitoring of selected radio communi~
cation system. Monitoring of radio navigation systems is also provided. The
interphone may be used in conjunction with the Public Address (PA) system
for loud speaker announcements to passengers in the cargo area.

Pilots audio signals, as well as a warning tone in case of aircraft engine
fire or overspeed, may be heard through the flight station loudspeaker.

AIRCRAFT INSTALLATION

There are ten interphone stations located in the aircraft.

The panel locations drawing shows the five crew member interphone stations
in the flight station, the avionics rack station, the three cargo area stations,
and the vertical stabilizer station.

The drawing also shows the external
interphone receptacle locations, How-
ever,receptacle locations may vary
depending on aircraft number and modi~
fications. The forward fuselage recep-
tacle is electrically connected to the
avionics rack control panel. The wheel
well area receptacles are connected to
the jump door control panels.

The interphone system overall diagram
shows general interconnection of the

interphone stations. Notice that the EXTERNAL
"INTER" (INTERPHONE), "CALL" I NTERCOMMUNICATI ON
RECEPTACLE

and "HOT MIC" wires interconnect

VOL. VI 2-1
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all control panels except the vertical stabilizer panel.

Three circuit breakers supply 28-volt D-C power. The pilot's and flight engi~
neer's stations are supplied from the emergency D-C bus through a circuit
breaker located aft of the pilot's side console. The remaining stations are sup-
plied through circuit breakers on the avionics circuit breaker panel at the navi-
gator's position. The main D-C bus No. 1 supplies the observer, avionics
equipment rack, left jump door, and vertical stabilizer stations. The main D-C
bus No. 2 supplies the copilot's, navigator's, forward crew door, and right hand
jump door stations. The interphone system does not have an ON-OFF switch.
The system operates when the buses are energized and the circuit breakers are
closed.

Microphone switches are located at each interphone station to provide keying of
the selected system. The pilot and copilot switches are located on the control
wheels. These switches are three-position switches springloaded to the center
{"OFF") position. The other two positions are "MIC" position for transmitting
by a selected radio and "INTER" for transmitting over the interphone system.
All other positions have mic switches in the extension cord adapters that con-
nect to the headsets. The pilot and copilot headset cords do not have mic
switches. The navigator and flight engineer also have a foot switch in parallel
with the headset cord mic switch.

a 75 foot extension cord is provided for use with external receptacles. This
cord is stored near the forward crew door.

SYSTEM OPERATION

When aircraft power is activated, the interphone system will be operational.
For crew members with monitor panels to monitor a navigational radio the

MON I TOR SWlTCHJ’
C-3943 MONIJITOR PANEL
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desired navigation system must be operational and the desired system switch on
monitor panel must be pulled out and adjusted (volted) for proper volume. The
signal will be fed through the control panel headset amplifier to the headset. Up
to seven navigational radios and the PA system can be monitored at one time
through the monitor panel.

Crew members with control panels can “interphone” or monitor the commumi-
cations radio by pulling the desired monitor switch on the control panel and ad-
justing (rotating) the volume. To transmit over interphone or a communications
radio, the control panel rotary selector switch is set for the desired system.
With the mic button pressed, the mic audio signal will be fed through the inter-
phone system to the selected radio for transmission.

L ROTARY SWITCH
C-3942¢2 CONTROL PANEL

Reception from the same selected system is provided by releasing the mic button
For "HOT MIC'" operation the HOT MIC TALK button is pulled. This allows
communication over the interphone system without pressing a mix button. The
"HOT MIC" talk volume is not adjustable.

.To monitor hot mic talk the HOT MIC LISTEN button must be pulled and rotated

for volume. To use the "CALL" (emergency interphone) function, the CALL

button is pressed. This is a springloaded button that will return to the "QFF"
position when released. To talk over the PA system from the flight station the
pilot's INTER-INTER PA switch must be in"INTER PA" position. To usethe PA
system from the cargo station when the pilot's switch is not in "INTER PA''pogition,
the cargo control panel rotary selector switch has to be in the "PA" position.

Control panels located in the cargo compartment have only two positions,

"I'" and "PA", on the rotary selector switches and only one monitor switch po-
gition, "INT'". On modified aircraft the crew door panel will have "HOT MIC

VOL. VI 2-5



TALK" and "LISTEN"., The selector switch at the flight engineer's position has
no provisions for radio transmissions.

The vertical stabilizer station has only interphone capability.
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SPECIFICATIONS

AIC-18 INTERCOMMUNICATIONS SYSTEM

i

HEADSET

CHARACTERISTIC SPECIFICATION
MIC Amplifier AM-1964
Input Source impedance 5 ohms
Output load impedance 150 ohms

OCutput voltage

Amplifier AM-1965

Input source impedance
Output load impedance
Auxiliary output winding
Output Power

Call exalt

Volume Control range
Monitor volume control ranges

D~C Power Source: range
Nominal
Emergency
Operation

NOTE:

Intercommunication Set Control

C-3942 and
C-3943 panel lamp source:
Nominal

Power requirement

Intercommunication Station
No relays energized
Relays energized

Intercommunication Set Controls
No relays energized-less lamps
One relay energized-less lamps
Panel lamps=~nominal

Monitor Panels
Panel Lamps-nominal

2. Ov RMS approximately

150 ohms

9.5 ohms for headphone
for loudspeaker(s)

1. O~watt, maximum

6 db approximately

31 db nominal
18 db nominal

24,0 to 30,0 volts, DC
27.5 volts, DC
12. 0 volts, DC

6-volt AC or DC

3.6 Watts, nominal
5.3 Watts, nominal

3.6 Watts, nominal
5.3 Watts, nominal
2.4 Watts, nominal

2.4 Watts, nominal C~3943

VOL. VI
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BLOCK DIAGRAM THEORY OF OPERATION

When a radio is selected by the rotary switch (S410) the mic amplifier output

is coupled by the energized relay (K40l) to the selected system.

HMicH

ground is applied through CR40l to the selected radio's Push To Talk (PTT)

line.
PTT is not wired in the aircraft.

Although interphone can be operated similarly through S410 interphone

l s PTYT
TRANSMISS 10N t CONT
| SEL SW B MIC
l i AUDIOJ
o |
! CONTROL PANEL
| |
| ™ |
ﬁi A E : %ﬂ a 28v e
L { NORM. oCALL OUTPUT BcaLl &
I — QUTPFUT
IE)E Mic uwwiﬁgb I AUDIO
f AMPL CALL SW |
MIC =
5409
e
I moNITOR
‘ | PaNEL
MONITOR HEADSET
. ADS
| Vv AMPL | Eg )
‘ M IXER | HeapseT
yoL
I CONTROL CONTROL i
: <t S IDETONE l RAgég

TRANSMISS ION O o 0 o
SEL sw 5410 [ e —— =

i § | DETONE

RADIO TRANSMIT
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Radio transmission sidetone is returned from the selected radio through $410.
The mixer and main volume controls affect the audio level. An alternate side-
tone path is through the monitor switch. However with the rotary switch on the
selected system the monitor need not be "on."

Radio reception is provided by releasing the mic switch allowing the selected
system to switch from transmit to receive. The receive audio follows the same
paths as sidetone shown on the radio transmit diagram. Each rotary switch radio
position and the interphone position has an independent matching monitor switch
circuit as shown on the radio transmit diagram. Therefore, interphone and any
number of radios may be listened to simultaneously. Since the monitor panel

is an audio mixer for the navigation radio receivers, with a single line to the con~
trol panel headset amplifier, any number of navigation systems and PA can be
listened to simultaneously.

The pilot and copilot can transmit interphone without use of the rotary switch.
By pressing their mic buttons to "INPH" their mic audio signals are coupled by

. INTERPHONE
INPH | 1
& B L INE
-|}~o-""‘£i l
MiC I
28v pco-

I
| v
MiC @: AMPL

& CALL
AUDIO
CUTPUT

l HEADSEY
AMPL

HEADSEY |

voL <

|

|

|

|

| |
| |
| 1
| |
| 1
| |
o

|

| |

ICONTROL PANEL

PILOT'"S AND COPILOT'"™S MAIN PANEL
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the energized relay (K402) directly to the interphone line. With the interphone
monitor (8401) pulled or the rotary switch (S410) set to interphone the shorting
ground is removed and the operator can hear his interphone sidetone.

I “CALL,™ "MIC, " or "INTERPHONE" is not activated the operator can talk
HOT MIC by pulling 8411, He can listen to "HOT MIC" by pulling the HOT MIC
LISTEN switch (S405).

L HOT e
- -‘I MiC r‘" 7
l TRANS SEL SW LINE

OO !

LISTEN
HOT MIKE
o SW

.~ HOT urel

|
|
|
|
|

EHPH LINE SW l
LINE@——D §
! I/ INTERPHONE l |
TO g §  RELAY
TRANS K402 H
SEL 8V ! :
| CALL ! T “‘3)
! ‘u.v
NORM . g1 L | controL { | AMPL
MIC i s <\ CALL &- HEADSEY
rmam | E
BI AMPL [T CONTROL CONTROL
CALL SW
e 5409 PANEL | ‘ PANEL
TALK LISTEN

HOT MIC TALK AND LISTEN

When the CALL button (8409) is pressed the mic audio is routed through the call
audio line to all call capable stations. The caller hears his sidetone through his
volume control. The pressed CALL button also applies 28-volt, DC to all sta-
tions activating headset amplifier Automatic Gain Control {AGC) circuits. Since
call audio level is greater than the other signals the AGC circuits reduce the gain
of the amplifiers resulting in CALL sounding normal with all previously selected
signals being lower in volume, $409 also connects a shunt resistor circuit to

the headset amplifier input reducing the callers sidetone. This will cause his
sidetone to be about the same level that other listeners hear. This compensates
wire losses between stations.

When a CALL button is pressed, 28-volt, DC on the call control line activates the
flight station loudspeaker. When the fire or overspeed relay energizes the loud-
speaker is also activated. The crew may turn the loudspeaker power switch
"ON" for continual operation. When the loudspeaker is "ON" pilot's headset sig-
nals may be heard through the speaker. Engine fire or overspeed warning ig
provided by a tone in the speaker.
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1344

PUBLIC ADDRESS SYSTEM

GENERAL

The public address (PA) system is provided so messages or instructions
from any interphone station may be heard in the cargo compartment with
the use of loudspeakers. It can also be used to monitor standard radio
broadcasts for entertainment purposes.

AIRCRAFT INSTALLATION

The main control panel, C~-3944/AIC-13, is located at the flight engineer's
station. Three auxiliary control panels are located at the cargo compart-
ment interphone stations. Three amplifiers, AM-944/AIC~13, are installed
in the center avionics equipment rack. Six speakers, LS-211/AIC-13, are
located overhead in the cargo compartment. The relays associated with the
PA system are located on the interphone junction box. The INTERPHONE~
INTERPHONE PA switch is located on the pilot's side console. All ampli-
fiers are transistorized and require 28-volt DC for operation. The required
voltage is supplied through a circuit breaker on the avionics circuit breaker
panel, from the main D-~C avionics bus No. 2.

SYSTEM OPERATION

When the system is energized by placing the PWR switch, on the main con~

trol panel, "ON'" and with the pilot's switch in "INPH & PA'" position, inter-
phone transmissions by any station will be heard through the selected cargo
loudspeakers.

In addition, when the rotary selector switch on any interphone control panel
in the cargo compartment is sef to the PA position, a crew member at that
station may talk over the PA system regardless of the pilot's switch posi~
tion. Two push button switches at each of the cargo panels enable volume
(gain) to be increased or decreased.

VOL. VI 3-1
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MAIN CONTROL PANEL

Volume is manually controlled at the main control panel by rotation of the volume
control knob. The main control panel contains all other facilities necessary for
system operation and control.

When the pilot's switch is set to PUBLIC
"INPH' the interphone line is not ADDRESS
connected to the PA system. With ;“':’1

the pilot's switch set to "INPH"
and no PA transmissions are being
made from the cargo stations the 1KHPH
Automatic Direction Finder (ADF)
receivers may be heard, through
the cargo loudspeakers, as they
are selected at the main control
panel. This provides music listening for passenger entertainment. Speaker
selection is also made at the main control panel. With the main control panel
rotary switch set to "JUMP" only the two

PILOT'S SWI!TCH

PUBL1C ADDRESS speakers facing the jump doors will operate.
o @ In the "ALL" position all speakers operate. Only
@“ TN the forward speaker operates with the rotary se~
DECREASE  INCREASE

lector set to "FWD'". When "AFT" is selected
only the speaker over the ramp area will oper-
ate,

VOL. VI 3~3



SPECIFICATIONS

PUBLIC ADDRESS SYSTEM AIC-13

CHARACTERISTIC

SPECIFICATION

OVERALL _
Nominal power input Voltage required

Maximum current required (at 17
watts output with 12 decibels of
clipping)

Effective frequency range
CONTROL PANEL UNIT

Input irpedance (all but auxiliary
input)

Input impedance (auxiliary input)

Output impedance
Gain (all but auxiliary input)

Gain (auxiliary input)

Frequency response (nominal)

Distortion at maximum output
(300 Hz at 11 volts across 150~
ohm line)

Signal input voltage for full output
AMPLIFIER UNIT

Input No. 1 impedance

Input No. 2 impedance

Cutput impedance

Input No. 1 gain

Input No. 2 gain

27.5 volts, DC

1.0 amperes

500 to 5000 Hz

Suitable to bridge a 150 ohm line
(one 39,000 and five 47, 000-ohm
bridging type inputs) ‘

Varies between 10 to 500 ohmg
depending on the setting of
volume control

150 chms
10 decibels

60 decibels with volume control
maximum

300 60 6000 Hz

12 percent

1.0 voltg

150 ohms

200 ohmg

4, 8 and 16 ohms
35 decibels

21 decibels

3~4
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SPECIFICATIONS (continued)

CHARACTERISTIC SPECIFICATION

AMPLIFIER UNIT (continued)

Frequency Response (nominal 300 to 6000 Hz

Distortion at maximum output (300 Hz 9 percent
at 18 volts across 16-ohm load)

Input No. 1 signal voltage for full out- | 0.9 volts
put at clipping threshold (1000 Hz)

Input No. 2 signal voltage for full out- | 2.8 volis
put at clipping threshold (1000 Hz)

Input No. 2 signal voltage for full out~ | 11.0 volts
put with 12 decibels of clipping
(1000 Hz)

LOUDSPEAKER UNIT

Frequency Range 500 to 5000 Hz
Input impedance 16 ohms
Power handling capacity : 25 watts

BLOCK DIAGRAM THEE)RY OF OPERATION

It can be seen from the "Input Circuits" diagram, with the power switch "on," that if
the pilot or any cargo station operator has not selected ""PA" the main panel relay
will be deenergized allowing the selected ADF receiver to pass to the volume con-
trol and be amplified by the main panel preamplifier.

If the pilot selects "INPH & PA" a ground will energize the relay. The same
occurs when the cargo operators select "PA." With the relay energized it is
seen that the cargo PA mic line or the interphone line is connected to the PA
input. The volume control can be adjusted manually at the main panel or turned
by the remotely controlled motor.

The volume control motor is 28-volt, D-C operated. Whether the motor increases
or decreases volume depends on the polarity of the DC applied.

The volume control diagram is shown in the minimum volume position. If any
cargo INCREASE GAIN button is pressed it is seen that ground is applied to the
motor through the bottom diode bypassing the open contact of the minimum limit
switch. Power of +28-volt, DC is applied through the closed contacts of the

VOL. VI 3-5
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maximum limit switch to the motor. The motor will turn the volume control
writil the maximum limit switch, rotating clockwise, opens circuits at the
maximum limit stop contact, The motor will not drive pass this point,

Now picture the maximum limit switch open and the minimum limit switch closed.
Jperating "DECREASE GAIN" will apply ground to the motor through the top diode
bypassing the open contact of the maximum limit switch. Power of +28-volt, DC
is applied through the closed contacts of the minimum limit switch to the motor,
The rootor will turn the volume control until the minimum limit switch, rotating T
counterclockwise, open circuits at the minimum limit stop contact.

Cloge examination of the volume control circuit will show that the left jump door
am& has priority over the right jump door panel and that the crew door panel
highest priority, "DECREASE GAIN" has priority over "INCREASE GAIN."

Sl

ree power amplifiers receive the selected input audio signal from the main
. panel preamplifier. The power amplifiers raise the level of the signal
ently to drive the loudspeakers.

ferring to the output circuits diagram it is seen that each power amplifier drives
wo speakers.

lng the speaker selector switch in the "ALL" position results in both speaker
elector relays remaining deenergized. Operating voltage is applied to all ampli-
fisrs and relay No. 1 in all amplifiers 1s energized.

I'he output of each amplifier is connected to two parallel speakers; therefore, all

ix PA speskers are operational. When the SPEAKER SELECTOR switch is placed

in the "JUMP" position both speaker selector relays are ensrgized. Operating

voltage is applied to amplifiers No. 2 and 3. Both relays in each amplifier are de-
ensr ggmm and each amplifier output is coupled to one speaker. Amplifier No. 2

the left jump door gpeaker (spesker No. 4) and amplifier No. 3 drives the
jump door speaker (speaker No. 5). Placing the SPEAKER SELECTOR switch

¢ "AFT" position, energizes speaker selector relay No. 1. Operating voltage

plied to amplifier No. 3 amplifier. The No. 2 amplifier relay is energized

o comaect the No. 3 amplifier output to the aft speaker (speaker No. 6). Placing

SPEAKER SELECTOR switch in the FWD position energizes speaker selector

:y No. 2. Operating voltage is applied to amplifier No. 1. Both amplifier

ays are deenergized to connect the amplifier output to the forward speaker

gy Wo. 1)
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HF COMMUNICATION

GENERA.L

Two High Frequency (HF) radio systems are used to transmit and receive

voice communications. They are used primarily for long range communica-
tions outside the range of other systems. Long range commaunication is pos-
sible since this system is not limited by line~of-sight characteristics. This
system not only provides the conventional Amplitude Modulation (AM) method

of Voicé-c;ommunications but also the more recent Single Sideband (SSB) method.
This too enhances the longer range capability of the system.

ATRCRAFT INSTALLATION

Each system consists of a Model 618T-2 transceiver, a Model 180 R-4A an-
tenna coupler, a 309A-1A coupler accessory unit, a 452A-1A lightning ar-
restor relay unit, a Model 714E~2A Control Panel, and one rod type fixed
antenna shared by both systems.

The transceivers are in the center avionics equipment rack. The control
panels are on the center console; the coupler accessory units are in the verti-
cal stabilizer base; and the lightning arrestor relay unit and antenna couplers
are in the horizontal stabilizer bullet. The antenna is mounted in the forward
bullet fairing of the empennage.

Primary power necessary for system operation is 28~volt D-C power and 3~
phase AC, 208 volts,phase-to-phase. Four circuit breakers for each system
are on the avionics circuit breaker panel. System No. 1 is supplied from the
A~-C avionics and main D~C avionics No. 1 busses. No. 2 HF is supplied in an
identical manner from the No. 2 busses.

Keying interlock between the two HF systems is provided by relays in the cou-
pler accessory units and the lightning arrestor relay unit. The interlock

circuits prevent both transceivers from being keyed simultaneously, and pro-
vide the necessary switching to enable one antenna to be used by both systems.

VOL. VI 4~1
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SYSTEM OPERATION (only one system is discussed)

The function, or mode of operation is selected by a four-position rotary switch.
In the ""USB' position, the system operates using SSB with carrier suppression.
Only the Upper Sideband (USB) is transmitted. The next position is also"USB!
LSB need not be labeled on the control panel since this mode is disabled in the
aircraft wiring.

In"AM"operation, the carrier and upper sideband are transmitted. This is also
SSB operation, but the carrier is also transmitted. When the switch is in the
"OFF" position, the equipment is deenergized.

The frequency selected may
be read directly from the

control panel. Frequency is MHz 1 KHz
determined by dialing the four KSELE»CTOR SELECTOR
frequency knobs until the de~

gsired operating frequency
appears in the panel window.
The antenna tuning system
automatically tunes the an-
tenna for each transmitter
frequency in order to obtain
maximum power transier
from the transmitter to the

antenha.
FUNCT  ON =

In order to transmit and re- OR MODE SELECTOR
SELECTOR 100KHz

ceive from an HF system,
the desired system must be
selected on the interphone CONTROL PANEL

contro!l panel rotary selector.

If reception only is desired, the

HF mixer switch should be

turned on. The volume level of the HF audio should be controlled by the inter-
phone volume controls only.

SELECTOR

The transmiiter can be keyed by pressing tne microphone button on the headset
cord or on the control wheel. Audio gignals will be supplied from the micro-
phone to the transmitter. RF energy from the transmitter is applied to the
tuning system and antenna. Sidetone audio will be heard in the headphones during
transmission. When the microphone button is released, the antenna is connected
to the receiver input. Received signals are amplified, detected, and then routed
to the interphone system. Best received signal to noise ratio is adjusted by the
RF sensitivity control.
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When each new frequency is selected and the transmitter is first keyed, the
antenna tuning system will tune. The tuning cycle is indicated to the operator

FREQUENCY
SELECTION
AND
CONTROL CONTROL g ANTENNA
3 TRANSCE!VER TUNING
PANEL .
P— SYSTEM
COUPLER AND
HEADSET| KEY MIcC ACCESSORY UNIT
aupio | {prT) AUD IO
| [NTERPHONE
CONTROL PANEL
MIC

g : HEADPHONES
MIC BUTTON

SYSTEM BLOCK DIAGRAM

by a 1 KHz tone in the headphones. The average tuning time of the tuning system

is five seconds. When tuning is complete, the tone will cease. Keying the
transmitter the second time will provide full power transmission. This operation
is known as "Radio Silence" meaning that the transmitter is not on the air for
tuning purposes until the transmitter is first keyed. This reduces needless transg-
missions that cause interference when new receive frequencies are selected. I
the system fails to tune in 75 seconds, a thermal cutout will disable the tuning
cycle and prevent trangmigsion. After allowing cooling time, s new frequency
musgt be selected and the mic button pressed in order to initiate the tuning cycle
again.

During receive operation, the antenna is connected directly to an amplifier in the

accessory unit, bypassing the tuning circuits in the coupler used during tuning
and fransmit operations. The amplifier output is supplied to the receiver.
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SPECIFICATIONS

COLLINS 618T-2

CHARACTERISTIC

SPECIFICATION

Altitude range

Power requirements

Frequency range
Frequency channels
Frequency stability

Timeé required to change
channels

Transmit Characteristics.

RF power output

RF output impedance

Audio input impedance
Audio-frequency response

Distortion

Presgsure equivalent of 30, 000 feet with
externally supplied cooling air.

115 volts (line to neutral), 3-phase, 400 Hz.

- 1000 watts 115 volts, 400 Hz. single phase.

160 watts, 27.5 volts, DC, 120watts
2.000 to 29.999 MHz

28,000,

0.8 part per million per month.

8 seconds average (independent of
external antenna tuner).

SSB: 400 watts pep. 2 db,

AM: 125 watts carrier £ 1 db.
CW: 125 watts, locked key £ 1 db.
52 ohms.

80 ohms unbalanced and 600 ohms
balanced.

5 db peak-to-valley ratio from 300 to
3000 Hz.

SSB: Third-order distortion products
down at least 30 db,

AM: Less than 20 percent at 80 percent
modulation with 1000 Hz.
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SPECIFICATIONS (Continued)

COLLINS 618T-2

CHARACTERISTIC SPECIFICATION

Receive Characteristics.
Sensitivity SSB: 1 microvolt for 10 db S+N/N ratio.

- AM: 3 microvolts modulated 30 percent
1000 Hz for a 6 db S+N/N ratio.

Selectivity SSB: 2.85 KHz, 6 db down,
6.0 KHz, 60 db down,

AM: 5.5 KHz, 6 db down.
14.0 KHz, minimum, 60 db down.

AGC characteristic Maximum variation of audio putput is 6
db for input signals from 10 to 100, 000
microvolts. No overload below l-volt
gignal input.

IF and image rejection 80 db, minimum,

Audio output power 100 milliwatts into 300 ohm load.

Aundio distortion Less than 10 percent with 1000-micro-
volt input, modulated 80 percent at
1000 Hz.

Audio-frequency response 5 db peak-to-valley ratio from 300 to
3000 Hz.

Image rejection 60 db minimum below desired frequency

relative to 5 microvolt input.
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MODULE COMPLEMENT

MODULE FUNCTION
Al Frequency divider
A2 RF oscillator
A3 IF tx;anslator
A4 ~ Kilohertz-frequency stabilizer
Ab Low-voltage power supply
A6 Electronic control amplifier
AT 3 phase AC high-voltage power supply
A9 AM/audio amplifier
AlO Megahertz-frequency stabilizer
All Power amplifier
Al2 RF translator
Al2Al1 Autopositioner (submodule)
A12A2. Variable-frequency oscillator (VFO
submodule)

VOL. VI
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BLOCK DIAGRAM THEORY OF OPERATION

SINGLE SIDEBAND CONCEPT

The need for SSB communication systems has arisen because commercial and
military services need the long~range propagation characteristics obtainable

in the high frequency band. Since HF spectrum space is limited, the best possible
use of available frequencies requires communication systems with minimum band-
width., An AM signal is composed of three parts: an RF carrier frequency, upper
sideband, and lower sideband. All of the audio (Voice) information is contained in
each sideband. Each gideband merely duplicates the information of the other. The
carrier containsg no information. If one sideband and the carrier are eliminated, a
888 signal results. The SSB signal is half the bandwidth of an AM signal. A SSB
signal therefore requires only half the spectrum space for trangsmission of infor-
mation.

ipal advantages of S8B are high energy carrier elimination and narrow.

v bandwidth., A S8B trangmitter provides full rated power output in one
and while an AM transmitter provides one-fourth of its rated power in each
wo gidebands. A S8B transmitter with much less power than an AM trangmitter
will give equal performance. For the advantages of 85B communication to be fully
realized, attention must be glven to frequency stability, filter selectivity, and low
digtortion linear power amplification.

The maximum frequency error which can be tolerated in an SSB system used for
voice communication is approximately 100 Hertz (Hz). Noticeable distortion occurs
at 50 Hz or greater. Another consideration in airborne SSB equipment is Doppler
shift, due to relative motion between transmitter and receiver. At an operating
frequency of 20 MHz when transmitting from a modern jet aircraft to ground, the
frequency shift is approximately 20 Hz. This represents approximately one-half
the frequency error at which noticeable distortion occurs, placing additional re~
strictions on the maximum allowable frequency error of the SSB equipment.

To enable SSB equipment to meet frequency and stability requirements, it is
necessary to use a stable master oscillator, by which other variable frequency
Hators are stabilized. This is accomplished by comparing their output
frequency with a frequency derived from the master oscillator.

e

In 58B transceivers, the signal bandwidth must be narrow to reject interference
and the unwanted sideband. The filter used, therefore, must have a Vary narrow

and flat bandpass. These filter requirements are met by mechanical filters
which operate at a frequency of 500 KHz. These filters provide a much higher
Guallty (@) than is possible in LC circuits.

Because the SSB signal {8 a translated audio spectrum, it must be amplified
linearly like an audlo signal in order to prevent excessive distortion. In addition,
linear amplification essentially eliminates the generation of harmonics, thereby

4~8
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preventing adjacent channel interference. Class C RF amplifiers, like those used
to amplify AM signals, therefore, cannot be used in SSB transmissions. The RF
amplifiers and drivers are usually pentode vacuum tube stages operating class A.

The SSB signal is generated in the HF communication system by a filter-type SSB
generator, consisting of a balanced modulator and a very selective bandpass filter.
The output amplitude of the balanced modulator depends on the audic input amplitude.
When there is no audio input, the balanced modulator has no output.

S01KHz USB AMMAAMAAY

499KHz LSB AMAAMMWA uss muz
‘W ‘H‘M‘M‘i\‘v 501 5?3 . Uss
- ~ 499KHz LsSB
AUDIO l MECHANICAL
o o o
IF SIGNAL f};
non REINSERT

Using a 500 KHz signal as the carrier frequency and a 1000 Hz audio tone as inputs,
the output of the balanced modulator consists of the upper and lower sidebands, '
one on each side of 500 KHz,just as in an AM modulator. Unlike an AM modulator
output however, the balanced modulator contains no appreciable amount of the 500
KHz carrier component. Thus, the carrier has been suppressed.

The double~gideband, suppressed—-carrier signal (501 KHz and 499 KHz) from the
balanced modulator is fed to an upper sideband (USB) mechanical filter. The
bandwidth of the filter is 3 KHz; wide enough to pass only the modulating spectrum.
Therefore, only the upper sideband will be passed (501 KHz). Note that the SSB
signal is a sine wave, constant in amplitude, when a single~tone audio signal is
used for modulation. This SSB signal is displaced from its original carrier
frequency by an amount equal to the frequency of the modulating audio signal.

This modulated signal is heterodyned in several mixers until the selected trans-
mitter frequency has been developed.

To recover the audio signal at the receiver, the SSB signal must be mixed with

a carrier frequency which is generated at the receiver. The mixer that performs
this demodulation is called a product detector. In the example given, combining
501 KHz with 500 KHz (carrier signal) in the product detector produces a difference
frequency of 1 KHz, which is the audio signal.
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Remember that in the transmitter, the carrier is suppressed and the sideband is
transmitted. In the receiver, the sideband is received and the carrier reinserted.

TRANSCEIVER GENERAL

The transceiver is the major unit of the system. The unit is composed of 1l plug-
in modules, including an interchangeable internal high voltage power supply. The
Model 618T-2 uses a 3-phase, A-C high voltage power supply.

MODULES

The functions of the modules
are summarized below.

MODULE Al. The frequency
divide module transforms a

100 KHz signal from the RF ' ;
oscillator module to a 10 KHz ‘
pulse and a 1 KHz spectrum - \E s i@
which is centered at 550 KHz., &\— Lo

These outputs are used for

M
VFO frequency stabilization L-L_\_\\M/
in the kilohertz frequency '
stabilizer module. A 1 KHz TRANSCEIVER
cal tone is also provided.

MODULE A2. The radio frequency oscillator module contains the 3 MHz RF os~-
cillator, which is the stable master oscillator of the system. This oscillator is
used to produce three output signals: a 500 KHz signal to the IF translator for
communications, a 500 KHz signal to the Megahertz {(MHz) frequency stabilizer
to be used in stabilization of the HF and 17.5 MHz oscillators, and a 100 KHz
signal to the frequency divide module.

MODULE A3. The IF translator receives the microphone audio from AM/audio
module and a 50 KHz signal from the RF oscillator module and generates a 500
KHz SSB or AM signal in the transmit mode. This module also contains SSB IF
amplifiers and a product detector which are used in the S88 receive mode,

MODULE A4. In the KHz frequency stabilizer, the VFO frequency is phase-
locked in 1 KHz steps with the RF oscillator reference frequency from the fre-
quency divide module. This action of the KHz frequency stabilizer provides a

D~C tuning voltage for tuning the voltage-sensitive capacitors in the VFO tuned
circuits.

MODULE A5. The low voltage power supply contains a transient blanker circuit
which protects transistors in the transceiver from line voltage surges, an 18-
volt voltage regulator which provides transistor supply voltage, and a rectifier
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filter which produces 130 volts DC from a 115-volt, 400 Hz input. Voltage inputs
are 28 volts, DC, and 115 volts, AC.

am/aupio
AMPLIF I ER
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TRANSLATOR
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i F

RF TRANSLATOR
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618T-~2 MODULE BLOCK DI AGRAM

TX

MODULE A6. The electronic control amplifier receives an error signal from the

power amplifier phase discriminator. This signal is amplified and applied to a
servo motor. The motor drives a variable inductor used in tuning the power
amplifier's output network.

MODULE A7. The high voltage power supply supplied vacuum tube filament
voltages, 260 volts, DC for the tubes in the RF translator module, 1500 volts,
DC for the power amplifier module, and TGC control voltages. Voltage input
is 3-phase AC, 208 volts, phase-to-phase.

MODULE A9. The AM/audio module provides audio amplification of the micro-
phone signal in transmit mode in both AM and SSB operation. In the AM receive
mode, the module provides AM/IF amplification and audio amplification. In the
SSB receive mode, audio amplification is provided.

MODULE Al0. The megahertz frequency stabilizer module stabilizes the fre—
quency of the 17.5 MHz and HF oscillators in the RF translator by phase lock-
ing them to the 500 KHz reference signal derived from the RF oscillator.

MODULE All. The power amplifier module amplifies the selected operated fre-
quency to 400 watts PEP in the SSB mode or 125 watts carrier power in the AM
mode.
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MODULE Al2. The RF translator contains the VFO and 17.5 MHz and HF oscil~
lators with their associated transmit and receive mixers. These circuits are
used in translating the 500 KHz modulated IF signal to the selected operating
frequency in the trangmit mode and translating the received RF signal into the
500 KHz IF signal in the receive mode.

Color coded test points located on the modules permit general troubleshooting
without removing modules from the chassis. Each module is equipped with plug-
in connectors and can be quickly removed since there are no mechanical linkages
between any of the modules. Many of the potentiometer adjustments are also
accessible without removing modules from the unit. Headset and microphone
jacks, meter, and meter gelector switch are located on the front panel. Four
meter selector switch pogitions are used to check power supply voltages and
power amplifier plate current. A fifth position, "CAL TONE", is used to com-
pare the frequency of the Model 618T-2 with WWV. A 400 Hz blower is also
located on the front panel to provide forced-air cooling.

TRANSMITTER BLOCK DIAGRAM

The amplified microphone signal from the interphone system is fed into the AM/
audio module (A9) where it is amplified through three audio amplifiers. The
amplifiers provide a sidetone output for monitoring the audio. This differs from
most radio communication equipment in that sidetone is usually developed in the
transmitter output stage, or antenna circuits, and indicates that the transmitter
is radiating power. Developing a gidetone signal in the antenna circuits of the
transceiver is not possible due to the characteristics of 8SB modulation. There-
fore, a portion of the power amplifier output signal is rectified and used to ener-
gize a relay in the sidetone circuits. The closed contacts of the relay couple the
sidetone signal to the interphone system. Without sufficient RF voltages from
the power amplifier, the relay remains deenergized and no sidetone will be
heard in the operator's headset. This indirectly provides a check of transmitter
R¥ output.

The amplified MIC audio from the AM/audio module is fed to a balanced modu-
lator in the IF translator module where it is combined with a 500 KHz signal
from the RF oscillator. The balanced modulator output is the upper and lower
sidebands with no appreciable 500 KHz carrier signal.

The two sidebands are fed to the Automatic Load Control (ALC) IF amplifier. The
gain of the amplifier is controlled by a feedback signal from the grid of the power
amplifier. If the grid of the power amplifier is overdriven, it will draw grid
current and produce a negative voltage which is fed back to the ALC amplifier.

The gain of the ALC is thereby reduced lowering the drive to the power amplifier.
The power amplifier bias voltage is used also as B+ for the ALC amplifier thus
assuring no PA grid signal without bias.
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The two sideband signals are further amplified by a second IF amplifier and fed

through a mechanical filter tuned to the Upper Sideband (USB) or Lower Sideband
(LSB) depending on the mode selected on the control panel (disregard LSB which
is disabled in the aircraft wiring).

I~F TRANSLATOR MODULE

e e e
am/avoro I ALC  BIAS
MODULE |
| AUTO use
AUDIO | | BALANCED . F ]
[}— N LOAD b
AMPLS | MODULATOR CONTROL L o
5 Lsg
L 4 00 ’ 500KHz FrROM RF 0OSC
SIDETONE BOO B
[KHz
b S, A
TO RE
TRANSLATOR
MODULE
AUDITO TO b F TRANSLAT I ON SCHEME

(TRANSMIT)

When the transceiver is operated in the AM mode, the upper sideband is passed
and a 500 KHz carrier from the RF oscillator module is reinserted at the filter
output producing an amplitude~modulated RF envelope.

The signal is amplified further by a third IF amplifier. The gain of this ampli-
fier is controlled by feedback signals from the power amplifier. This is ac~-
complished by a D-C amplifier. If excessive RF power amplifier plate-voltage-
swing occurs, the Automatic Drive Control (ADC) will reduce the gain of the
third IF amplifier (Q4). ADC voltage is developed by rectifying a portion of the
amplifier plate signal. If excessive power amplifier plate current flows, the
Transmitter Gain Control (TGC) will also reduce the gain of the third IF ampli-
fier. These feedback steps are taken to insure that the power amplifier will
have a linear output.

The output of the IF translator is sent to the RF translator module where it is
translated into the selected operating frequency. This is accomplished by com-~
bining the IF signal with the signal of three oscillators.

The output of the RF translator is fed to the RF amplifier and then to the driver.

The signal output is fed to the power amplifier module where it is amplified to
400 watts, PEP in SSB mode, or 125 watts of carrier power in the AM mode.

VOL. VI 4-13



THIS ROUTE wHEN MMz KNOB ON
CONTROL PANEL 1S 7 OR ABOVE

l TRANSH 1T |
TRANSM T
RF

[
I
l
—p LF 17.5 Mz HF AMPLS DRIVER l
MIXER Mohﬁlu MIXER »aifﬂﬂkl MIXER |
T T T |
FROM VFO FROM HF 0SC ]

TRANSMIT l TRANSMIT

FROM r“_ POWER
| YO ANTENMA ¢ ]
17.5 Mz TUNING UNITS AMPLS
osc | I
| ELECTRONIC
| CONTROL
RF TRANSLATOR MODULE ~=_J AMP L

I'F TO RF TRANSLATION AND RF POWER
SCHEME (TRANSMIT)

The power amplifier has an output network which is automatically tuned as new
operating frequencies are selected. A band switch motor, controlled by the

I MHz bandchange mechanism of the RF translator, provides coarse tuning by
switching LC elements. These elements are switches in eight steps, or bands,
to encompass the frequency range of the system.
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A servo loop, composed of a phase discriminator, a servo amplifier, and an A-C
motor, provides fine tuning. The discriminator compares the phase of the RF
current in the tuned network to the phase of the PA grid signal voltage and pro-
duces a D-C error gsignal. This error signal is applied to the Electronic Control
Amplifier (ECA), converted to an A-C signal, amplified, and applied to an A-C
motor. The motor drives a variable inductor, fine tuning the power amplifier
output network. This provides resonance in the output of the power amplifier.
The output network couples the signal from the power amplifier to the antenna,
providing a 1000~-ohm load for the power amplifier. The antenna coupler matches
the input impedance of the antenna (which varies with frequency) to the output
impedance of the transmitter.

RECEIVING

The received signal is coupled from the antenna to the same RF amplifier used in
the transmit mode. The output is applied to the receive mixers. The tuned cir-
cuits of the receive mixers are the same circuits that tune the transmit mixers,
and the injection signals come from the same oscillators used in the transmit
mode, however, the process is now revergsed. The RF translator takes a re-
ceived RF signal and translates it to a 500 KHz IF signal. The input frequency
of the receive mixers is the same as the transmit mixer output frequency. Each
succeeding mixer therefore produces a new frequency until a 500 KHz IF signal
is developed at the receive IF mixer output.

The IF signal is fed to both the IF translator module A3 (SSB IF), and the AM/
audio module A9 (AMIF).

In S8B mode, the IF signal is injected into the same IF circuits used in trans-
mitting. The ALC and balanced modulator circuits are not used.

RF 7-30 MHz 6 KHz| | | ——
AMP FiL- ploeTecTi |
Ls TER AMPLS [ am |
RCV |
[ EI N I BN H Bl edifepepes | AUDIO
L AMP
RCV"“‘\‘O_ MHz | R s LS
HE MIXER | FH_} o 1oF PROD |
MIXER : TER AMPLS] PDETECT. | l
| E00 K linTERPHONE
FROM FROM FROM ljr TRANSLATOR ROM RE 035‘ SYSTEM
HF osc_  17.5 MHz osc_ VFO ,  Mopute ___TROMRROSCL

I F TRANSLATOR MODULE
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The IF output is fed to a product detector, where a 500 KHz signal from the RF
ogcillator is mixed with the IF signal (injecting a carrier). The detector pro~

duces a difference frequency, which is the audio signal. This signal is supplied
to the AM/audio module where it is amplified and sent to the interphone system.

In the AM mode, the IF signal developed by the RF translator is applied to the
AMIF strip in the AM/audio module. The signal is then coupled to a mechanical
filter. The filter has a bandpass of 6 KHz to pass both upper and lower sidebands.
The filter output is amplified by three IF amplifiers. The signal is then applied
to a diode detector, amplified, and coupled to the interphone system.

FREQUENCY GENERATION

Generating the selected operating frequency is accomplished by heterodyning
signals from four oscillators.

Th

&

RE og s::zi' lator, located in the RF oscillator module, generates a constant
ency, 3 MHz signal, which ig reduced to 500 KHz by regenerative dividers.
ig is the first signal in the frequency generating process.

The 17.5 MHz oscillator in the RF translator module also generates only one
signal, 17.5 MHz and is used at operating frequencies below 7 MHz.

The two remaining ogcillators, also located in the RF translator module, are
variable frequency oscillators. The HF oscillator varies from 8.5 through 16
MHz in 500 KHz steps, and is tuned by a band switch motor controlled from the

I MHz frequency control kncb on the control panel. The Variable-Frequency
Oscillator (VFO) varies from 3500 through 2501 in 1 KHz steps and is tuned by the
autopositioner which is supplied tuning information by the 100 KHz, 10 KHz, and

I KHz frequency control knobs on the control panel.

When an operating frequency of 5. 000 MHz is selected on the control panel, the
following signals are generated. A 500 KHz signal from the RF oscillator module
is modulated in the IF translator module. From the IF translator, the modulated
500 KHz signal is sent fo the RF translator module where it is mixed with the
VFO output in the IF mixer. The VFO output in this case is 3.5 MHz {the VFO
frequency = 3500 KHz - last three digits in control panel window, 3.5 MHz - XXX}
The mixer output ig therefore the difference frequency (3.5 MHz minus 0.5 MHz
equals 3 MHz). Since the gelected operating frequency is below 7 MHz, the out~
put of the low frequency mixer is applied to the 17.5 MHz mixer. The signal is
mixed with the output of the 17.5 MHz oscillator. The difference frequency, 17.5
MHz minus 3 MHz, equals 14.5 MHz. This signal is applied to the HF mixer.

In the HF mixer, the 14.5 MHz is mixed with the output of the HF oscillator. With
& control panel frequency setting of 5 MHz the output of the HF oscillator is 9.5
MHz. Combining 9.5 MHz with 14.5 MHz results in a 5 MHz signal, completing
the frequency generating process. The selected operating irequency is then
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generated and is ready to be amplified by RF amplifier, driver, and power amp-~
lifier and radiated by the antenna. When the control panel MHz knob setting is 7 or
“above,the H¥ oscillator output is 3 MHz plus the MHz knob setting. When the setting
is 6 or less,the setting must be subtracted from 14.5 MHz to find the oscillator out-
put. ’

MECHANICAL TUNING

The MHz frequency selector on the control panel controls a band switch motor in
the RF translator. This motor, with the associated ganged switches, changes the
LC tuning elements which coarse tune the HF oscillator, mixer, RF amplifier,
and driver stages.

The autopositioner (an automatic electrical positioning device) tunes the VFO by
mechanically driving a variable inductor in the VFO tank circuit. The mechani-
cal action of the autopositioner also tunes a 2-3 MHz variable IF strip in the out-
put circuit of the IF mixer. Fine tuning for the RF amplifier and driver stages
is also provided as the autopositioner varies reactive elements in the tuned cir-
cuits of these stages.

An electrical control system is part of each autopositioner. This control consists
of 100 KHz, 10 KHz, and 1 KHz control switches in the control panel, and electri~-
cally similar seeking switches that are driven by the autopositioner shaft in the

RF translator module. The control system is the open circuit seeking type. When~
ever the control switches and seeking switches are not set to the same electrical
position, the autopositioner is energized and drives.
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. YFO outPut= 3.5 MHz - B

. VIF = 3.0 Miz - B

FREQUENCY RULES

. A12 BAND PASS FILTER SIGNAL=14.5 MHz + B (NOT USED WHEN A IS5 7 OR ABOVE)
. HF osciuLATOR oUTPUT= A + 3 MHz (wHEN A 1S 7 OR ABOVE)

. HF 0SCIiLLATOR ouTPUT = 14.5 MHz -~ A (wHEN A 1s 6 OR BeLOW)

A+ 3 MHz

. HF 0SCILLATOR INPUT= ——— [WHEN A 15 14 OrR ABOVE. O7HERWISE

2
INPUT AND OUTPUT FREQUENCIES ARE EQUAL)

1 KHz SPECTRUM FREQUENCY LAST DI1GIT=D (THIS ANSWER MUST BE IN THE RANGE
ofF 546-555 KHz )
DIGIT OSCILLATOR OUTPUT LAST DIGIT=D (THIS ANSWER MUST BE IN THE RANGE
oF 296-305 KHz)

. A4 KEYED OSCILLATOR SPECTRUM CENTER FREQUENCYz 4.05 MHz -

or (4.05 MHz - C) ~0.01 MHz wHen D 1s 6 or aBOVE

. A4 13T MIXER OUTPUT SPECTRUM CENTER FREQUENCY = 0.55 MHz + D or

(0.55 MHz - 0.01 MHz) + D wHEN D 1S 6 OR ABOVE

A4 2ND MIXER OUTPUT SPECTRUM CENTER FREQUENCY = 0.250 MHz (wHEN D is 5
OR BELOW) OR 260 MHz -0.01 wHEN D 1S 6 OR ABOVE

. A4 Z2ND MIXER OUTPUT SPECTRUM CENTER FREQUENCY = 0.250 MHz {wrien D 1s 5

OR BELOW) o 260 MHz -0.01 WHEN D 1S 6 OR ABOVE

FREQUENCY SCHEME
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AUTOPOSITIONER CYCLE OF OPERATION

When the frequency selector switch is changed, a ground for the relay is provided
by the control system. Energizing the relay lifts the pawl out of the stopwheel
notch and closes the ground circuit of the motor. The motor drives the autopo-
sitioner shaft and seeking switches. When the seeking switches reach a point
corresponding to the new position of the frequency selector switch, the relay cir-
cuit is opened and the paw! drops into a stopwheel notch, stopping shaft rotation.
The motor circuit opens and the motor coasts to a stop, dissipating kinetic energy
in the slip clutch.

The output shaft of the autopositioner is mechanically coupled to a variable induc-
tor in the tuned circuit of the VFO. Ten turns of the output shaft tunes the VFO
through the 1 MHz frequency range 2501 to 3500 KHz.

There are three seeking switches in the autopositioner system: the 100 KHz, 10
KHz, and | KHz seeking switches. For the selected VFO frequency to be set up,
all three seeking switches must be properly positioned. Since eacu of the three
switches has ten pogitions, there are 1000 possible switch combinations, or
shaft positions.

CONTROL WIRES
TO CONTROL PANEL

STOP WHEEL

TUNING - -

SLIP
CLUTCH

OPEN CIRCUIT
SEEKING SWITCH A =

]
MOTOR - RELAY
CONTROLY

CONTACTS

O
27.5v bpc

-

SIMPLIFIED AUTOPOSITIONER SYSTEM

The 100 KHz seeking switch is geared to the output shaft of the autopositioner so
that it is moved one position for each rotation (100 KHz) of the output shaft. The
10 KHz seeking switch and stopwheel are coupled to the output shaft. The stop- »
wheel has ten notches, making each notch position 10 KHz apart in frequency. The
100 KHz and 10 KHz seeking switches are both driven by the same motor.

VOL. VI 4-19



The 1 KHz seeking switch is driven by a separate motor. This motor also drives
a gear and cam arrangement which turns the output shaft to ten intermediate
positions between each notch on the stopwheel, Each of the ten positions is a 1
KHz step. These ten posgitions, together with the 100 notch positions furnished
by the ten rotations of stop wheel, give the required 1000 positions,

The autopositioner mechanically tunes the VFO to within 2 KHz of the selected
operating frequency. In addition, precision resistive dividers which are ganged
to the seeking switches in the autopositioner submodule furnish voltage infor-
mation to the KHz frequency stabilizer module. Within this module, stabilizing
circuits will phase lock the VFO at the correct 1 KHz frequency point.

FREQUENCY STABILIZATION

The extremely hign frequency stability required by the transceiver is obtained by
uging a crystal-controlled master oscillator in the RF oscillator module., This
magter ogclllator is used to stabilize all other oscillators in the frequency gen-

erating process.

The oscillators in the RF translator module, which are used to develop operating
frequencies, are phase-locked to the master oscillator. This is accomplished by
the KHz frequency stabilizer and the MHz frequency stabilizer. The KHz frequency
stabilizer locks the VFO to the master oscillator. The 17.5 MHz oscillator and

the HF oscillator are controlled by the MHz frequency stabilizer, again phase-
locking to the master oscillator which is the frequency standard of the gystem.

The operating frequency is therefore as stable as the crystal oscillator, which is
accurate to within 0.8 part per million per month. “

TEMP -COMP LOCKED EMITTER LOCKED
CRYSTAL 3mz OSCILLATOR | S500KHz FOLLOWER 500KHz] osciiLLaToR
OSCILLATOR +6 =5
Q1, Q2, 3 Q4 w7 Q8
100 KHZ%
500KHz 500KHz 100KMz
1SOLAT I ON SO0KHz ISOLAT ION ; ; 1O0KHZI o st o
‘ 0 MEGAHERTZ
amMpPL 0B ampL Q5 FREQUENC Y ampL Q9
, BSTABILIZER MODULE
S00KHz g TO 1F TRANSLATOR 870 FREQUENCY
500 KHz MODULE BIVIDER
MODULE
RF OSCILLATOR MODULE (A2)
BLOCK DI AGRAM
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RF OSCILLATOR MODULE

The master oscillator is a 3 MHz crystal controlled oscillator. The 3 MHz
output of the master oscillator is applied to a 500 KHz locked oscillator.
Output of the 500 KHz locked oscillator is applied to two 500 KHz isolation
amplifiers and through an emitter follower to a 100 KHz locked oscillator.

An output is taken from the first 500 KHz amplifier for use by the megahertz
frequency stabilizer module. Output of the second 500 KHz amplifier is routed
to the IF translator module. The output of the 100 KHz locked oscillator is
amplified and applied to the frequency divide module.

FREQUENCY DIVIDE MODULE

This module transforms the 100 KHz sine wave input into a 10 KHz pulse and a
1 KHz spectrum centered at 550 KHz. These signals are used in the kilohertz
frequency stabilizer module to phase lock the VFO to a signal developed from
the R¥ oscillator.

The 10 KHz pulse is developed as follows: The 100 KHz input is reduced to
50 KHz by a locked oscillator. A second locked oscillator divides the 50 KHz
by five to produce a 10 KHz output. A portion of this 10 KHz sine wave is
differentiated to produce a 10 KHz pulse. This pulse is used to trigger a
blocking oscillator whose output provides the 10 KHz pulse which is coupled
to the KHz frequency stabilizer.

100KkHz 10KHz pr¥ ‘
LOCKED 50 LOCKED 10 LOCKED BLOCKING
osc =2 "‘Rﬁ}*’ 08¢ +5 | KHz 08¢ == 2 osc
10 KHZIPRF
T0 KHz
5 KHz Ji FREQUENCY
l 1 KHz STABILIZER
SPECTRUM]
SQUARING |5 KH eI 1 KH
2. | JUNCTION KEYED 0SC
AMPL PRF D[X}gﬁﬂ PR¥F KEYER 550 KHz HIH 1]”[
*
550KHz
1 KHz TONE TO AM-ag—— 1KHz
1F/AUDIO MODULE J3 SPECTRUM
FREQUENCY DIVIDE MODULE (A1)
SIMPLIFIED BLOCK DI AGRAM
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The remaining 10 KHz sine wave is reduced to 5 KHz by a divide-by-two locked
oscillator. This 5 KHz is converted to a square wave in a saturated amplifier.
The square wave is used ag the input signal to a unijunction transistor divide~
by-five stage, producing a 1 KHz pulse. The 1 KHz pulse is used to trigger

2 monostable multivibrator. The multivibrator output keys an oscillator on
and off at 1 KHz rate. The frequency of the oscillator is 550 KHz. The
oscillator output is therefore a 1 KHz spectrum-centered at 550 KHz. This
gpectrum is sent to the kilohertz frequency stabilizer module along with the

10 KHz pulse to be used in stabilizing the RF translator VFO.

The VFOfrequency is varied in 1 KHz steps. To keep the VFO frequency as
stable as the RF oscillator frequency, it is necessary to reduce the RF
oscillator output to a | KHz spectrum so that the two signals can be phase-locked.

A spectrum of frequencies 1s simply many frequencies spaced at equal intervals
over a frequency range. A short rectangular wave with a repetition rate of 1
KHz for example, is composed of a series of sine waves (harmonics) with fre-
iencies, each spaced exactly 1 KHz apart, of 2 KHz, 3 KHz, 4 KHz, 5 KHz, etc.
"he amplitude of these harmonics (spectrum points) decreases as the frequencies
get farther away from the fundamental. )

in some instances, it is desirable to use spectrum points that are so far from
the fundamental that their amplitude is too small to be useful. Suppose the

i KHz spectrum points around 550 KHz (550th harmonic) were needed. It is
possible o increase the amplitude of the spectrum points around 550 KHz by
using a rectangular 1 KHz pulse to key a free-running oscillator tuned to -
oscillate at approximately 550 KHz. It is not necessary for the free-running
frequency of the keyed oscillator to be exactly 550 KHz. The 550th harmonic
of the | KHz rectangular wave will force the oscillator to lock exactly at 550
KHz. The free~running oscillator frequency does not appear in the spectrum.
It merely determines the frequency about which the amplitude of the spectrum
points will be greatest. The amplitude of the spectrum points decreases
farther from 550 KHz.

It is important to remember that each spectrum frequency (or harmonic) is as
stable and exact as the original 1 KHz keying frequency which is developed
from the RF oscillator. The frequency of the RF oscillator would have to vary
by 3 KHz to produce a 1 Hz change in the 1 KHz keying pulse, which shows that
the RF oscillator is the determining factor in the stability of the selected
operating frequency.

KILOHERTZ FREQUENCY STABILIZER MODULE
A voltage-sensitive capacitor in the tuned circuit of the VFO fine tunes the VFO

according to the D-C funing voltage developed by the kilohertz frequency
gtabilizer frequency and phase discriminators.
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The inputs to the phase discriminator are two 250 KHz IF signals. One is the
VFO frequency that has been heterodyned to 250 KHz (signal IF). The other is
the RF oscillator frequency that has been heterodyned to 250 KHz (reference 1F).

546-555 KHz 250 KHz 250 KHz

250 KHz l SIGNAL
VFO [WPUT O o FIRST -—L SECOND 1} ') "FILTER |bol AMPLS
MIXER MiXER 8 KHz BW ' F
2501-3520 KHz Z
3050-4050 KHz— b 296-305 KHz ‘J
KEYED DIGIT
10 KHz o8 10 KHz - o
KEYER 0scC sc
PULSE FROM FREQ PHASE
FREQ -~ MODULE 3 DiIsc B DISC
o——10 KHz anD 100j
KHz DC cowt SROM —296-305 KHz
1 KHz oc o—AUTQPOSITIONER 250 KHz 250 KHz
CONT FROM
AUTOPOS I T | ONER REF 250 KHz REF IF
O 1 KHz SPECTRUM—B .\ o [ FILTER b 0o
FROM FREQ —>- 0.8KHz BW
MODULE

BC CONTROL TO VFO <

KHz FREQUENCY STABILIZER MODULE (A4
SIMPLIFIED BLOCK DIAGRAM

The phase discriminator output is a D~C error signal. This error signal "pulls"
the VFO frequency, by tuning the voltage sensitive tuning capacitors in the VFO
tuned circuits, until the two signals are phase locked.

To develop the 250 KHz signal, the VFO gignal is mixed with a spectrum
of frequencies 10 KHz apart which is centered approximately 550 KHz higher in
frequency than the VFO. As the VFO is varied from 3500 to 2501 KHz, the
center of the 10 KHz spectrum moves from 4050 to 3050 KHz. This 10 KHz
spectrum is derived from the 10 KHz pulse, from the frequency divide module,
from which a multivibrator produces a rectangular pulse to key an oscillator.
The free-running frequency of the keyed oscillator is approximately 550 KHz
higher than the VFO. The keyed oscillator is tuned by a D-C voltage applied
to a voltage-sensitive capacitor. The tuning voltage is varied by the auto-
positioner as the 10 KHz and 10 KHz frequency control knobs on the control
panel are varied. A regulated D-C voltage is applied to a precision resistance
bridge which serves as the source of tuning voltage for the keyed oscillator.
Rotary switches, driven by the autopositioner, select different voltage points
on the bridge as the selected operating frequency is varied. 100 D-C voltages
are possible to tune the keyed oscillator to any one of 100 possible operating
frequencies between 3. 05 and 4.05 MHz. The operating frequency of the keyed
oscillator can be determined by subtracting the 100 KHz and 10 KHz knob digits
on the control panel from 4.05 MHz. (KO = 4,05 MHz - 0. XX0).
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In the example previously used, when an operating frequency of 5, 000 MHz is

selected on the control panel, the VFO frequency is 3500 KHz and the keyed
ogceillator spectrum is centered at 4050 KHz.

slizing the VFO output and the keyed oscillator signals produces a spectrum
output from the first mixer containing frequencies spaced 10 KHz apart and
centered around 550 KHz. This signal is combined in a second mixer with a
signal from a free-running digit oscillator. The digit oscillator output is

a single frequency which is varied by the 1 KHz frequency control knob on the
control panel.

The digit oscillator is also tuned by a voltage-sensitive capacitor. The tuning
voltage is derived from another precision resistive divider in the autopositioner.
The oscillator generates ten signals which are 1| KHz apart, from 296 to 305 KHz.
The last digit on the control panel always matches the last digit of digit oscillator
requency within 8 range. With 5.000 MHz selected on the control panel, the

t egeillator output frequency is 300 KHz., The 550 KHz spectrum from the

t mixer ig combined with this signal in the second mixer. The mixer output
another spectrum of frequencies spaced 10 KHz apart but centered around 250
#Hz. This signal is passed through a mechanical filter. The filter has a band
pass of 8 KHz to ingure that the 250 KHz spectrum point will be passed, and
gpectrum points 10 KHz away will not pass since the filter bandwidth extends

only 4 KHz on each gide of 250 KHz.

Variations of the signal IF frequency result from VFO frequency changes.

er amplification by IF amplifiers, the 250 KHz signal is supplied to the
irequency digcriminator. The frequency discriminator output pulls the VFO
signal, bringing the signal IF frequency closer to 250 KHz and within the capture
range of the phase discriminator. The VFO is pulled to within ¥ 200 Hz of the
exact frequency by the frequency discriminator.

T'o provide a reference IF signal for the phase discriminator, the 1 KHz
ectrum centered at 550 KHz from the frequency divide module is mixed with
the digit oscillator output of 300 KHz in the reference mixer. The mixer output
is a |l KHz spectrum centered around 250 KHz. This signal is passed through a
cryatal filter which has a bandwidth of 0.8 KHz. The mixer output frequency of
2560 KHz is passed, but spectrum points 1 KHz away do not pass since the

iilter bandwidth extends only 400 Hz on either side of 250 KHz.

The digit oscillator does require stabilization. Any digit oscillator error is
cancelled since the oscillator output is common to both the reference IF and
the gsignal IF. However, the digit oscillator must not vary more than ¥ 200
Hertz from its proper frequency for the signal IF to function properly. If these

limits are exceeded, the frequency discriminator will see the error and correct
ihe VIO erroneously,
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There are now two 250 KHz IF signals to be applied to the phase discriminator.
These signals are the reference IF developed from the RF oscillator signal and
the signal IF developed from the VFO signal The 250 KHz signal IF is first
applied to the frequency discriminator., If a large frequency error exists, the
D-C error signal developed by the frequency discriminator tunes the VFO,
bringing the signal IF frequency within range of the phase discriminator. The
phase discriminator control voltage overrides the frequency discriminator
control voltage to phase-lock the VFO to the RF oscillator signal.

The HF oscillator and the 17.5 MHz oscillator also have voltage-sensitive
capacitors in their tuned circuits. The tuning voltage for the capacitors comes
from a diode detector. The signal into the diode detector is a combination of
three 1| MHz IF signals obtained by mixing the oscillator outputs with a 500 KHz
spectrum. This spectrum is derived from a 500 KHz gignral from the RF
oscillator module., The amplitude of the sum of these three 1 MHz signals is
proportional to the phase error of the ogcillator, Since each oscillator has
similar control circuit, stabilization of only the 17.5 MHz oscillator is des-
cribed here.

DEVELOPING THE 500 KHz SPECTRUM. A square wave is developed from the
500 KHz signal from the RF oscillator. A differentiating network produces a
pulse from the square wave. This pulse is used to {rigger a spectrum generator.
A ringing circuit in the output of the spectrum generator produces a 500 MHz
spectrum centered at approximately 7 MHz and extending from 500 KHz to 25 MHz
and beyond.

When this spectrum is mixed with the 17.5 MHz oscillator output, the mixer
output will contain a ! MHz signal derived from the 1 MHz spectrum frequency
(2nd harmonic) of the input spectrum. Since the spectrum extends from 0.5
to 25 MHz, a second I MHz IF gignal is obtained by mixing the ogcillator
frequency (17.5 MHz) with the 16.5 MHz spectrum frequency. The third 1 MHz
IF results from mixing the oscillator frequency (17.5 MHz) with the 18.5 MHz
spectrum frequency. If the oscillator frequency varies from 17.5 MHz the
frequency of the second and third IF signals change by the same amount.

If, for example, the ogcillator frequency increases by 200 Hz, mixing the
oscillator output with the 16.5 MHz spectrum point will produce an IF signal
of 1. 0002 MHz. Mixing the oscillator output with the 18.5 MHz spectrum
point results in an IF signal of 0.9998 MHz.

Combining the first IF signal (I MHz) with the two developed by mixing will
result in a varying amplitude signal which is somewhat similar to amplitude
modulation. The output of the diode detector will therefore vary, causing the
frequency of the 17.5 MHz oscillator to vary because the detector output tunes
the voltage sensitive capacitor in the oscillator tuned circuit. The oscillator
frequency will tend to swing back and forth above and below its lock~in frequency.
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This action will occur regardless of whether the oscillator frequency increases
or decreases, since spectrum frequencies above and below the oscillator
frequency result in one IF signal increasing in frequency as the other decreases.

17.5 MHz raoM O—— MIXER T MHz sy DET ECTOR f—@—e——i DC
17.5 MHz osc IFAMPLS CONTROL TO
? LEVEL 17.5 MHz
0s¢
- T
r—sjauanina] [OITEERC] forccrmum LT
AMPL GEN TEVEL
FROM NETWORK |
RF 0SC * DETECTOR
1 MHz
8.5-16 MHz FROM HF 0SC O— MIXER I'F ampLs [ PETECTOR f—&—p- DG
CONTROL TO
HF 0S¢
MEGAHERT Z FREQUENCY STaABILIZER MODULE
(A10)SIMPLIFIED BLUOUCK DI AGRGAM

When the oscillator is on frequency (phase-locked), the three signals are all

I MHz. The vector sum is therefore a constant-amplitude signal, producing a
steady D-C voltage as the detector output, keeping the oscillator tuning and
frequency constant. However this example is exagerated for simplicity. The
term '"phase-locked' implies the oscillator cannot drift even in degrees.

When the 17.5 MHz oscillator is exactly on frequency (phase locked) the three
IF signals are as shown with the mixed signals 180 degrees out of phase.

1 MHz = 18.5-17.5

!

T MHz=17.5-16.5

MIXED SIGNALS
CANCEL

1 MHz FROM SPECTRUM

IF SIGNALS

+Tv
De

ov

CONSTANT LEVEL
RESULTS FROM

1 MHz fFroOM

5P ECTRUM

DETECTOR
OUTPUT

When the oscillator drifts a few degrees in one direction the mixed signals
add to the spectrum 1 MHz signal causing the detector output to increase,
providing correction to the oscillator. Opposite oscillator drift causes the

composite IF signal to reduce in amplitude reducing the detector output pro-
viding correction to the oscillator.
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oV

IF SITGNALS DETECTOR
AITDING OUTPUT

A unijunction transistor is placed across the output of the detector. If the
detector output exceeds a certain value (this will occur when the oscillator has
a very large frequency error), the transistor conducts, shorting the detector
output to zero. This permits the detector output to build up again, resulting
in a sawtooth recycle voltage at a frequency of approximately 2 KHz until the
oscillator locks in.

46.9v

pe

ov
VP F ST GNAL DETECTOR
CANCELLING QUTPUT

The recycle voltage insures that the oscillator will sweep across its lock=-in
point during periods of oscillator unlock.

ANTENNA TUNING SYSTEM

The antenna coupler and accessory unit form an antenna tuning system to auto-
matically tune the tail-cap~type antenna for each operating frequency. The
tuning system cancels antenna reactance and matches the impedance of the
antenna to the transmitter. The system selects the proper capacitive or in-
ductive reactance necegsary to cancel the capacitive or inductive reactance of
the antenna. This changes (tunes) the electrical length of the antenna until

it appears resistive. When the reactive components have been cancelled, the
system then matches (loads) the antenna impedance to the output impedance of
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the transmitter. When system No. 1 is keyed, a ground is applied to the coil

of a keying relay in the coupler accessory unit No. 1. The relay coil is supplied
28-volt, D~C power through contacts of the deenergized interlock relay in
coupler accessory unit No. 2. Contacts of the keying relay supply 28-volt,

D-C power to transmit relay No. 1 in the lightning arrestor unit. The transmit
relay contacts connect the transmitter RF signal from system No. 1 to the
antenna. The relay also completes the coil circuit of the interlock relay in the
antenna accessory unit No. 1. Contacts of the interlock relay open the key line
of system No. 2 to prevent simultaneous keying of the systems.

The interlock relay contacts also open the coil circuits of the No. | and No. 2
receive relays in the lightning arrestor relay unit. The receive relays dis-
connect the antenna from the receivers and ground both receiver inputs. Thig
prevents the high-level transmitter RF energy from entering the receiver
circuits. When the key line ground is removed, the relays of accessory unit

No. 1 deenergize and power is applied to the receive relays in the lightning
arrestor relay unit. The relays energize to remove the ground from the
receivers and connect the antenna. Thig permits simultaneous use of the
receivers. The interlock circuits for system No. 2 operate in a similar manner,
using the relays of accessory unit No. 2.
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volume Vi chapter 5

VHF COMMUNICATION

GENERAL

Two Very High Frequency (VHF) radio communication systems are used
to transmit and receive voice communications. They are used primarily
to contact airport control towers for takeoff and landing instructions and
for enroute reporting. They are capable of communications over line-
of-gight distances only, therefore, range for air-to-ground communi~
cations is limited by aircraft altitude.

AIRCRAFT INSTALLATION

Power requirements and locations are shown on the aircraft installation
drawing.

The primary components are as follows:

@ vTransceiver WILCOX 807
e Control Panel WILCOX 97650-100
e Antenna TRANSO 23070-5

Interchangeable components are as follows:

@ Transceiver COLLINS 618M-IC
® Control Panel COLLINS 313N2
® Antenna COLLINS 522-1135~012
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SYSTEM OPERATION (only one system is discussed)

The combination VHF COMM/VHF NAV control panel provides the necessary
controls for operation of the VHF communication equipment. These controls
are power (PWR) on-off, frequency selection, received audio volume control,
and communications (COMM) test.

COMM TEST BUYTTONW

VHF COMM VHF NAY
116.000 108,000 l
PWR vzzuu@*zs‘r

F’OVER-—/ L‘] mzZ \—SELEE?ODRG:(ZNOB

ON=-0FF SEI;‘!‘;%:OR VOLUME
CONTROL

The power switch activates the system. Frequency selection is made by the
1 MHz and 25 KHz selector knobs. The selected frequency appears in the dial
window. The headset volume is adjusted by the volume control. The COMM
TEST button, when pressed, allows noise to appear in the headsets. This
provides a go-no-go check of the receiver.

With the system activated and the proper frequency selected, transmission
is provided by selecting the desired system on the interphone rotary selector
and pressing the mic button. Reception is provided by releasing the mic
button.
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SPECIFICATIONS

WILCOX 807
CHARACTERISTIC SPECIFICATION
Power requirements 279.5V DC + 10 percent; ~ 20 percent

Frequency Range
Transceiver 116. 00 to 149. 975 MHz

Number and spacing of

channels

Transceiver 1360 channels 25 KHz, apart
Channeling time Less than 4 secoﬁds
Frequency selection ARINC (2 out of 5 wire)
Output impedance 52 ochms
Transmitter output power 25 watts, minimum
Type of emigsion A3, A0
Type of modulation Amplitude, high level
Audio imput impedance 100 ohms
Sidetone level 100 MW into 200 or 500 ohms

at 100 percent modulation

Sensitivity 3 microvolts for 6 db at 1000 Hz

30 percent modulation
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SPECIFICATIONS-

COLLINS 618M-1 ()

CHARACTERISTIC

SPECIFICATION

Power requirements
Frequency range

618 M-1

618M~1A
618M~1B
618 M=~1C
618M~1D

Number and spacing of
channels

618M-~1

618 M~1A

618M~1B

618M-1C

618M-1ID
Channeling time
Frequency selection

QOutput impedance

Transmitter output power

27.5 V DC + 10 percent; - 20
percent

118.00 to 135.95 MHz

116, 00 to 149. 95 MHz
118.00 to 135. 975 MHz
116. 00 to 149. 975 MHz

116.00 to 135.95 MHz

360 channels 50 KHz apart
680 channels 50 KHz apart
720 channels 25 KHz apart
1360 channels 25 KHz apart
400 channels 50 KHz apart
Less than 4 seconds
ARINC (2 out of 5 wire)

52 ochms

25 watts, minimum
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SPECIFICATIONS (continued)

COLLINS 618M-1 ( )

CHARACTERISTIC SPECIFICATION
Type of emission A3, AO
Type of modulation Amplitude, high level
Audio input impedance 150 ohms
Audio output impedance 600 ohms
Sidetone level 160 MW 90 percent modulation
Sensitivity ‘ 4 microvolts for 6 db at 1000 Hz

BLOCK DIAGRAM THEORY OF OPERATION

TRANSMITTER

A multi-channel VHF transmitter consists of a number of oscillators, mixers,
and amplifiers. Combinations of oscillator frequencies provide all possible
transmit frequencies. The selected operating frequency signal level from the
final mixer stage will be raised by RF amplifiers to the specified power output.

An audio modulating signal is supplied from a microphone through the inter-
phone system to the transmitter modulator circuits. The modulator circuits
provide the signal amplification necessary to fully modulate the Radio Fre-~
gquency (RF) carrier. The modulated RF carrier output is routed through a
low pass filter, which suppresses harmonics and prevents transmission of
spurious signalg, to the antenna for radiation. A portion of the modulated RF
output is detected, amplified, and routed to the interphone system as side-
tone. The sidetone signal gives the operator an indication of transmitter
operating condition.
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FREQUENCY Ref MODULATED AMPLITUDE
GENERATING |——8 AMPLIFYING |———B1 POWER AMPL — MODULATED
CIRCUITS CIRCUITS CIRCUITS VHF OUTPUT

.

MODULATING
CIRCUITS

auoio (voice) —®
INPUT

BASIC TRANSMITTER

There is always definite relationships between the operating frequency,
selected at the control panel, and the transmitter oscillators and mixers out-
put frequencies. These relationships can be stated as simple rules. The
WILCOX 807 transceiver series will be used as a typical example to demon~-
strate the frequency selection scheme. The 807 transmitter section uses

five crystal-controlled oscillators, a frequency doubler, an injection ampli-
fier, and three mixers in its frequency generating system. Frequency se-
lection is accomplished by switching diodes controlled by the remote control
panel using the 2 out of 5 wire grounding scheme per ARINC wiring specifications.
The injection and RF amplifier stages are tuned to the correct frequencies by’
varactors (voltage variable capactors). Output of the frequency generation
system (carrier frequency) is amplified in succession by the RF amplifier, RF
exciter amplifier, driver amplifier, and power amplifier. The ocutput of the
power gmplifier (25 watts minimum) is applied to the antenna. Voice input
signals uged to modulate the transmitter carrier are amplified to the required
level by the modulator amplifier stages and used to modulate the RF carrier at
the power amplifier stages. The transmitter output is filtered by the low-pass
filter and monitored by the integral sidetone circuit.

The "Transmitter Block Diagram' shows ranges of frequencies for the oscillators
and mixers. However, for a particular transmitter channel, only one specific
frequency within each range is present at each point in the frequency synthesis
sceme,
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For transmitter frequency synthesis, frequency selection is accomplished by
switching the tens oscillator "on' or "OFF," switching between the two units
oscillators (high and low), and by switching crystals in each active units, tenths,
and hundredths OSCILLATORS. Crystal switching functions are performed by
diodes acting as solid state switches. A total of 35 crystals are used in the
transmitter frequency synthesis

The tens oscillator output is 10 MHz in transmit operation. It is ""on" when the
selected transmit frequency is 11X, XXX (X's denote insignificant digits) or

14X, XXX MHz. It is OFF when the selected frequency is 12X, XXX or 13X. XXX
MHz.

units (C)q crewtus (D)
Tews (B) /\ uworepeTHs (E)

H
HUNDR EDS (A)7 \ T THOUSANDTHS (F)
’a B A ¥ \s Y 0O or 5 ownLy

113 bxllxlx|x

CONTROL PANEL
FREQUENCY DISPLAY

Rule 1 - Tens oscillator output equals 10,0 MHz when B is 1 or 4.

Rule 2 - Tens oscillator "OFF'" when B is 2 or 3.

Either the high units or the low units oscillator is selected for operation,
dependant upon the frequency gelected at the control panel. For selected
frequencies between 11X, XXX and 12X.XXX, the low units oscillator is active.
Even though either the high or low units oscillator is activated by the tens digit
(B), their actual frequency is determined by the units digit (C).

Rule 3 - Low units oscillator output equals 52.45 MHz + C/2 when "B'" is 1 or 2.

Rule 4 ~ Low units oscillator "OFF" when B is 3 or 4.

Rule 5 - High units oscillator output equals 57.45 + C/2 when "B" is 3 or 4.

5-8 VOL. VI



Rule 6 - High units oscillator "OFF'" when B is 1 or 2.

uniTs (C) ventus (D)
TENS (B)] ] \ \Huuonzoms (E)

Hunoreps (A)- « THOUSANDTHS (F)

4 / i \ \ 0 or 5 ouLy
1125 X|X]|X
CONTROL PANEL
FREQUEHKCY DISPLAY

The active units oscillator frequency is doubled and applied to the first injection
mixer where it is mixed with the tens oscillator output. The output of the first
injection mixer is applied to a tracked filter, which is varactor tuned to select
the difference frequency when '""B" is 1, to select the doubled units oscillator
frequency when "B'' is 2 or 3, and to select the sum frequency when '""B'" is 4.
The frequency selected by the tracked filter is amplified and applied to the
third injection mixer.

The tenths oscillator operates at one of ten crystal controlled frequencies over
a range of 19.70 to 20.6 MHz in 100 KHz steps. The frequency of this oscillator
is controlled by the tenths digit (D).

KTENTHS (D)

A\l

112153 |X|X

CONTROL ANEL
S PL

P
FREQUENCY DI AY

Rule 7 - Tenths oscillator output equals 19.7 + D,
Example: 19.7 + .5 equals 20.2 MHz.
The output of the tenths oscillator is applied to the second injection mixer,
The hundredths oscillétor operates at one of four crystal controlled frequencies
over a range of 4.525 to 4.600 MHz in 25 KHz steps. The frequency is con-

trolled by the last two digits (E hundredths and F thousandths) of the selected
operating frequency.
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Rule 8 - Hundredths oscillator output equals 4.6 - EF
Example: 4.6 - .025 equals 4.575 MHz.

The output of the hundredths and tenths oscillators are mixed in the second
injection mixer. A varactor controlled tracked filter in the mixer output
selects the difference frequency which is applied to the third injection mixer
where it is mixed with the combined outputs from the tens and units oscillators.
The sum of the two signals is selected by a tracked filter and is within the
frequency range of 116. 00 to 149.975 MHz (the selected operating frequency).
The carrier frequency is then amplified by the RF amplifiers, voice modulated,
and transmitted.

RECEIVER.

A VHF superhetrodyne receiver must have amplifiers, oscillators, mixers,

and a demodulator. The oscillator injection frequency must be offset from the
received frequency by an amount equal to the Intermediate Frequency (IF).

This offset can be accomplished with one or more oscillators and mixers (single
conversion, dual conversion, etc.). Because of this offset, the receiver frequency
scheme must differ from the transmitter frequency scheme.

‘I'he received signal from the antenna, in a typical multi~channel VHF receiver,
is applied to the RF circuits where it is filtered, amplified, and sent to the
first mixer. Also into the first mixer is an injection frequency, from a tunable
oscillator, that is offset from the received frequency by some amount (LF).
Most receivers use two or three frequency conversion stages, thus two or
three IF's, for image frequency rejection. The output of each mixer goes
through frequency selecting filters and one or more stages of IF amplification.
The IF filter and amplification stages determine the receiver bandpass
{selectivity). The output of the final IF stage is demodulated and the resulting
audio is amplified and routed through the control panel volume control to the
interphone and/or headphones or loudspeakers. The output of the final IF stage
is also detected to create a D-C voltage, proportional to received signal
strength, which is used as degenerative feedback to the RF and IF amplifier
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stages, to control overall receiver gain, This signal is called Automatic Gain
Control (AGC). Communication receivers generally have quietening (sequelch)
circuits to eliminate noise during periods of no signal reception.

ANTEMNA AGC

l

MIXING AND DETECTING AUDIO AUDIO
RE CIRCUITS Jo gl b AMPLS CIRCUITS el AMPLIFY NG
CIRCUITS CIRCUITS
i !
FREQUENCY
TUKING GENERAT ING
CONTROL WIRES CIRCUITS AUDIO OUTPUTS
REMOTE TUNING
DATA FROM
CONTROL PANEL BAS |t C RECEIJIVER

Ag with the transmitter, there is always definite relationships between the
operating frequency, selected at the control panel, and the frequency of the
receiver's oscillators and mixers. These relationships can also be stated in
rules. The receiver portion of the Wilcox 807 transceiver series will be used
as a typical example.

The 807 receiver section is a crystal controlled, triple conversion receiver,
To achieve triple conversion, it uses six crystal controlled oscillators (a total
of 36 crystals are used in the receiver), a frequency doubler, an injection
amplifier, and five mixers. The conversion system produces a Variable IF
(VIF) of 15.1 to 16,075 MHz, a fixed IF of 3.5 MHz, and a second fixed IF of
455 KHz. Following the conversion circuits are three IF amplifiers, an audio
detector, AGC control circuit, squelch circuit and noise limiter, and a three
stage audio amplifier.

For receiver frequency synthesis, the oscillator crystal selection is accomplished
by two-out-of-five wire digital binary (ARINC wiring specification) information
controlling diodes which act as solid state switches,

Basically the receiver injection frequency generating scheme is the same as
the transmitter carrier frequency generating scheme. The tens oscillator is
switched "on'" or "OFF", either the high or low units oscillator is active,
crystals are switched in each of the active units, tenths, and hundredths
oscillators. Varactor tuned filters, rather than mechanical tuning capacitors,
are used in the RF and injection stages. The rules for the receiver frequency
scheme are the same as the rules for the transmitter. However, the actual
frequencies involved will be different to account for the required IF offset.
With reference to the selected frequency on the control panel we see that
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there are the following frequency rules:

Rule 1 - Tens oscillator output equals 9.999 MHz when "B'" is 1 or 4.

Rule 2 -~ Tens oscillator "OFF'" when "B" is 2 or 3.

Rule 3 ~ Low units oscillator output equals 52.45 MHz + C/2 when "B" is 1 or 2.
Rule 4 - Low units oscillator "OFF' when "B" is 3 or 4. |

Rule 5 - High units oscillator output equals 57.45 MHz + C/2 when "B" is
Jor 4.

Rule 6 - High units oscillator "OFF'" when "B" is 1 or 2.
Rule 7 - Tenths oscillator output equals 10.101 MHz + "D,

Rule 8 - Hundredths oscillator output equals 8.499 MHz + "EF'.

units (C) TENTHS (D)
Tens (B) HUNDREDTHS (E)
HUNDREDS (A)7 ] \ « THOUSANDTHS (F)

74 / i i \ 0 or 5 owLy
T1215]X]|X]|X
CONTROL PANEL
FREQUENCY DISPLAY
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I. volume VI chapter ¢

UHF COMMUNICATION SYSTEM

GENERAL

Two complete and independent systems are installed providing the air crew
with UHF radio communications with other aircraft or ground facilities.

These systems, because of their operating frequencies, will be subject to
line-of-sight characteristics and the maximum range will depend on the

altitude of the aircraft.

AIRCRAFT INSTALLATION

The aircraft installation diagram will show locations and general cabling of
the systems components. Those components are as follows:

e Transceiver RT-641/ARC-90
e Control Panel C-3894A/ARC-90
® Antenna Coaxial Switch SA~521/A

e Antenna AT-256A/ARC

@ Antenna Selection Panel

SYSTEM OPERATION

Since each system is independent of the other, operation of only one
system will be discussed.

VOL. VI 6-1
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The three position toggle
switches on the antenna UHF~1 UHF ANT SWITCHING uHF-2
selector panel will deter- g TOP

mine the antenna used for AUTO
transmission and reception. BOTTOM
(Automatic antenna selection
has been disabled.)

The control panel provides
the transceiver with all the required operational data.

The@knob on the control panel, when set to "MAIN'", activates the main re-
ceiver. Knob adjusts the volume of the receiver audio to the interphone
system. To receive and transmit the interphone rotary switch must be set
to the UHF system being operated.

The main receiver and transmitter sections of the transceiver are always
tuned to the selected frequency. Three modes of frequency selection are
possible with knob @ .

With knob @ in "MANUA.L' position the @ knobs are activated permitting
manual frequency selection. Do not select below 225. 00 with the five manual

knobs.

The operating frequency appears in the @ windows. With the @ knob in
"PRESET" position the @ knobs are inoperative and the @ knob is in control,

The @ knob has channel numbers, not operating frequency, appearing in the
PRESET window. Twenty channels are available. (The operating frequency of

VOL. VI 6-3



each channel may be changed from the bottom side of the control panel.)

With the @ knob set to "GUARD'" position the main receiver and transmitter
are tuned to the "guard" or "emergency" frequency. No channel or frequency
display occurs in this mode.

The "BOTH" position of knob activates an additional guard receiver which
ig permanently tuned to the emergency frequency. Knob also affects the
guard receiver volume. The operation of this receiver does not affect or is
not affected by any other operation of the control panel. However both receivers
are disabled during transmission. Both receivers and the transmitter are
disabled during tuning. When the operator changes frequency or channels by
any mode the transceiver tuning is started. Transceiver tuning is indicated to
the operator by a 400 Hz audio tone in the headsets. When the tuning cycle is
completed the tone ceases. Transmission is provided by pressing the inter=-
phone mic button and speaking into the microphone. Releasing the button pro-
vides reception.

NOTE: Knob must be set to position 10 for full transmission power. This
knob's function will be discussed in detail in Specifications and Block
Diagram Operation sections of this chapter.

With the tone button cover removed, tone transmission is accomplished by
pressing the bution.
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SPECIFICATIONS

ARC-90 UHF RADIO COMMUNICATIONS SYSTEM

CHARACTERISTIC

SPECIFICATION

Number of Channels
Number of preset channels
Frequency accuracy and
stability:

Main receiving system

Transmitting system

( With external modem)

Guard receiver

Channel tuning time

Frequency range

Channel separation

Carrier output power

Power output control

Receiving system bandwidth

(Internal modem)
(External modem)

Transmitting system bandwidth

(Internal modem)

(External modem)

Main receiver RF gain

3500

20 on preset drum
1 on guard channel

t5,6KHz
t3, 6KHz
1600Hz

t5. 0KHz

6 seconds (maximum)

225.00 to
399.95 MHz

50 KHz

30 watts (minimum)
internal modem

75 watts (minimum)
external modem

0 - to 86-db atten-
uation in 10 steps

44 KHz (minimum)
at g db
10 MHz at ¥3 db

8 KHz (minimum)
at lL3 db
10 MHz at £3 db

25 db (minimum)
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SPECIFICATIONS (continued)

ARC-90 UHF RADIO COMMUNICATIONS SYSTEM

CHARACTERISTIC SPECIFICATION
Noise figure 6 db
Main receiver sensitivity 3 UV
(for 10-db S+N/N ratio) '
Guard receiver sensitivity 3 UV
(for 10~db S+N/N ratio)
Receiver Audio 100 MW to a

Output Power

Ambient temperature range

Maximum altitude

Equipment classification

Power requirements

Warm-up time

150 ohm load

~-55 degrees C to +71
degrees C

70,000 feet

MIL-E-5400,
Class IT

3-phase, 115 volts, AC,
400-Hz, 3A per phase

2 minutes (operational);
15 minutes (full perfor-
mance)

6-6
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BLOCK DIAGRAM THEORY OF OPERATION

Modules

The transceiver has ten modules. Below are shown the module numbers and
locations in the transceiver.

DIGITAL TO ANALOG —POWER supPpPLY TA1

7
CONVERTER 1A \ RF OSCILLATOR
GUARD RECEIVER 1AB 1A2

SYNTHES IZER 1A3

FREQUENCY MULTIPLIER— // A
MODEM—_//////A R

(MopuLATOR-
DEMODULATOR)

TRANSMITTER
1A5

MAIN RECEIVER
1A6

CHASsis 1A10

TRANSCEIVER

MODULE PURPOSES

The chassis is considered a module. The remaining nine modules plug into
the chassis for electrical interconnection and mechanical support. The nine
plug-in modules are mechanically independent of each other.

The chassis serves also as an air channel allowing forced air cooling of the
modules.

The power supply module provides the regulated and unregulated A~C and D-C
voltages required by the transceiver and Operates on a 3-phase, 400 Hz, 115~
volt, 3-amperes-per-phase input supply.

VOL. VI 61



POWER SUPPLY OUTPUT POWER TABLE

VOLTAGE (nominal) CURRENT (maximum)
450 volts, DC 600 milliamperes (MA)
250 voltg, DC 150 MA
130 volts, DC 150 MA
28 volts, DC (regulated) 500 MA
28 volts, DC (unregulated) 3'A {steady)

14 A (surge)

-95 volts, DC 60 MA
26 volts, AC, 400 Hz 0.9 amperes
6.3 volts, AC, 400 Hz 3 amperes (each output)

(two outputs)

6.3 volts, AC, 400 Hz 3.75 amperes

The digital-to-analog converter module changes digital data to tuning infor-
mation for the transmitter, main receiver, and frequency multiplier modules.
The digital data is provided by the control panel and is a function of the
selected frequency.

The RF oscillator module produces two highly accurate output frequencies of
1.999999 Mhz and 4.136363 MHz. This is accomplished by two temperature
compensated crystal oscillators. These two signals are used as standard or
reference frequencies for the synthesizer module.

The synthesizer module uses the two RF oscillator reference frequencies and
digital frequency selection data from the control panel to provide 3500 usable
output frequencies. Each frequency is dependent on control panel frequency
selection. These output frequencies are used as input to the frequency multi~-
plier module.

The frequency multiplier module multiplies the output of the synthesizer by a
factor of nine and increases the power level for injection to the transmitter or
main receiver. The frequency multiplier contains a servomechanism that
automatically tunes the module. The servo receives tuning voltage from the
digital to analog converter. The tuned frequency of this module is a function

6-8 VOL. VI



of the frequency selected at the control panel. The frequency multiplier output
is approximately one watt and is 60 MHz higher than the selected frequency.

The modem module modulates the transmitter with the interphone mic signal
during transmission. This is provided by the modulator section. The demod-
ulator section serves as the main receiver, 60 MHz IF amplifier, and detector.
During reception the main receiver signal is amplified, detected and supplied to
the interphone system. The transmit output signal, from the modem, is actually
a 60 MHz, amplitude modulated subcarrier. The level of this signal is 30 milli-
watts modulated 95 percent.

The transmitter module translates or converts the 60 MHz, AM signal from the
modem to the selected operating frequency and provides necessary amplification
to raise the power to a carrier level of 30 watts minimum. A servomechanism
automatically positions the tuned circuits within a maximum time of four
seconds. The servomechanism requires tuning information from the digital to
analog converter.

The 60 MHz, AM signal from the modem is amplified and mixed with the UHF
injection signal from the frequency multiplier. The difference frequency is the
operating frequency selected at the control panel.

The main receiver module amplifies the received operating frequency and con-~
verts it to the 60 MHz IF required by the modem. The IF output to the demod-

ulator portion of the modem is the difference of the received frequency and the
output of the frequency multiplier.

A servomechanism automatically tunes the main receiver module to the selected
frequency by using tuning information from the digital to analog converter.

The guard receiver module is a complete single~channel receiver for indepen-
dent reception of emergency communications on one frequency within the

238.00- to 248.00- MHz range. 243 MHz has been chosen as the emergency
frequency.

TRANSMIT BLOCK DIAGRAM

The interphone mic signal passes through the tone oscillator circuit to the audio
amplifier A20Ql. The amplifier audio then modulates a 60 MHz signal from an
oscillator providing a 60 MHz, AM signal. This signal is amplified by A19Ql.
The modulated signal is detected by A2Ql providing sidetone audio to receiver
audio circuits, which will be heard by the operator. The modulating signal from
Al9QI passes through the deenergized contacts of K6 in the chassis to the trans-
mitter module. However the level of this signal is varied by the control panel
"PWR" knob. This knob (switch) has ten power positions which affects the
attenuator 1AIOAL. However, only positions 8, 9, and 10 affect the attenuator

VOL. VI 6~9
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at this point. This provides three power levels to the transmitter. The signal
is applied to V1 in the transmitter module and is mixed by V2 with the output of
the frequency multiplier module 1A4. The frequency multiplier module will be
further discussed in the Frequency Generation Block Diagrams section. The
output frequency of the 1A4 is always 60 MHz above the selected frequency, thus
XXX .XX MHz + 60.0 MHz = 1A4 output. Example: 225.00 + 60.0 = 285.00 MHz.

The output frequency of V2 is the selected irequency and is amplified by the
Intermediate Power Amplifier (IPA). The V4 (PA) output is detected by the
sidetone gate detector. The output voltage of the detector passes through the
attenuator to be adjusted by the "PWR'" setting from the control panel. Since
the PA signal level is changed to three levels by the "PWR" control the sidetone
gate voltage will also have three levels. This is undesirable for the sidetone
gate relsy 1A10 KIl which must have a relatively constant voltage regardless of
"PWR'" setting. This is corrected by the attenuator adjustment. The sidetone
gate relay (Kll) in the chassis (1Al0) provides coupling of the sidetone audio
signal to the interphone system only if the transmitter power output is sufficient
for a given "PWR" setting.

The UHF output of the PA passes through the attenuator for the seven remaining
steps of the "PWR' setting, thus there are ten power output levels. The UHF
signal then passes through the energized (transmit) contacts of 1A10 K8 antenna
relay to the output (low pass) filter. This is the final output to the antenna.

GUARD RECEIVER

The 243 MHz signal passes from the antenna through the deenergized (receive)
1A10K8 to the guard receiver module. With the function knob on "BOTH" |
(guard receiver on) the signal is amplified by A22 V1 and V2 and mixed with
196.2 MHz from the tripler Al8Ql. The output of A2Ql (lst IF) is 46.8 MHz
from the local oscillator. The output of A6QL (2nd IF) is 18.6 MHz and is
amplified by four stages. The audio detector AlOQ! demodulates the IF signal.
The detected audio from AlOQL has four signal paths. The audio output level
controls the RF AGC circuits which in turn regulate the gain of the RF amp-
lifiers A22 V1 and V2. The audio output level also controls the IF/AGC cir-
cuits which in turn regulate the gain of the lst and 2nd IF amplifier circuits.
The audio output signal passes through the noise limiting circuits AlQl and
A2Q]1 to the audio preamplifier Al4Ql. This preamplifier is only turned on
when the audio output lefel from Al0Ql is sufficient to operate the squelch
circuits Al2Ql, @2, and Q3. With sufficient level the squelch circuits turn on
Al4Ql permitting the audio signal to pass. The audio level required to operate
the squelch circuits is determined by the GUARD squelch adjustment on the
front panel of the transceiver. The guard audio signal passes from Al4Ql to
Al9Ql. The main audio also passes through Al19Ql. Al9Ql is operative also in
the "MAIN' position of the control panel function knob. The guard audio signal
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is amplified by the audio power output stages, muted during tuning by 1A7KI,
and is coupled to the control panel. The volume control varies the audio level
to the interphone system.

MAIN RECEIVER BLOCK DIAGRAM

The operating frequency selected at the control panel passes from the antenna
through deenergized (receive) 1A10K8 to the main receiver module. The signal
is amplified by V1 and V2 and mixed with the Frequency Multiplier signal. The
V3 output (Ist IF) is 60 MHz and is amplified by V4. The lst IF signal is
coupled to relay IALOK7 in the chassis. The lst IF signal passes through the
deenergized contacts of the relay to a 60 MHz filter in the chassis. The output
of the filter is connected to the modem module. The 60 MHz IF is amplified by
1A9A3Q1 and mixed with 78.6 MHz. The output of A4Ql (2nd IF) is 18.6 MHz
and is amplified by three stages.

The audio detector Al0Ql demodulates the IF signal. The detected audio from
Al0Ql has four signal paths. The audio output level controls the RF/AGC
circuits which in turn regulate the gain of the RF amplifiers 1AG V1 and V2.
The audio output level also controls the IF AGC circuits which in turn regulate
the gain of the lst and 2nd IF amplifier circuits. The audio output signal passes
through the noise limiting circuits AlQl and A4Ql. This preamplifier is only
turned on when the audio output level from AlOQl is sufficient to operate the
squelch circuits AlZQl, Q2, and Q3. With sufficient level the squelch circuits
turn on Al4Ql permitting the audio signal to pass. The audio level required to
operate the squelch circuits is determined by the MAIN squelch adjustment on
the front panel of the transceiver. The main audio signal passes from Al4Ql to
Al4Q2. The main audio signal is amplified by the audio power output stages
Al3Ql and Q2. The main audio signal leaves the modem and is coupled to 1A10K3.
The deenergized contacts of K3 couples the main audio through the deenergized
(receive) 1ATK3 to the guard receiver audio mixer Al9Ql. This line also re-
ceives a 400 Hz tone from lA7TK2 during tuning. The tune tone or main audio
signal now passes through the same circuits as discussed in the Guard Receiver
Block Diagram.

SIDETONE REVIEW

During transmit the detected sidetone signal passes through the modem audio
circuits. The modem output to lA7K3 is routed to the sidetone gate relay
~1AI0K1l. If the transmitter power output is sufficient for any given "PWR"

setting Kll will energize coupling the sidetone audio to the guard receiver audio
mixer 1AS8AI9QI.

FREQUENCY GENERATING BLOCK DIAGRAMS

The entire discussion of the main receiver and transmitter was based on
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assuming the correct output frequency of the frequency multiplier module.
The following discussion will show the frequency multiplier output.

Three modules are required for frequency generation; the RF oscillator module,
synthesizer module, and frequency multiplier module.

To simplify this discussion "MANUAL" frequency selection at the control panel
will be used.

The Frequency Selection Block Diagram shows each knob (digit) controlling
switching functions in the high frequency filter section, low frequency filter
section, 12 MHz oscillator, and relay 1A3KI1.

~ The 1111111111 MHz signal from the RF oscillator module provides a 1.111111111
MHz spectrum in the outputs of A4Ql. The 4.136363636 MHz signal from the
RF oscillator Module is multiplied by 4 {16.545454544 MHz) and mixed by A3Ql
with the spectrum. This shifts the spectrum up to a usable range. The usable
spectrum range is ten simultaneous frequencies in 1.111111111 MHz steps from
22.101010101 MHz to 32.101010101 MHz. The high frequency filter selected by the
2nd digit will pass only one frequency. HF MHz = 22.101010101 + (1.111111111 x 2nd
digit). The 1.111111111 MHz signal is also divided by the low frequency harmonic
generator.

This generator is a series of multivibrators producing 0.111111111 MHz square
wave to mixer Q3. Since this gignal is a square wave its harmonic content
will be rich thus a 0.111111111 MHz spectrum. This spectrum mixes with
4.136363636 MHz shifting the spectrum to a usable range. The usable spectrum
range from Q3 will be ten simultaneous frequencies in 0.111111111 MHz steps from
4.691919191 MHz to 5.691919191 MHz. The low frequency filter selected by the
3rd digit will pass only one frequency. LF MHz = 5.691919191 - 6, 111111111 x 3rd
digit. The selected low frequency modulates the 12 MHz oscillator signal in
balanced modulator No. 1. The difference (LSB) frequency is passed by the
band pass filter. The 4th and 5th digits together chooses the crystal frequency
for the oscillator. FM Hz = 12.479797979 42 4th and 5th digit x 0.005555555).

5

The low frequency signal modulates the amplified high frequency signal in
balanced modulator No. 2 and sum frequency (USB) is used. This signal will

be amplified by A1ZQl and Q2 when the control lst digit is 2. This signal is
coupled to the frequency multiplier module. When the lst digit is 3 the balanced
modulator No. 2 output is coupled to balanced modulator No. 3 where 11. 111111111
MHz is added. This signal is then amplified and sent to the frequency multiplier
module.

"PRESET" or "GUARD" frequency selection provides the same type digital data

for the synthesizer module. The frequency multiplier module amplifies and
multiplies the synthesizer output signal by 9 providing the transmitter module
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and main receiver module with the injection frequency they require.

285 1o TRANSMITTER* 85

459, 95MHz T/R 459MHz

TO MAIN RCVR @b———-f  RELAY lag.

TA10K9 | FMHz = SYNTHESIZER
ouTPUT X § —bB

BA:DigSS N BANDPASS amps | | TRiPPLER TRIPPLER

M AMP 4
A1Q1,Q2 A2Q1 vl ve V3 v

| FREQ MULT MODULE 1A4 l
FROM SYNTHES | ZER
31.666666666 THRU 51.5555555MHz

TUNING SYSTEM

The transmitter, frequency multiplier and main receiver modules must be tuned
to the proper frequencies according to the control panel frequency selection.
These modules tune in 100 KHz steps. (50 KHz tuning is not necessary.)

The digital-to-analog converter module changes the control panel digital date

to 400 Hz output voltages. Four output circuits of the converter couple these
voltages to the three tunable modules.

“The control panel st digit (3) operates the converter lst digit relay providing
28.75 volts, AC to the first digit inputs of the three tunable modules. When
the st digit is 2, no voltage is provided. The control box 2nd digit (0 - 9)
operates a mechanical digit seeker in the converter. The seeker positions a
voltage selector switch (10 positions) providing ten possible voltages (OV thru
51.75 VAC) to the 2nd digit inputs of the three tunable modules. The 3rd and
4th digit seekers and selectors provide the same ten voltages to the 3rd and
4th digit inputs to the tunable modules.

The four voltage inputs (for a given control box selection) are summed in
summing resistor networks in each tunable module. The summed voltage to
the servo amplifier has 2000 possible voltages. However, the mechanical
tuning limits of the tuned modules permit only 1750 tuning points corresponding
to 225 to 399.9 MHz. The servo will drive in the proper direction until the null
"pot" is positioned to the proper point providing an out-of-phase voltage amp-
litude cancelling the summing network voltage. The servo motor also positions
the tuning components in the module. :
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DIGITAL TO ANALOG CONVERTER MODULE 378.9(ExAMPLE)
OME OF THREE

TUNABLE 47TH DiGIT
MODULES SEEKER
! 51.75v
1 p O t
L. O
¥ C’
20MEG o
o
0 o o
-i- Py 40.25v
'3RD DIGIT
lSEEKER | 34,5y
19§ —®
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200K | 40 ¢
230
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RADIO COMPASS SYSTEM

GENERAL

Two complete and independent Automatic Direction Finder (ADF) systems
are installed on the StarLifter. Each system provides automatic or manual
radio direction finding as an aid to navigation. During radio compass
homing the system supplies continuous visual relative-bearing to a selected
ground radio station with respect to the aircraft heading. The position of
the aircraft can also be determined by triangulation. Each system may
also be used as a standard broadcast receiver.

MAGNETIC NORTH
REFERENCE

STATION A
s .

STATION

B

STATION KNOWN
TO BE LEFT
OF COURSE

STATION KNOWN
TO BE RIGHT
Of COURSE

DETERMINING POSITION
OF AIRCRAFT
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ADF CONTROL PANEL

TUNE MAX FREQUENCY

PILOT'S STATION
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AFT INSTALLATION

-.aponents of one system are as follows:

® Receiver ' DFA~T3A

& Loop Antenna LPA-T3A

® Sense Antenna SK1707D

® Control Panel CNA-73B

® Antenna Coupler CUA-T73A~300
® ADF Control Transfer Panel 3K90009

® Quandrantal Error Corrector QCA 73E

All circuit breakers are at the navigator's station on the avionics circuit breaker
panel.

Systerm components, cabling, power requirements, and locations are shown in
the following diagrams.

SYSTEM OPERATION (Only one system is discussed)

Control Panel

A band selector switch allows selection of the desired frequency band. The
frequencies are displayed in the frequency window. The tuning knob varies the
receiver frequency within each band. Exact tuning on a station is indicated by
maximum pointer deflection of TUNE~-MAX. meter. A VOICE-CW switch allows
selection for the type of received signal. A volume control concentric with the
function selector switch, varies the audio output level of the receiver to the
interphone system. A five position function selector switch is used to energize
the system and selects the mode of operation.

In the "ADF" position the system uses the sense and loop antenna signals to pro-
duce automatic bearing information. In "ANT" position only the sense antenna

is used and the system provides standard radio reception. Normally "ANT" mode
is used for exact tuning to a station before selecting "ADF" or "LOOP" modes.

In "LOOP" position only the loop antenna is used and the system provides manual
direction finding. The left-right (L-R) LOOP switch is used to effectively rotate
the directional characteristics of the loop antenna. Relative bearing to the se~
lected ground station will be indicated on the BDHI. A dip on the TUNE-MAX
meter will indicate loop antenna null at either of two bearings. This mode is not
recommended for direction finding. The "TEST' position provides a method of
self-test for the system. When the switch is held in this posgition, simulated ADF
signals cause a reading of 0 degrees on the receiver front panel and 180 degrees
on the BDHIs (Bearing Distance Heading Indicator). An audible beat note is also
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developed in the receiver. This note is used for calibration. Each frequency
band on the control panel dial has a marked position for calibration check. As
tuning is varied to select the marked position the audio beat note decreases in
frequency to a zero beat at the calibration mark. Beat notes also occur at mul-
tiples of 142.5 KHz throughout the tuning range of the receiver. Push button
BDHI selector panels at pilot's, copilot's and navigator's stations permit the
selected BDHI pointer to operate with the ADF system labeled on the button.

An ADF control transfer panel permits selection of the desired ADF control

panel. This is provided so that either of two control panels may operate the ADF.
Both ADF systems have two control panels.

TUNE MAX FREQUENCY

FUNCTION BAND TUNING
SELECTOR SELECTOR KNOB

ADF- CONTROL
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SPECIFICATIONS

ADF-73 AUTOMATIC DIRECTION FINDER

CHARACTERISTIC

SPECIFICATION

Type of system

Frequency range

Tuning

Selectivity

Stability

Sensitivity:
ANT mode

LOOP mode

ADF mode

Outputs:

Bearing information

Fixed loop~goniometer
190 - 1750 kilocycles in three bands.

Band 1: 190 - 400 KHz
Band 2: 400 - 840 KHz
Band 3: 840 - 1750 KHz

Slug Tuned; servo operated from
CNA-73 ADF control by two 10-turn
potentiometers in an A-C comparison
bridge.

4 KHz maximum at 6 db; Less than
12 KHz at 65 db

Resonant frequency and dial frequency
agree within 0. 75 percent during
normal operational conditions; within
1 percent during operation at
environmental extremes.

32 uv/m, 190 - 1750 KHz

90 uv/m, 190 - 400 KHz
70 uv/m, 400 - 840 KHz
60 uv/m, 840 - 1750 KHz

90 uv/m, 190 - 400 KHz

70 uv/m, 400 - 840 KHz
60 uv/m, 840 - 1750 KHz

400rv , 3-wire synchro signal

VOL. VI
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SPECIFICATIONS (continued)

ADF-73 AUTOMATIC DIRECTION FINDER

CHARACTERISTIC SPECIFICATION
Audio
Response Within 9 db, 300-2000
Level : Adjustable up to 100 mw
Impedance 500 ohms
Distortion Less than 10 percent at 100 mw
{measured at 1000~u , 30 percent
modulation)
Tuning Indications: Tuning meter
Function switching Solid state
Intermediate frequency 142, 5 KHz
BFO 1020w beat at channel center for
CW reception
Tuning BFO | 142. 5 KHz zero-beats with -
incoming IF signal -
Altitude Up to 60,000 feet
AVC Audio output does not vary more than

3 db for RF input signals from 10 uv
to 0. 05 volts or more than 6 db for
RF input signals from 10 uv to

0. 5 volts,
Isolation cross-coupling 60 db minimum
between sense and loop-circuits
Overload protection | Permanent short on regulated B+

supply will not harm receiver.

7-10 VOL. VI



BLOCK DIAGRAM THEORY OF OPERATION

The main component of the ADF system is the receiver. It is a transistorized,
light weight unit consisting of a single conversion superheterodyne receiver,

a servo-driven goniometer, and circuits for combining and comparing the loop
and sense antenna signals. The receiver has solid state bandswitching, function
switching, and servo driven slug tuning.

BAND SWITCHING - TUNING

Each stage of the receiver RF section has three sets of tuned circuits, one
for each frequency band. A diode rectifier in series with each tuned circuit
is used to place the circuit in operation. The control panel band selector
switch applies a positive D-C voltage to forward bias the switching diode, thus
placing the selected tuned circuit into operation.

SIGNAL IN:F

1 L 1
._1 !
SIGNAL
' o ouT
| |
I
MECHANICAL DRIVE
10v bpc FROM SERVO MOTOR

SIMPLIFIED BANDSWITCHING
FOR TYPICAL STAGE

All band circuits are tuned to accept the desiI:ed frequency by a balanced
bridge servo loop. One leg of the bridge is a precision potentiometer in the
control panel which is varied by the tuning knob. The second leg of the bridge
is another potentiometer in the receiver. Selecting a frequency on the control
panel unbalances the bridge, thus creating an error signal. The error signal
is amplified to drive a servo motor which positions the receiver potentiometer
to rebalance the bridge. The motor also mechanically adjusts the slug tuning
of all tank circuits thereby tuning the receiver to the selected frequency.

Function selection is accomplished by solid state circuits similar to band
switching.

VOL. VI 7-11
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TUNING
SERVO ———m—j£:>
AMPL _

Ve
A=
e
' PERMEABILITY
TUNING

BRIDGE

CONTROL PANEL

SIMPLIFIED TUNING CIRCUITS

ADF OPERATION

Radio direction finding is based on the directional characteristics of loop an-
tennas. A fixed loop (now rotating) antenna having two windings on ferrite cores
perpendicular to each other provides the directional characteristics. The amp-
litude of the voltage inducted in each winding depends on the angular position of
the antenna with respect to the ground transmitter. The induced voltages are a
measure of the relative bearing to the transmitting station.

The omni-directional sense antenna provides a constant reference phase signal
which does not vary with transmitter bearing. Due to its characteristics, the
loop antenna produces a signal that either leads or lags the sense antenna signal -
by 90 degrees. ‘

The two voltages developed in the loop antenna are combined in the receiver
goniometer (RF servo resolver). If the position of the goniometer rotor does

not correspond to the resultant null of the loop, an output is produced in the
rotor. The loop signals from the goniometer are applied to the loop amplifier.
The signal is amplified and phase shifted by 90 degrees. The resultant signal

is either in phase of 180 degrees out of phase with the sense antenna signal.

The loop signal is chopped (phase reversed) by a balanced modulator at 110 Hz.

If the goniometer is left of null the loop signal from the modulator will reverse
‘phase 110 times per second, from 0 degrees loop phase to 180 degrees loop phase.
At right of null the modulator output will be 180 degrees loop phase,then 0 degrees
loop phase.
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In the 90 degree phase shifter the balanced modulater loop signal will be in
phase (adding) or out of phase (subtracting) if the goniometer is not at null.
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X 1MHz

FIXED LOOPS

B PHASE
(”\ A PHASE
s e
1MHz
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On one side of the goniometer null an adding condition will exist and on the other
side a subtracting condition. The addition and subtraction of the loop and sense
signals results in a 110 Hz amplitude modulation. The phase of the modulation
will depend on whether the goniometer is left or right of null position. At null
rosition the balanced modulator output is absent, resulting in no 110-Hz, AM
modulation in the receiver signal.

The composite antenna signal is amplified by the RF amplifier and combined with
a local oscillator signal in the mixer. The difference frequency of 142.5 Hz is
selected by the tuned circuits in the mixer output. Band switching and tuning
circuits maintain a 142.5 Hz difference between the local oscillator frequency
and the selected receiver frequency to develop a fixed IF frequency. The IF
signal is amplified and applied to the detector where the 110 Hz envelope and
audio signals are recovered. An AVC ‘detector develops a signal proportional

to IF signal strength. The AVC signal is amplified and used to control gain in
the RF amplifier and the first IF amplifier and also is sent to the control panel
to drive the TUNE~-MAX meter. The recovered 110 Hz envelope and the audio
signals are routed to the audio amplifier. The first audio amplifier increases
the amplitude of the 110 Hz envelope and audio signals to the level required to
drive the control phase amplifier and the audio driver. The audio signal is amp~
lified by the driver and applied to the audio power amplifier. The power amp-
lifier increases the audio signal level. The audio signal is then routed through
the control panel volume control to the aircraft interphone system. The 110 Hz
signal output from the first audio amplifier is applied to the control phase amplifier
as a control phase input signal. The signal is amplified, phase shifted by 90
degrees, and applied to the control windings of the two-phase, A~C servo motor.
The reference phase generator (110 Hz oscillator) voltage is applied to the servo
motor.. The control voltage will either lead or lag the reference voltage by 90
degrees. This determines the direction of motor rotation. The motor drives the
goniometer to a null position. At this point the output of the balanced modulator
has no output with which to drive the servo motor. The angular pogition of the
rotor of a synchro transmitter driven by the servo motor provides bearing in-
formation to the BDHIs.

LOOP OPERATION

In the "LOOP' function the sense antenna and the reference phase generator
siganls are removed from the balanced modulator input. The system functions
as a receiver connected only to the loop antenna. Manual control of goniometer
rotation is provided by the LOOP L-R switch on the control panel. The switch
applies signals to the servo amplifier to position the goniometer. This function
provides manual direction finding. As the goniometer rotor is positioned by the
L-R switch two nulls and two maximum signals will appear during 360 degrees
rotation. Tuning to the correct null will provide relative bearing to the selected
transmitting station. The second null will point away from the station. Loop

navigation should only be used by triangulating on two ground stations in case of
ADF mode failure.
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ANTENNA OPERATION

In the "ANT" function the outputs of the goniometer and reference phase
generator are removed from the balanced modulator and the goniometer servo
amplifier input is disconnected. The system functions as a conventional super-
heterodyne receiver connected only to the sense antenna. The antenna coupler
provides impedance matching between the antenna and the receiver.

TEST OPERATION

A self-test feature is provided by a momentary "TEST'" position of the function
selection switch. In "TEST'" the system is connected for "ADF' operation,
except the sense antenna is replaced by a dummy sense antenna within the
receiver. The local oscillator frequency and a 142.5 KHz signal from the beat
frequency oscillator (BFO) are applied to the test mixer. The sum frequency
is selected in the mixer output to simulate a station transmitting on the fre-
quency to which the receiver is tuned. This signal is applied to the balanced
modulator to simulate a sense antenna signal. This signal is also applied to the
goniometer to simulate a loop antenna signal. The phase relationship of the
signals produce a system null at 0 degrees reading on the receiver front panel.
The flight instruments always indicate 180 degrees out of phase from the re-
ceiver indication. An audio beat note is also produced in output of the receiver
by combining the local oscillator and BFO frequency. This provides frequency
calibration checks at 142.5 intervals throughout the tuning range of the receiver.

TUNE MAX FREQUENCY

VOL. VI 7-17
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volume v chapter 8

VHF NAVIGATION SYSTEM

GENERAL

The VHF navigation system provides reception of the VHF omni-range
(VOR) or localizer (LOC) ground station signals. The VOR data is
supplied to flight director indicators to indicate bearing to the selected
ground station and deviation from a selected course to that station during
cross country flights. Localizer information is presented on the flight
direction indicators to provide lateral guidance on Instrument Landing
System approaches (ILS). The VOR/ILS signals are also used as inputs
to the autopilot and all weather landing system (AWLS).

AIRCRAFT INSTALLATION

System components, cabling, power requirements and equipment locations
are shown on the "Aircraft Installation" drawing.

The components of one system are as follows:

& Control Panel

@ Receiver

® VHF Nav Antenna (tail)

® Localizer Antenna Switch
® Localizer Antenna (nose)

The Collins 51R-6 receivers are directly interchangable with no modifi-
cation to aircraft wiring or operating procedure. The WILCOX 9765-100
radio set control and the COLLINS 313N-2 are also directly interchange~
able and may be used with either receiver.

VOL. VI 8-1
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SYSTEM OPERATION

System operation is controlled from the VHF/NAV portion of the control panel.
The power "ON-OFF'" switch @ energizes the system. A volume control
adjusts the level of the audio output to the interphone system. Frequency se-
lection is accomplished by setting the desired frequency into the frequency se-
lection window @ - The whole megahertz (MHz) selection is controlled by the
left knob @ and the fractional MHz selection is controlled by the right knob @ .

The frequency range of the
system is 108,00 to 117.95
MHz in 50 KHz steps. How- @

ever, due to aircraft wiring, / / \
channel spacing of the 100
KHz is used. When a 50 KHz

—com C%é" /‘NAV /@
channel is selected on the HEQEEE] TQT E

control panel (108.05, 108.25 PWR voL PWR

etc. ) the receiver tunes to OFF@ @ NF@;@;—-@

the next lowest channel. A

frequency selection of 108.60 @

MHz or 108.65 MHz provides

an operating frequency of PILOT'™S AND COPILOT"'S
108.60 MHz. RECEIVER CONTROLS (TWwWO)

Mode of receiver operation, VOR or LOC, is determined by the selected fre-
quency. VOR operation is provided when frequencies from 108.0 MHz to 112.0
MHz are selected in even tenths (108.0, 108.2, 108.4 etc.) or 112.0 MHz to 117.9
MHz all tenths. Localizer operation is provided when frequencies from 108.1
MHz to 1l1.9 MHz are selected in odd tenths (108.1, 108. 3, etc. ).

VOR OPERATION

In VOR operation the bearing signal can be selected to drive pointers on Bearing
Distance Heading Indicators (BDHI) and Horizontal Situation Indicators (HSI).
Switch panels on the pilot's and copilot's instrument panels are used to select
information displayed on their BDHI. System No. 1l information can be selected
for the No. 1 pointers @ and system No. 2 can be selected for the No. 2 pointers

.

A BDHI pushbutton selector panel at the navigator's station is used to select in-
formation displayed on the BDHI's at his station. The No. 2 pointers are used to
display VOR information. Bearing information from system No. 1 is displayed
on BDHI No. 1 @ and bearing from system No. 2 system is displayed on BDHI

No. 2 (B) .

VOL. VI v 8-93
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Tac-1 TAC-2

A?-L \/Co?-l.
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PILOT'S OR COPILLOT"'S
STAT I ON

The bearing to the VOR station, relative to magnetic north, is indicated when
the pointer position is read directly from BDHI compass card @ . When the
pointer is read with respect to the indicator top index , the indication is the
bearing of the VOR station relative to aircraft heading.

BOHI No.1 BDHt No.2
VOR=-1 ADF-1 yOR-2 ADF-2

D O Oy

@\ POINTER-2 POINTER=

NAVIGATOR'S BDHI 'S & SELECTOR PANEL
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The VOR signals can also be selected for use by the flight director systems. Two
navigation selector panels on the glare shield enable the pilot and copilot to select
VOR-ILS @ signals for their flight director systems. The pilot can select signals
from the No. | system and the copilot from the No. 2 system.

To fly a VOR radial, the desired radio
course is selected on the HSI. The

NAVIGATION SELECTOR r—-VERNAV —-—-———1
[~ COMPUTERS — DM

course arrow @ of this indicator is NAV Dop APPR H SE_LE(;T
positioned to the desired VOR course VOR

. TAC
by the COURSE SET knob (B) . This
information is supplied to the VHF nav- ASN 24 ASN 35 NORM NAV
igation receiver. TAC-1 VOR [LS-1 NAV-OFF AD! REP

The receiver compares "'selected course" ©

from the HSI with signals from ’Fhe VOR PILOT'S NAV SELECTOR PANEL
ground station to develop deviation in- (COPILOT'S IDENTICAL EXCEPT
formation. Tl?is_mformatlon is displayed uses TACAN-2 & VOR/1LS-2)

on the HSI deviation bar © . The de-
viation bar indicates that the aircraft is off course (bar left fly left, bar right fly

right). The "to-from'' indicator @ shows that the aircraft is on a radial toward

or away from the selected station. The alarm flag @ is used to monitor the VOR
signal for reliability. When the flag is in view the information being displayed is

unreliable and should not be used for navigation.
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SPECIFICATIONS

WILCOX 806 A

CHARACTERISTIC SPECIFICATION

Audio output 100 milliwatts into an external 200-
' or 500-chm resistive load for a 3~
microvolt input signal, 30 percent
modulated at 1,000 Hz.

Audio response Less than 6 db total variation from
350 to 2,500 Hz.,

Audio distortion Less than 7.5 percent at normal
rated output.

All undesired responses At least 60 db down.

AGC Receiver output will not vary more
than 2 db over the range of signal
input levels from 3 to 100,000
microvolts,

Power input 27.5 volts, DC + 10 - 20 percent,
1.0 - ampere maximum.

26 volts (+ Spercent) AC, 380~420
Hz, 0.2-ampere maximum.

Frequency range 108,00 to 117,95 MHaz.

Channels 200 channels with 50-KHz spacing
are provided. Limited to 100
channel 100 KHz spacing.

Frequency selection Accomplished by Mark 2 standardized
navigation frequency selector
designed in accordance with ARINC
Specification No. 410,

Frequency stability Better than + 0. 0035 percent under
all operating conditions.

8-6 VOL. VI




SPECIFICATIONS (continued)

WILCOX 806 A

CHARACTERISTIC

SPECIFICATION

Input impedance

Sensitivity

Selectivity

Altitude

Bearing accuracy

52-ohm coaxial.

A maximum signal of 3.0 micro-
volts, modulated 30 percent at 1,000
Hz is required to achieve 6 db signal
plus noise to noise ratio.

£20.4 KHz wide (MIN) at 6 db down;
t35 KHz wide at 60 db down.

To 55, 000 ft.

Manual 0.50 degree; automatic
0.50 degree.

SPECIFICATIONS

COLLINS 5IR-6

CHARACTERISTIC

SPECIFICATION

Power requirements

VOR operation
ILS operation

VOR/LOC performance:

Frequency range

27.5 volts, D-C, 1,45 amperes.
26 volts, 400 Hz, 0.23 ampere.

27.5 volts, D-C, 1.82 amperes.
26 volts, 400 Hz, 0.23 ampere.

108.00 to 117.90 MHz in 100 KHz
increments.

VOL. VI
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SPECIFICATIONS (continued)

COLLINS 51R-6

CHARACTERISTIC

SPECIFICATION

Sensitivity

Aural channel
VOR channel
Selectivity

Altitude
Spurious response

Gain

AGC

Frequency stability

Navigation outputs

3~-microvolt input for 6-db S+N/N
ratio,

3-microvolt input for satisfactory
navigation performance.

40 KHz at 6~db points and 68 KHz at
60-db points with 3~db or less ripple.

Up to 45, 000 feet,

At least 70 db down.

100 milliwats output into a 600-ohm
load with a 5~microvolt input signal

modulated 30 percent with 1000 Hz.

3-db variation from 5-microvolts
to 50, 000 microvolts.

0. 004 percent from +10 to +55°C
(+50 to +131°F).

0. 005 percent from -55 to +71°C
(=67 to +160°F),

Five deviation indicator loads, four
flag indicator loads, two TO-FROM
loads, and two RMI pointer loads.

VOL. VI
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BLOCK DIAGRAM THEORY OF OPERATION

VOR Ground Station

A basic understanding of the VOR ground station signal is necessary in order to
comprehend VOR system operation.

The ground station antenna system consists of an element that radiates an omni-
directional pattern, and an element or group of elements that radiate a directional
pattern rotated at 1800 RPM (30 Hz).

The 30 Hz reference signal consists of a 9960 Hz subcarrier frequency modulated
by a 30 Hz signal. The frequency modulated 9960 Hz subcarrier and then am-
plitude modulates the VHF carrier. This signal is radiated by the omni-di-
rectional antenna. The 30 Hz variable signal is produced by the rotating di-
rectional pattern varying the signal field strength (space modulation) at the
receiver antenna.

RECEIVED SIGNAL

The received signal from the VOR ground station consists of a station identi-
fication signal and two 30 Hz modulated components. The reference phase 30 Hz
signal has the same phase, regardless of the bearing from the aircraft to the
VOR station. The variable phase 30 Hz signal varies degree-for-degree with
the magnetic bearing of the aircraft with respect to the VOR station.

The two signals are in phase when detected by an aircraft receiver which is due
north of the station (see the Signal Phase Angle Relationship illustration).

East of the station the variable phase lags the referenced by 90 degrees. South
of the station the two signals arel80 degrees out of phase. The variable phase
lags the reference by 270 degrees at a point west of the station. As an aircraft
north of the station flies a circle clockwise around the station, the phase re-
lationship of the two signals varies from 0 degrees 360 degrees.

The localizer ground station radiates two directional beams, one on each side

of the airfield runway. One beam is modulated by a 90 Hz signal; the other is
modulated by a 150-Hz signal. The 90-Hz pattern is directed along the right

side of the runway and the 150-Hz pattern on the left side. The relative amp-
litude of the 90-Hz to the 150-Hz signal varies with the horizontal position of the
aircraft in respect to the instrument approach path. In the center of the approach
path the beams overlap and form an area where the two signals are of equal
strength.

The amplitude of the two signals are compared in the receiver, and an off-course
deviation signal is produced when an amplitude difference exists. The deviation
signal is selected for use by the flight director system when "VOR-ILS" is
selected on the navigation selector panel.

VOL. VI 8-11



LOCALIZER CENTER

LOCALIZER ANTENNA PATTERN

RF SECTION 806A WILCOX

The RF section of this receiver uses a double conversion system consisting of
oscillators and mixers to develop a 10.7 MHz fixed frequency IF. The RF
circuits have a 10 MHz bandwidth which eliminates the need for tuning. Only
the crystals of the oscillators need be changed to effect a channel change.
Channel selection is accomplished by switching crystals in the oscillators
used to develop mixer injection voltages. An all electronic crystal switching
arrangement which requires no mechanical switching is used. When the de-
sired operating frequency is selected at the control panel, the proper crystal
is selected by diodes operating as switches.

Following the conversion circuits are five 10.7 MHz IF amplifiers. The AGC
circuits provide Automatic Gain Control (AGC) up to a predetermined level to
the second and fourth IF stages. Above a predetermined level AGC is removed
from the IF stages and applied to the "front end" stages. The IF amplifier
output is detected by a diode detector which reproduces the reference and vari-
able phase signals when VOR signals are being received. In localizer operation
the detector output is the 90 Hz and 150 Hz localizer signals. Station identifi~
cation audio is sent to audio amplifiers in the receiver before application to the
aircraft interphone system. The VOR or localizer signals are applied to the
manual omni-localizer and automatic omni sections of the receiver,

MANUAL SELEC TION

The manual omni-localizer section contains a variable phase channel, reference

8-12 VOL. VI
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phase channel, and localizer channel. In VOR operation the reference phase
and variable phase signals are applied to their respective channels. The
reference phase signal is a Frequency-Modulated (FM) sub-carrier which is
amplified in the reference phase channel. After amplification and limiting ,the
3U Hz modulation is reproduced in an FM detector. The 30 Hz reference
signals is then applied to a resolver in the HSI. The position of the resolver
rotor is determined by the selected VOR course (COURSE SET knob position).
The selected course of the resolver phase shifts the 30 Hz reference phase
signal. The resultant signal is amplified and applied to a phase comparator.
The variable phase 30 Hz signal is amplified and also applied to the phase
comparator. The comparator circuit develops a polarized D-~C ocutput when the
two signals are not in phase. This polarized signal provides deviation infor-
mation to the HSI and flight director system. The reference phase signal, with
selected course information added, is also compared with the variable phase
signal in the to-from circuit. The phase relationship of the two signals produced
a polarized D~C output. The polarity of this DC determines the to-from display
position. In localizer operation the signal is processed by the localizer channel.
The receiver section supplies an audio signal containing a 90 Hz component and
a 150 Hz component. After amplification, the composite audio signal is sepa-
rated into 90 Hz and 150 Hz components by fixed tuned filters. The two audio
components are rectified and when the resultant voltages are equal in amplitude,
the output voltage will be zero. This indicates an aircraft on~course condition.
When the two signals are unequal in amplitude, a polarized deviation {error)
signal will result. The deviation output is applied to the HSI deviation bar.

AUTOMATIC SECTION

The automatic omni section of the receiver also has a reference phase channel,
variable phase channel, and phase comparator. The operation of these channels
is similar to the manual omni-localizer section, However, an automatic in-
strumentaion servo loop has been added. The comparator automatically and
continuously compares the reference phase and variable phase signals. The
comparison is used to position a differential synchro which transmits bearing
information to the BDHI's and HSI. When the variable phase and reference
phase are not in phase, the comparator develops a polarized D~C output. The
D-C voltage is converted to an A~C signal whose phase is determined by the
polarity of the comparator output. The A-C voltage is amplified and used to
drive an A~C motor. The direction of motor rotation is dependent upon the
phase of the applied voltage. This gives sense of direction to the loops. The
motor positions the resolver in the reference phase channel until the reference
phase and variable phase signals are in phase. As the two signals approach an
in-phase condition, the comparator output decreases to zero and the motor stops.
A differential synchro is positioned by the motor and transmits bearing infor-
mation to the BDHI's and HSI. Assuming that a bearing of 90 degrees exists

814 VOL. VI
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between the aircraft and VOR station, the variable phase signal then leads the
reference phase by 90 degrees. Therefore, the comparator circuits develop an
output. This results in the motor driving the reference phase resolver 90 de-
grees to bring the two signals in phase. The 90 degree shaft rotation is trans-
mitted to the bearing pointers of the indicators by a differential synchro. This
synchro is supplied excitation from the compass system; therefore, the synchro
output is bearing relative to the indicator compass card.

RECEIVER SECTION 51R-6 COLLINS

The RF section uses a triple conversion system consisting of oscillators and
mixers to develop a 500 KHz IF. Solid stage switching of oscillator crystals

is used for frequency selection requiring no mechanical switching. The IF
signals are transformer-coupled through four stages of amplification to the de-
tector. The detector output is applied to the AGC amplifier, noise limiter and
VOR/LOC output terminals. AGC voltage controls the RF amplifier and the first
two IF stages. The noise limiter output is coupled through four audio amplifiers
before going to the aircraft interphone system. The VOR/LOC signals are sent
to the manual and automatic instrumentation units.

MANUAL INSTRUMENTATION UNIT

The manual instrumentation unit has two channels, reference and variable. The
composite VOR signal consists of the 9960 Hz FM subcarrier containing the 30
Hz reference signal and the amplitude modulated 30 Hz variable signal. The
composite signal is routed to the inputs of both the reference and variable chan-
nels. The variable 30 Hz signal is separated by a low pass filter in the variable
channel. The variable signal is amplified, filtered to remove any 30 Hz har-
monics and further amplified to the power level required by the variable channel
input circuitry of the deviation and to-from phase detectors.

In the reference channel the composite VOR signal goes through stages of amp-
lification and limiting. The limiters eliminate all effects of amplitude modu~
lation (variable signal) from the composite VOR signal. After the amplification
and limiting stages, the 9960 Hz sub-carrier is detected to recover the reference
30 Hz signal from the reference 30 Hz detector and one output is routed to the
autoresolver driver for use in the automatic instrumentation unit and the self-
test circuits. A second output is routed through the manual resolver through

the manual resolver driver to the OBS resolver in the HSI. The rotor of the OBS
resolver is manually positioned by setting in the selected VOR course (radial)
with the course set knob. Rotating the course knob (resolver rotor) phase shifts
the reference 30 Hz signal degree per degree with selected course (Inherent
phase shift of the resolver and associated circuitry is 90 degrees with no de~
viation from selected course). The phase shifted reference signal is amplified
and filtered to remove any 30 Hz resolver generated harmonics, and applied to

VOL. VI 8-17
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the deviation and to-from phase comparators.

The deviation phase comparator produces a D~C error voltage proportional to
the phase difference between the reference and variable signals. The error
voltage output of the phase comparator is routed to the HSI deviation bar,
driving it left or right depending on the error signal polarity. The reference
and variable signals are also summed in the phase comparator and used as

ilag warning. Loss of either or both of the 30 Hz signals will reduce the flag
signal level enough to allow the VOR/LOC flag to appear. The 90 degree phase
shifted reference signal from the OBS resolver is shifted an additional 90 de~
grees before application to the to-from phase comparator. The reference and
variable signals are in phase or 180 degrees out of phase. When the signals are
in phase,the to-from phase comparator will drive the indicator to a "TO" indication,
A 180 degree phase relationship will provide a "FROM " indication,

LOCALIZER

When a localizer frequency is selected,a diode switch allows the localizer sig-
nals to be amplified and applied to the 90 Hz and 150 Hz filters. The two signals
are AM and are compared in the localizer output circuits to produce a deviation
signal. The amplitudes are summed to produce a localizer reliability flag sig-
nal. During localizer operation diode switches turn off the output amplifiers of
the manual and automatic instrumentation units.

AUTOMATIC INSTRUMENTATION UNIT

The reference signal is applied to the autoresolver, amplified and sent to the
VOR phase comparator in the auto-instrumentation unit. The variable signal is
amplified and compared with the reference signal in the phase comparator. The
D-C output of the comparator is sent through a filter ;and chopper (D-C to A-C
inverter) amplified and drives the servo motor. The servo motor repositions
the autoresolver rotor until the reference and variable phase signals are in
quadrature (90 degree phase difference). A differential synchro is also posit-
ioned mechanically by the motor. The differential synchro compares magnetic
heading with rotor shaft position and sends a synchro output to the BDHI and HSI
bearing pointers.

SYSTEM PECULIARITIES

The Localizer deviation signals are sent to the AWLS system during an AWLS
approach. The deviation signals are desensitized before being applied to the
flight director instruments. The localizer antenna switch is also activated by the
AWLS system. At localizer beam center the rear VHF antenna is disconnected
from the system and the nose VHF antenna inserted.

8-20 VOL. VI
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GLIDESLOPE SYSTEM

GENERAL

The glideslope system is used with the VHF navigation system during an
instrument approach to the runway. The glideslope system provides
vertical guidance information and the VHF navigation system provides the
lateral guidance information. A glideslope system will also provide a
warning indication if the vertical guidance information is unreliable.

A glideslope ground station transmitter with its antenna located adjacent

to and about a 1000 feet from the approach end of a runway transmits a
specific frequency which is amplitude modulated with a 90 Hz and a 150 Hz
audio tone. This signal is transmitted as dual radiation patterns which are
called "beams'". The 90 Hz and the 150 Hz beams overlap each other to
give an imaginary glide path line in the center of the overlap.

ANTENNA

RUNWAY

AIRCRAFT INSTALLATION

The dual glideslopes are turned "on" and "off" by the VHF nav control panel
power switch. Both systems use the same antenna which is located below
the radar antenna in the radome. Operating power is supplied by the
appropriate D-C bus. Glideslope frequencies are selected by selecting an
ILS frequency on the VHF nav control panel.

VOL. VI -
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SYSTEM OPERATION

The transistorized glideslope receiver provides 20 crystal controlled channels

spaced 300 KHz apart.

By selecting a given localizer fre-
quency, a matched glideslope chan~-
nel is selected. When the VHF nav
system has VOR frequencies selec—
ted, the glideslope is switched to
standby by the VHF nav control
panel.

When the VHF nav control panel has
a localizer frequency selected, the
glideslope receiver is "on'' and its
output is applied to the Attitude
Director Indicator (ADI) on the in-
strument panel.

Displacement from the glidepath is
displayed as ADI vertical pointer
deflection. Deflection of the pointer
represents the relative position of
the aircraft from beam center. An
upward deflection indicates that the
aircraft is below beam center and
requires '"fly up" to the glidepath.
A downward deflection indicates
that "fly down" is required.

Should the glideslope deviation
signals become unreliable, a warn-
ing flag appears covering the ADI
glideslope pointer.

Lot FrREQ MHz

GS FREQ MHz

™ 1o8.1 334.7
108.3 334.1
108.5 329.9
108.7 330.5
108.9 329.3
109.1 331.4
109.3 332.0
109.5 332.6
109.7 333.2
109.9 333.8
110.1 334.4
110.3 335.0
110.5 329.6
110.7 330.2
110.9 330.8
11.1 331.7 .
111.3 332.3
111.5 332.9
11.7 333.5
111.9 331.1

LOCALIZER

FREQUENCY

VOL. VI

The frequency range is 329.3 to 335.0 MHz and each
glideslope frequency is paired "one-for-one' with a localizer frequency.

GLIDESLOPE
PAITRING

CHART
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SPECIFICATIONS

WILCOX 800 B

CHARACTERISTIC

SPECIFICATION

Powexl requirements
Frequency range
Number and spacing
of channels
Frequency selection
Input impedance

Type receiver

Indicator circuit

Alarm signal

27.5 volts, DC

329.3 to 335.0 MHz

20 channels, spaced
300 KHz

ARINC (2 out of 5 wires)
52 ohms

Dual conversion super-—

heterodyne crystal controlled.

Supply sufficient output for
five 1000-ohm indicator loads
in parallel.

Supply sufficient output for
four 1000-ohm flag alarm
loads in parallel.

VOL. VI
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SPECIFICATIONS

COLLINS 51V-4

CHARACTERISTIC

SPECIFICATION

Power requirements
Frequency range
Number and spacing
of channels
Frequency selection
Input impedance

Type receiver

Indicator circuit

Alarm signal

27.5 volts, DC

329.3 to 335.0 MHz

20 channels, spaced

300 KHz apart

ARINC (2 out of 5 wires)
52 ohms

Dual conversion,
superheterodyne

Supply sufficient output
for three 1000-ohm
deviation indicator loads
in parallel

Supply sufficient output
for two 1000~ohm flag
alarm loads in parallel
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BLOCK DIAGRAM THEORY OF OPERATION

The glideslope receiver is a dual conversion superheterodyne with crystal-
controlled local oscillator.

A signal is received by the antenna. This signal, amplitude modulated at 90
and 150 Hz, is passed to a strip line filter which is designed for a bandpass of
329 to 335 MHz. This output is fed to the RF amplifier. The carrier is amp~
lified by the RF amplifier and applied to the first mixer. The gain of the RF
amplifier is controlled by the AGC voltage.

The input to the first mixer is heterodyned with the first injection signal in the
range of 269.84 to 274.40 MHz. The first injection signal is the frequency-
quadrupled output of the local oscillator. The first mixer output is the first
high intermediate frequency (IF) and is in the range of 59.46 to 68.60 MHz.

The local oscillator is crystal controlled, ranging from 67.46 to 68.60 MHz.
The output of this oscillator is applied to the second mixer stage and through
the frequency quadrupler to the first mixer.

The second mixer heterodynes the first mixer output with the oscillator output to
produce an 8 MHz IF. The 8 MHz IF is amplified by the IF amplifiers, then
detected by an audio detector. This output is amplified and applied to the 90/
150 Hz filter. The 90 Hz and 150 Hz are separated and applied to separate
bridge rectifiers. The rectified output from both rectifiers is compared and,

if the aircraft is on course, the voltage will be equal in magnitude and opposite
in polarity. This will produce a zero output to the deviation indicator which will
remain centered. If the 150 Hz signal is greater in magnitude than the 90 Hz,
the deviation indicator will deflect upward; and downward if the reverse is true.

SYSTEM PECULIARITIES

The glideslope has a flag warning and deviation indication input to the Test
Program Logic Computer (TPLC) for use during (AWLS) operation.

VOL. VI ’ 9-9
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MARKER BEACON SYSTEM

GENERAL

The Marker Beacon system is used to provide an aural and visual
indication to the pilot and copilot when the aircraft passes over a marker
beacon ground station. Inner and outer marker beacons are located at the
end of runways to indicate passage during instrument landings. Airways
marker beacon stations are located along air routes,aiding the pilots in
cross country navigation.

CUTER
MARKER

-~
. <~ -
3.4 MILES
~ :
- 4 MnLEs—\
~ — e
_ 0.6 MILES A LRWAY

RUNWAY

TYPICAL MARKER
BEACON GROUND STATIONS

All marker beacon stations transmit a 75 MHz carrier modulated at
different audio tones which identify the type station. An airways station

VOL. VI 10-1



A modulates the 75 MHz carrier with a 3, 000 Hz tone, which is interrupted by
Morse code providing the pilots aural station indentification through the inter-
phone system. The outer marker O carrier is modulated with a 400 Hz tone
and the inner marker I carrier with a 1300 Hz tone.

AIRCRAFT INSTALLATION

The marker beacon system, having no power switch, is on whenever power is
applied to the main D-C avionics bus No. 1. The system outputs are are audio
to the interphone system and illumination voltage to lamps on the instrument
panel.

SYSTEM COMPONENTS

The components of the marker beacon system are as follows:

® Marker Beacon Receiver 51Z-3

® Antenna AT-536/ARN
® Light Assembly (2 ea)

® Marker Beacon Sensitivity switch

SYSTEM OPERATION

With the marker beacon system operating, an aircraft flying over an airways -
station will receive a signal which will cause the white airways A lamp to
illuminate. A 3000 Hz identification tone will be heard through the interphone
when the interphone "BCN'' monitor switch is on.

During ILS operation when the aircraft passes over the outer marker, the blue
outer marker O lamp will illuminate and a 400 Hy, audio tone will be heard
through the interphone. When the inner marker is passed over the amber inner

marker I lamp will illuminate and a 1300 Hz audio tone will be heard through the
interphone.

A Marker Beacon HIGH-LOW switch is used to control the receiver sensitivity
when receiving weak or strong signals. "HIGH" for weak signal reception and
"LOW" for strong signal reception. With "HIGH" selected, the lamp will illum~
inate in the fringes of the signal during passage. Selecting "LOW" at this time

will extinguish the lamp permitting it to relight when the aircraft is more direct-
ly over the beacon.

10-2 . VOL. VI
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-SPECIFICATIONS

5172-3 MARKER BEACON

CHARACTERISTIC

SPECIFICATION

Power reg.

Type reception

Operating frequency

Indications

Sensitivity

Selectivity

Antenna input impedence

Audio output and
impedance

28 volts, DC 4.4 watts normal,
1l watts passing over marker
beacon

AM at 400 Hz, 1300 Hz or
3000 Hz

75 MHz

Audio by tone
Visual by indicator lights

200 UV, 75 MHz signal
modulated at 95 percent will

light two No. 47 lamps in
parallel

40 KHz min. at 6 db down,
250 MHz max at 60 db down

50 ochms unbalanced

100 MW, 600 ohms balanced

10-4
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BLOCK DIAGRAM THEORY OF OPERATION

The 51Z-3 is a transistorized, single conversion, crystal controlled receiver
operating on a fixed frequency of 75 MHz. Signals appearing on the antenna
are fed to the converter. The 75 MHz signal is mixed with the 70.4 MHz
signal generated by a crystal-controlled oscillator. A 4.6 MHz filter selects
the difference frequency and passes it to the three I¥F amplifiers which increase
the signal level. The detector separates the audio component (400 Hz, 1300 Hz
or 3000 Hz) from the IF signal. The lst audio amplifier is also the Automatic
Gain Control (AGC) amplifier. AGC voltage is applied through the AGC gate to
the three IF amplifier stages. The lst audio amplifier is an emitter follower
and supplies audio drive for the 2nd audio amplifier. The output of the 2nd
audio amplifier is transformer-coupled to the audio power amplifier. The audio
power amplifier supplies audio power to the output transformer and to the three
audio filters. The output transformer supplies audio to the interphone system.

The output of the three filters, 400 Hz, 1300 Hz, and 300 Hz, are used to drive
lamp switch transistors. A lamp switch transistor, when turned on by one of
the three filters, will provide a low~impedance path for lamp current which will
cause the proper lamp to illuminate indicating passage over a marker beacon
station.

75MHZT 4. G/MHZ

AUDIO
CRYSTAL 3RrD isT 2ND
4.6MHz 1 /e LloeTecTorl»| aubio 8] aubio POWER

CONTROLLED| FILTER

AMPLS AMPL AMPL AMPL.
CONVERTER -
70.4MHz
0SC

AUDIO FILTER

iy v

AGC r~———-—~ T T —~*~—'_“7
N
|
I
I

400Hz 3000Hz 1300Hz OUTPUT
FILTER] | FILTER FILTER TRANSFORMER
LOW PASS SENS R Iy A A R
FILTER SWITCH SWITCH WITC SWITCH
J_ H LO ”\
) 28v DC
= = e e f e — TO
| INTERPHONE
| 10 A } | SYSTEM
| 1

BLUE WHITE AMBER

iNDICATOR PANEL

MARKER BEACON RECEIVER BLOCK DIAGRAM
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Shown on the block diagram is a simplified sensitivity circuit. In the "LOW"
sensitivity switch position the diode anode voltage is positive enough to cause
diode conduction. Diode conduction allows the low pass filter to shunt the IF
signal reducing the receiver sensitivity. In the "HIGH" switch position the
anode voltage is less reducing conduction. Less IF signal is shunted to ground
through the filter allowing receiver sensitivity to increase.
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TACAN SYSTEM

GENERAL

The Tactical Air Navigation (TACAN) systems are used to determine the
bearing and distance of a selected surface beacon station from the air-
craft. Continuous bearing and distance information is displayed on in-
dicators as a navigational aid, during cross-country flights.

AIRCRAFT INSTALLATION

Two complete and independent ARN-21C TACAN systems are installed in
the aircraft. Each system includes the following components:

Receiver-Transmitter
Control Panel
Instrumentation Coupler
Antenna Selector
Antenna Switch

Top Antenna

Bottom Antenna

The Receiver-Transmitter (RT) units and instrumentation couplers are
installed in the left-hand avionics‘equipment rack (underdeck). The
antenna selectors and antenna switches are located to the left and slightly
aft of the left-hand avionics equipment rack. The control panels are in-
stalled in the center console; one is on the pilot's side of the center con-
sole and the other is on the copilot's side. A stub-type antenna for each
system is mounted on the top centerline of the fuselage. The bottom
antenna for each system is flush-mounted on the bottom centerline of the
fuselage. 115-volt, A-C power is applied through circuit breakers on the
avionics circuit breaker panel. No. 1 TACAN receives A-C power from
navigation bus No. 1 and D-C power from the main D-C avionics bus No.
1. The No. 2 TACAN is supplied in an identical manner from the No. 2
buses.

VOL. VI 11-1



SNOT1¥Y20717 LN3INOLJHWOI WILSAS NVOIVL

Aﬂy 22K nw /Zy S3M241m8

v YHNILINY
VHNILNY

YIRX-MAOY
2°oN

|ﬂ|||||||\||||u||\|||mmxx-x>uz

| ox

VOL. VI

MOV ANIWGINDI
SJINOIAY MY

| "ON Nyavl ™
S e T

2 "ON NYOVL

Z708H0D
YIiNID

11-2

| "oM Nyovi



J12-NY¥YY HY

INOHJYILINI Ol

¥49v 1 d

¥ 207148 LENDND

NANYd TOHLINOD

(S73NvVd LsNI NO1LVD1411N3Q! P
$,1071d02 OGNV §,10714) . -
HOLVI QNI »||L»
NOILVNLIS TVLNOZIYOH
©
N
Isuno
X
o -
Wowi-0ld §NE SOINOIAY
S WOTIVIASG |
v 20 NIVH
- CXAE] vg
SNViEid P m
NETIETEL]
\ £
I54N0I ;
rcsﬂ o1any ¥IMO0d
® — sng
Sv-3 anv [ ¥ILLIWSNY YL _. AVN OV
DaH > L VG
il ¥37dN0O } HInt3a3e \\AFHMV mw
SSYJWOD :
g310373s ——
19 1 Nortive gL L2-Ndv
L I } -
($7INVd LSNI AVN QNV o| TNENNULSND e /2022~ 14
§,1071d02 fs,107T1d) Y
¥OLY21aNI
®N1GVIH IONVLSIQ DNINVIE
k
¥012373S ﬂ\ HOL11MS
YNNI LNY 1 vixvos
12GVS
‘Illll.l_,
SCIERED)
*35nvisia 4 . =
3
2
WO1108 @- \
¥ ¥ — dol
ovI4 ONIAVIH YNNI LNY
SSVdIWOD

SSVYJWOD



SYSTEM OPERATION

The two systems are designated as the No. 1 (pilot's) TACAN and the No. 2
(copilot's) TACAN. The No. 1 TACAN obtains compass reference from the

No. 1 C-12 Compass system while the No. 2 TACAN is referenced to the No. 2
C-12 compass. Cross-connection between the two compass systems, through
the pilot's and copilot's instrument panels, provide increased reliability in the
event of failure in one of the compass systems. The TACAN systems may be
selected for use by the flight director systems to provide lateral guidance in-
formation. TACAN beam deviation signals may be supplied by the No. 2 TACAN
system to the All-Weather Landing System (AWLS) autopilot. Bearing and dis-
tance signals may be furnished by the No. 1 TACAN system to provide a source
from which the AN/ASN-24 navigational computer may develop ground track in-
formation. For each TACAN system there is one top and one bottom antenna.
Since aircraft attitude during maneuvers may blank out one of the antennas, an
antenna selector monitors the TACAN receiver output and automatically selects
the antenna which is receiving adequate signal.

NOTE: For the remainder of this chapter, unless otherwise indicated, only
one TACAN system will be discussed, since both systems are iden-
tical in composition and operation.

All controls necessary for operation of the system are on the Control Panel.
Two rotary switches allow selection of any channel from 1 through 126. Two
modes of operation are available: "REC" (receive) and ""T/R" (transmit/re-
ceive). When "REC' operation is selected, the receiver circuits of the TR

unit are energized, and the system provides bearing information. When the
"T/R" mode is selected, both receiver and transmitter circuits are energized,
and the system provides bearing and distance information. The "VOL'" (volume)
control varies the audio output to the AN/AIC-18A interphone system.

When the receiver circuits are energized, signals from the beacon station are
processed to provide bearing and station identification signals. The bearing
signals, transmitted by the beacon station, consist of four modulated components:
two 15 Hz (hertz) signals and two 135 Hz signals. One 15 Hz signal has a "fixed"
{reference) phase regardless of the bearing of the aircraft to the beacon station.
It varies degree-for-degree with the magnetic bearing of the aircraft, with re-
spect to the beacon station. The 15 Hz variable phase is a result of the rotation
of the cardioid pattern of the ground station antenna. The 135 Hz signals also
consist of a reference phase and a variable phase. The 15 Hz signals provide
coarse bearing information, and the 135 Hz signals provide fine bearing infor-
mation. These bearing signals are applied to reference and variable bearing
detectors in the receiver. The reference signals and the variable bearing sig-
nals are separated by the detectors and compared in phase comparison circuits.
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The phase difference (determined by the position of the aircraft, relative to the
beacon station) between the signals is converted into bearing information.

The bearing information is displayed on Bearing-Distance-Heading Indicators
(BDHI). There is one BDHI on the pilot's instrument panel, one on the copilot's
instrument panel, and two at the navigator's station. BDHI selector panels, on
the pilot's and copilot's instrument panels, are used to select the information
displayed on their respective BDHI's. Two navigation selector panels enable

the pilot and copilot to select TACAN signals for their flight director systems.
When TACAN signals are selected for use by the flight director, distance to the
beacon station is displayed on Horizontal Situation Indicator (HSI). Two HSI's
are provided; one on the pilot's instrument panel, one on the copilot's instrument
panel. To fly a TACAN radial, the course arrow of the HSI is manually posit-
ioned to the desired TACAN course. The selected course information is com-~
pared with the TACAN bearing signals to develop course deviation information.
This comparison takes place in the TACAN instrumentation coupler. The course
deviation information is displayed by the course deviation indicator of the HSI.
Deviation of the indicator in either direction (left or right) shows that the aircraft
is not on the selected course, and it must be flown in the direction of the indi-
cator deviation to get on course. The "to~from" indicator of the HSI shows
whether the aircraft is flying on a radial toward or away from the beacon station.
The deviation indicator alarm flag is used to monitor the reliability of the TACAN
signal. When the flag is in view, the information being displayed is unreliable.
TACAN bearing is displayed by the HSI bearing pointer when TACAN is selected
at the NAVIGATION SELECTOR panel.

The radar principle is used to measure distance. It is based on the constant
speed of RF energy as it travels through space.

NOTE: RF energy travels one nautical mile in approximately 6.18 microseconds.

When the "T/R'" mode of operation is selected, the RT unit transmits a signal to the
ground station. Narrow, widely-spaced interrogation pulses are repeatedly
transmitted. These pulses are picked up by the surface beacon and applied to

the beacon receiver. The receiver develops a signal which causes the beacon
transmitter to send out reply pulses. The reply pulses are picked up by the
airborne receiver. Timing circuits in the receiver measure the interval be-

tween the original transmission and the reply from the surface beacon. This

time interval is converted into distance information.

Distance information is displayed on the navigator's two BDHI'S. The No. 1
BDHI displays distance information from the No. 1 TACAN system and the No. 2
BDHI is used with the No. 2 TACAN. The pilot's BDHI displays No. 1| TACAN
distance and the copilot's BDHI displays No. 2 TACAN distance. When TACAN
signals are selected for use by the flight director systems, distance information
is also displayed on the HSI's.
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The antenna selection is determined on the basis of a minimum usable signal.
When the system is not receiving a usable signal, the antenna selector operates,
causing the antenna switch to alternately connect the top and bottom antennas to
the receiver. When an antenna which is receiving an adequate signal is connec-
ted to the receiver, the receiver applies a signal to the antenna selector unit.
This stops the ‘switching action and keeps the selected antenna connected.

SPECIFICATIONS

ARN-21C TACAN

CHARACTERISTIC

SPECIFICATION

Frequency range

Low band (channels 1~63)

High band (channels 64~126)

Intermediate frequency (IF)

Receiver sensitivity

Transmitter pulse power
output
Pulse pair transmission

rate (PRF)

Channel selection time

962 MHz to 1213 MHz

Transmitter: 1025 MHz to
1087 MHz

Receiver: 962 MHz to 1024
MHz (63 MHz below trans-
mitter frequency)

Transmitter: 1088 MHz to
1150 MHz

Receiver: 1151 MHz to 1213
MHz (63 MHz above trans-
mitter frequency)

63 MHz ¥ 70 KHz {trans-
mitter frequency used for

receiver injection)

-90 db triggering level

1 KW minimum, 2.5 KW

‘maximum

Search: 120 to 150 ppps
(varying)

Track: 22 to 30 ppps
(varying)

12 seconds maximum
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SPECIFICATIONS (continued)
ARN-21C TACAN

CHARACTERISTIC SPECIFICATION

System accuracy Azimuth: * 0.5 degree
Range: % 0,] nautical mile
plus 0.2 percent of distance

Beacon identity tone Morse coded audio tone at
1350 Hz

Operating range 195 nautical miles at 40, 000
feet

Power requirements 115 volts, AC, 380-1000 Hz, single
phase
115 volts, AC, 380-420 Hz, single
phase
28 volts, DC

BLOCK DIAGRAM THEORY OF OPERATION

BEACON OPERATION

The surface beacon station is a pulsed transmitter-receiver system. Approx-
imately 3,600 paired pulses per second are transmitted. Approximately 25 per
cent of these pulse-pairs are used as reference bearing signals. The remain-
ing pulses are randomly-spaced filler pulses and distance reply pulses in a
ratio determined by the number of aircraft interrogating the beacon. The sur-
face beacon also transmits an identification signal at 37.5 second intervals.
This signal is keyed with three international Morse code characters, configured
to provide a three-letter identification of the surface beacon. The transmitter
is capable of responding to interrogations from as many as 120 airborne systems
simultaneously. When distance information is desired, interrogation pulses are
sent out by the airborne transmitter. This interrogation is detected by the sur-
face beacon and used to trigger the beacon transmitter. Some of the random
pulse-pairs are now synchronized with the interrogation pulses. These syn~-
chronized pulses are called reply pulses. The airborne receiver measures the
time between the interrogation and the reply. This interval is converted into
distance information. )
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STATIONARY

ANTENNA
COVER
ROTATING
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TYPICAL GROUND BEACON ANTENNA

The surface beacon station antenna has four major parts; a center element,
surrounded by an inner and an outer fiberglass cylinder, and a pulser plate.
These components develop a directional radiation pattern. The center element
is excited by the RF energy from the transmitter. This element is stationary
and is omni~directional in the horizontal plane. Around the element is the
inner fiberglass cylinder which has a vertical conductive wire embedded in the
fiberglass. This wire acts as a reflector to distort the normal radiation pattern
into a cardioid. The cylinder is rotated at 15 revolutions per second to cause
the entire cardioid pattern to rotate. As a result of the pattern rotation, the
signal received in any direction from the beacon will have sinusoidal variations
in strength as a function of time. The signal received by the airborne system
will vary in amplitude at a 15 Hz rate. This equals one cycle for each antenna
revolution. For each degree of geographic bearing change, there is a one de-
gree change in the electrical phase of the 15 Hz variable phase signal. The
phase of the signal is used to develop coarse bearing information. It is neces~
sary to have a fixed reference of the same frequency for phase measurement.
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COMBINED PATTERN

| NNER
CYLINDER
CENTER OUTER
ELEMENT . CYLINDER
TOP VIEW ISOMETRIC VIEW ' REF CODE

DISK

GROUND BEACON ANTENNA

The fixed reference miust be received in all directions around the beacon with
identical phase. Therefore, each time the maximum point of the cardioid
pattern passes through'east”

(referenced to a magnetic MAG

compass), a series of NORTH

pulses is transmitted. CENTER

This is the reference phase ANTENNA L. \1i RPS
ELEMENT

15 Hz signal. This signal
is commonly referred to
as the Main Reference

Burst (MRB). — — EAST

INNER

The variable phase 15 Hz CYLINDER

signal and the MRB are
compared in the airborne
receiver to form the
coarse bearing signal of 1i5Hz PATTERN
the TACAN system.
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FINE BEARING INFORMATION

A fine bearing feature is used to produce greater accuracy than is possible with
the cardioid antenna pattern system. The outer cylinder of the surface beacon
antenna is used to produce the fine bearing signal. The cylinder has nine verti-
cal conductive wires embedded in the fiberglass. These wires are spaced uni-
formly at 40 degree intervals. The wires distort the cardioid pattern. The
resulting composite pattern maintains the overall cardioid variation pattern
resulting in sinusoidal

variation in amplitude MAGNET I C
of the received signal Nozm

in any direction from the CENTER ! 15RPS
beacon transmitter. The ANTENNA

received signal has the ELEMENT \

basic 15 Hz amplitude
variation as before. The
nine minor lobes produce
nine cycles of amplitude
variation with each an-
tenna revolution. Since
the pattern rotates at 15
revolutions per second,
the nine lobes produce

a 135 Hz signal (15 x 9 =
135). To furnish a reference phase for the 135 Hz component, another series of
coded pulses - the Auxiliary Reference Burst (ARB) ~ is transmitted. The ARB's
are spaced 40 degrees apart. The first ARB appears 40 degrees after the maxi-
mum point of the antenna radiation pattern rotates past east. Comparing the
ARB's and the 135 Hz variable bearing signals provides fine bearing information.
In a 40 degree arc of bearing, which is the width of a minor lobe, the phase of
the received 135 Hz signal will vary through a complete cycle of 360 degrees.

OUTER
CYLINDER

135Hz PATTERN
FINE BEARING
INFORMAT | ON
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Thus each degree of bearing change
results in a nine degree change in MAGNETIC
the phase of the 135 Hz signal. The
ratio of nine electrical degrees to
one rotational degree gives a pro-
nounced magnifying effect in the pro-
cess of detecting changes in bearing.

The MRB's and ARB's are controlled
by the pulser plate (reference code
disc) on the surface beacon antenna
assembly. The plate consists of a
rotary aluminum disc with soft iron
slugs embedded in the outer edge. The ¢c oMB I NED P ATTERN
disc rotates at 15 revolutions per

second. The slugs pass through a

pickup coil, producing two sets of voltage (trigger) pulses. One pulse occurs
once for each 360 degrees of disc rotation; the other occurs at 40 degree inter-
vals thereafter. These pulses are synchronized with the 15 Hz and 135 Hz modu~
lation components, and are used to trigger the transmitter which generates the

o ©8aSEL :

x:ﬂhﬂﬂ N
= !U____JLJL‘JL

e 6 PULSE PAIRS
13bwsEC

135Hz REFERENCE CODE GROUP

MRB's and ARB's. The MRB's and ARB's have priority over distance reply,
identification, and randomly-spaced filler pulses.

The Receiver and Transmitter have the same frequency selection system, tun-
able to any of the 126 channel frequencies. These channels are spaced one Mega~
hertz (MHz) apart. The transmitter operates in the frequency range of 1, 025
through 1,150 MHz with a peak pulse power output between 1.0 and 2.5 kilowatts.
The receiver operates from 962 through 1,024 MHz in low band and from 1,151
through 1, 213 MHz in high band. The receiver frequency is 63 MHz below the
transmitter frequency for low band (channels 1-63) operation and 63 MHz above
the transmitter frequency for high band (channels 64-126) opefation. This
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enables the transmitter frequency to be used as the local oscillator frequency
for the receiver. Operating frequencies are developed from a crystal-controlled
oscillator. The oscillator output is multiplied in frequency by a factor of 27 to
develop a signal for transmitter excitation and receiver oscillator voltage.

CHANNEL SELECTION

Channel selection ig accomplished by selecting the proper oscillator crystal

and tuning all of the RF circuits to accept the operating frequency. Channel
selection is controlled by two balanced-bridge servo loops. One bridge is com~
posed of a precision-—resistive—network, connected across a coarse frequency
selector switch in the control panel, and a potentiometer located in the RT unit,
The fine frequency selector switch is part of a similar bridge circuit,. Selecting
a new frequency on the control panel unbalances one or both of the bridge cir-
cuits. A voltage appears across the bridge, providing an input signal to the
servo amplifier which caugses the tuning servo motor to drive, The motor ad-
justs the potentiometers in the RT unit to balance the bridge. The motor also

11-12 VOL. VI



— ' I ! MODULATOR-_]
O | MobuLATOR | l PULSE
| | PULSE ) ! i
| | 1025-1150MHz | J, | ;
RF TRIPPLER 1sT RF 2ND RF 3RD RF
s AMPL & AMPL AMPL B amPL ™ AMPL
MODU-—)—i ? RECEIVER INJECTION ‘
LATOR l 113.9-127MHz 37.96-42 .59MHz l
PULSE XTAL 0SC XTAL l
TRIPPLER RF SELECTO
ampL  [* | AmPL AND R
TRIPPLER 126 XTALS l
341 -7"' T T i ____l
383.3MHz L b e — b —— — — -4 —
[
¢ ' COARSE MoTor e CV
CHAN o | RELAY
A g ERROR CONTROL
T/R R i CW
T z 5 AMPL AMPL RELAY
A EC E |
c OFF ! i
A /VOL\ I COARSE~-
N @ F ' ol FINE TUN ING
g | ERROR MOTOR
AMPL
I T
. .

FREQUENCY GENERATION

When the control panel frequency is changed by as much as 10 channels, a coarse
error results. The signal is amplified by the coarse error amplifier and applied
to the coarse~fine error amplifier. Any fine bridge error signal is also applied
to the coarse-fine error amplifier. The output of this stage is applied to a mo-
tor control amplifier. The amplifier operates either a Clockwise (CW) or a
Counter-Clockwise (CCW) relay. The relays determine in which direction the
tuning motor will drive. As the motor drives, both tuning bridges will balance.
As balance occurs, the error signal decreases to zero and the motor stops.
Tuning is now complete.

RANGE CIRCUITS-TRANSMITTER

The frequency multiplier and transmitter-preselector subassemblies contain the
circuits which generate and amplify the desired RF output. The frequency mul-
tiplier contains the crystal oscillator and two frequency tripler circuits. The

oscillator operates at the frequency of the crystal selected by the tuning system.
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There are 126 crystals which operate in the range of 37.96 ~ 42.59 MHz. The
oscillator output frequency is multiplied in the two tripler circuits, providing

MOD
DRIVER POWER
SUPPLY
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HY MOD

— B TO
TRANSFORMER TRANSMITTER

NN
L.
PULSE
4046Hz N VU FORM ING COINCIDENCE v TRANSFORMER
osc CIRCUIT GATE —
4
12 an sEC
- DELAY
INPUT <k
FROM RANGE PRF || 2ND PULSE
CIRCU | TS > MV ' GENERATOR

PRF CIRCUIT

a signal to the transmitter ranging from 341.7 - 383.3 MHz. Within the pre-
selector, a tripler-amplifier develops the transmitter output in the frequency
range of I,025 ~ 1,150 MHz. A portion of this signal is applied for receiver in-
jection. In "T/R" operation, high voltage pulse pairs are applied to the RF
circuits. These pulses are developed by the modulator circuits to enable the
transmitter to develop sufficient RF power output. The short bursts of RF
energy, provided by the transmitter, are the interrogation pulses for the sur-
face beacon station.

The time reference for the interrogation is a crystal~controlled oscillator which
generates a 4, 046 Hz sine wave. The time of one complete sine wave is equiv-
alent to 20 radar miles. - A sharp pulse is generated from each cycle of the
4,046 Hz sine wave by a pulse generator circuit. These pulses are applied to a
coincidence gate where a lower frequency pulse is generated. The Pulse Rep-
etition Frequency (PRF) is permitted to vary (within limits) in an irregular or
random manner. This is achieved by employing a non-stable multivibrator to
control the output of the coincidence gate. When the 4, 046 Hz pulse and the
multivibrator gating pulse are coincident, the coincidence gate provides an out-
put pulse. These pulses, which are time-coincident with one of the 4, 046 Hz
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timing pulses, establish the repetition rate of the modulator trigger and the in-
terrogation pulses. The modulator trigger pulse is coded by a 12 microsecond
delay line and a second pulse generator to supply a second pulse for each input
from the coincidence gate. The modulator, therefore, receives two pulses which
are 12 microseconds apart. These pulses trigger the modulator circuits to sup-
ply the high voltage required for transmitter operation. The transmitter ra-
diates pulses of RF energy, 3.5 microseconds wide. These pulses are trans-
mitted in pairs, spaced 12 microseconds apart. After the transmission of each
pulse pair, time is allotted for the surface beacon station reply.

RANGE CIRCUITS-RECEIVER

The received replies from the surface beacon station are applied to the receiver
preselector, which consists of four tuned RF cavities arranged in pairs. One
pair is used for low band reception and the other pair is for high band. The
channel selection circuits tune the cavities and select which pair is to be used.
The output of the preselector is applied to a mixer, where the RF signal is com~-
bined with an injection signal (1,025 - 1,150 MHz) from the transmitter circuits.
The difference frequency of 63 MHz is applied to a six IF amplifier stage. The
output of this stage is applied to a crystal diode detector circuit which removes
the IF component of the signal. The detected pulse output is applied directly to
a pulse decoder and through a 12 microsecond delay line to the pulse decoder.
When properly spaced pulses are applied, the pulse decoder develops a video
pulse for each pulse pair. The video pulse coincides with the second pulse in
the pulse pair. The decoder output is amplified and applied to identification,
bearing, and range circuits.

The range circuits must search for, find, and track the beacon distance reply
pulses which correspond to an interrogation. These reply pulses arrive at a
certain fixed time after each interrogation, corresponding to the distance be-
tween the aircraft and the surface beacon. The tracking circuits are inoperative
at all times except during a time interval centering around the arrival of the
correct reply pulses. In this way, the tracking circuits can ignore the reply
pulses of other aircraft interrogating the surface beacon. This is accomplished
by generating gates to coincide with the reply pulse arrival. When the system
is first turned on and a surface beacon station selected, the system has no way
of predicting when reply pulses will arrive. Therefore, it must search for the
correct reply pulses. The pulse which triggers the modulator and causes the
transmitter to interrogate the surface beacon is also used to start a variable-
width gate. The width of the gate is made to progressively increase (search)
with each interrogation. The trailing edge of the gate is used to start a selec-
tor pulse. As the system searches, the selector pulse is progressively delayed
to effectively lengthen the search distance. This process continues until a delay
corresponding to the surface beacon distance is produced. At this time, the
reply pulses and the selector gate will coincide, and the circuits will assume the
mrack' mode of operation. The position of the selector gate will then be
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controlled by circuits which compare coincidence of the reply pulse and the gates.
The gate will thereby be made to coincide with the reply pulse for the duration

of the track mode.

In the range circuits, a signal from the 4,046 Hz reference oscillator is applied
to the rotor of the range resolver in the instrumentation coupler. The phase-
shifted output from the resolver is used to develop a reference pulse for each
sine wave cycle. These pulses appear 20 nautical miles apart. One revolution
of the resolver produces a change in range of 20 miles. These reference pulses
are applied to a coincidence gate to be compared in time with the selector gate
signal. To develop the selector gate, a timing pulse from the modulator is
applied to a phantastron. The modulator pulse causes the phantastron to gener-
ate a range gate. A distance potentiometer, located in the instrumentation
coupler, applies bias to the phantastron to determine the width of the gate. One
revolution of the potentiometer produces a 200 mile change in range. When the
range resolver and the distance potentiometer are set to zero, the duration of
the range gate is 50 microseconds. When the indicated range is 195 miles, the
range gate duration is 2,400 microseconds. A 50 microsecond gate is required
at zero range because an intentional 50 microsecond delay is introduced at the
surface beacon station between distance interrogation pulses and distance reply
pulses. The range gate is applied to the selector gate generator. A selector
gate is produced by the trailing edge of the range gate. The selector gate and
the 4,046 Hz reference pulses are applied to the coincidence gate.

The first reference pulse occuring within the selector gate will produce a 12
microsecond pulse in the.output of the coincidence gate. This pulse is applied
directly to the early gate stage and, through a 10 microsecond delay line, to the
late gate stage. These stages are gated on for approximately 12 microseconds
each. Video pulses (distance reply pulses) from the receiver are also applied

to these stages. Since the combined "on' time of the two gates is 24 micro~
seconds, the tracking circuits function to accept reply pulses from an area ap-
proximately 2 miles wide. In"search'operation, the range resolver and the dis-
tance potentiometer are being driven to cause the gate signals to be progressive-
ly delayed after each interrogation. This action causes the tracking circuits to
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continuously "step out" in range until distance reply pulses fall within the gating
time interval. When the video pulses occur midway between the early and late
gate pulses, both stages conduct simultaneously. Their outputs are rectified
and connected to produce an output of zero. When the video pulses are coinci~
dent with either the early or late gate, a polarized D-C output will be developed.
The polarized output is amplified and used to control the servo motor. As the
motor drives, the range resolver and distance potentiometer are rotated to
change the gating circuits and center the early and late gate stages to keep the
system in track operation when reply pulses are momemtarily lost. When the
gating circuits lose their output for a period greater than 10 seconds, the memory
circuit causes a relay to switch the circuits back to search operation. It also
causes the distance indicator warning flag to cover the distance indicators when
the system is searching.

AZIMUTH CIRCUITS

Two types of bearing signals are applied to the bearing circuits. The coarse
and fine reference bearing signals (15 Hz and 135 Hz) are applied to a limiter
stage to remove amplitude variations. Removing amplitude variations removes
any variable bearing signal. The composite coarse and fine variable bearing
signals are also supplied a burst eliminator which removes any reference bear-
ing signal components. The output of the burst eliminator is applied to a peak
riding detector circuit where amplitude variations are detected to provide an
output containing 15 Hz and 135 Hz amplitude variations. This composite signal
is applied to two filters where the 15 Hz and 135 Hz components are separated.
The 15 Hz (coarse) signal is shifted in phase by a bearing potentiometer in the
instrumentation coupler. The 135 Hz (fine) signal is shifted in phase by a bear-
ing resolver in the instrumentation coupler. The two signals are then compared
with the reference bearing signals. The coarse signals are compared in the
reference signal gate and the fine signals are compared in the phase discrimi-
nator. The phase shifted 15 Hz variable bearing signal is used to produce a 40
degree gate. In search operation, the bearing circuits are continuously being
drivetj and the 40 degree gate is continuously being shifted until the gate and the
15 Hz reference bearing signal coincide. At coincidence, the indicated bearing
Is within 20 degrees of the actual aircraft bearing.

When the 15 Hz reference signal is coincident with the 40 degree gate, the ref-
erence signal gate stage provides a signal to actuate the search-track relay.
The relay transfers control of the indicator beé.ring servo loop to the phase dig-
criminator which is controlled by the fine bearing signals. Square waves are
produced from the 135 Hz variable bearing signal and applied to the phase dis-
criminator. When the two signals are not properly in phase, the discriminator
develops a polarized error signal. The error signal is amplified and used to
drive the bearing servo motor. As the motor drives, the 135 Hz variable bear-
ing signal is shifted in phase by the bearing resolver to bring the variable bear-
ing signal and the reference bearing signal into the proper phase relationship.
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As this occurs, the discriminator output decreases to zero and the bearing servo
motor stops. The phase shift necessary to maintain this coincidence is measured
by a synchro transmitter to provide an accurate indication of the ground beacon
station bearing.

INSTRUMENTATION COUPLER

The instrumentation coupler receives all range and bearing information signals
from the TACAN RT unit and distributes them to the BDHI's and HSI's. Bear-
ing, distance, and distance flag signals are fed directly to the appropriate
BDHI's. No. | instrumentation coupler outputs are sent to the pilot's BDHI and
the navigator's No. | BDHI. No. 2 instrumentation coupler outputs go to the
copilot's BDHI and the navigator's No. 2 BDHI. TACAN outputs are also pro-
vided by the No. | instrumentation coupler for use by the AN/ASN-24 navigational
computer. These outputs consist of distance and bearing information. In addit-
ion, outputs of the No. 2 instrumentation coupler are provided for use by the
AWLS autopilot system.

A bearing resolver within the instrumentation coupler is used in conjunction with
a resolver in the HSI to provide deviation and to-from signals. The resolver in
the instrumentation

coupler is positioned DEVIATION
. |

as a function of 135Hz RESOLVER PHASE e

TACAN bearing, REF COMPARATOR | FLAG

while the HSI resolver
is positioned as a

function of selected o

course. Both re- M j

|

|

I

e

solvers are con- |
nected to deviation l
and to-from detec~

tor circuits in the LHse
instrumentation

coupler. These

circuits measure any 90°
existing difference L pHASE
between the selected SHIFTER
course and the
actual course.
When the two sig- TO-FROM AND DEVIATION

nals do not agree, BLOCK DIAGRAM

the deviation ‘

circuits develop a D-C voltage which is applied to the course deviation indicator
of the HSI, This indicator presents lateral deviation of the aircraft to the right
or left of the desired course. It also presents the desired track; when the
deviation bar is to the left of center, the aircraft is right of the selected course.

PHASE
COMPARATOR

RESOLVER Ema——

TO-FROM
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The instrumentation coupler also provides a signal to the to-from indicator of
the HSI and reliability signals to the deviation warning flag,

SYSTEM PECULIARITIES

Although the channel selector switches on the control panel do not give an indi-
cation of channel frequencies, it is always possible to compute both the trans-
mitter and receiver frequencies for any selected channel. Since there are 126
selectable channels which increase from 1 - 126 in 1 MHz steps, knowing the
transmitter frequency for only channel 1 will suffice for computing the frequencies
of any other channel. Example: the channel 1 transmitter frequency is 1025
MHz. To compute the transmitter frequency for channel 39, merely add 38 MHz
to the channel 1 frequency (1025 plus 38 = 1063 MHz). To find the channel 119

transmitter frequency, add 118 MHz to the channel 1 frequency (1025 plus 118 =
1143 MHz).

In computing the receiver frequencies, it must be remembered that the receiver
operates in two bands. Channels 1 - 63 use the low band input; channels 64 - 126
use high band. In low band, the receiver frequency can be determined by sub-
tracting 63 MHz (IF) from the transmitter frequency. Example: channel 39
transmitter frequency minus IF equals receiver frequency (1063 minus 63 = 1000
MHz). In high band, the receiver frequency is computed by adding 63 MHz (IF)
to the transmitter frequency. Example: channel 122 transmitter frequency plus
IF equals receiver frequency (1143 plus 63 = 1206 MHz).
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LORAN-C SYSTEM

GENERAL

The AN/APN-157 LORAN-C system enables the navigator to accurately
determine the geographic pogsition of the aircraft. The LORAN receiver
measures and presents, as numerical readouts, time differences in the
reception of signals from 100 KHz fixed frequency ground transmitters.

Each group of ground transmitters, called a LORAN chain, consists of
one master station (M), and two slave stations (Sx and Sy). All station
groups transmit a pulse-modulated, fixed frequency 100 KHz signal. Each
LORAN-C pulse congists of 20 100 KHz sine waves which rise to a maxi-
mum amplitude in 5 cycles. The master station transmits 9 pulses and
each slave station transmits 8 pulses in a LORAN-C interval. The LORAN-
C chains are distinguished by the pulse recurrance interval; (the time re-
quired for a chain to complete its transmission interval). The 100 KHz
carrier is phase coded (inverted) in a logic pattern to aid in signal identi-
fication and to avoid sky-wave contamination. One numerical read-out on
the LORAN-C receiver will indicate the M-Sx time difference, while the
other read-out indicates the M-Sy time difference. These time differences
represent distance differences, and are used to identify a pair of hyper-
bolic lines on the LORAN~C navigation chart. The point of intersection of
the two hyperbolic lines indicates the aircraft's position.

In addition to the numerical read-outs, the LORAN receiver presents a
visual display on a Cathode Ray Tube (CRT) to aid in signal identification
and lock-on operation. Another function of the AN/APN-157 receiver is
the translation of time differences into digital form. This digital infor-
mation is fed to the AN/ASN~24 computer.
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AIRCRAFT INSTALLATION

The R-1214 LORAN receiver and test receptacle are located at the navigator's
station. The PP-3866 power supply is in the center underdeck avionics equip-
ment rack. The antenna is part of the aft fairing of the horizontal stabilizer
bullet, and the CU~1568 antenna coupler is inside the bullet.

Single phase A-C power is supplied from the A-C nav bus No. 1, and D-C power
is supplied from the main D-C avionic bus No. 1. The system circuit breakers
for the system are on the avionics circuit breaker panel. This panel is located
above the navigator's instrument panel.

SYSTEM OPERATION

To make time-difference measurements, the operator must first manually align
the receiver generated track strobes with the received LORAN signals.

The Visuval Display
illustration shows a
visual display of one
complete LORAN
cycle as transmitted
by the ground trans-
mitters. The master
pulse train consists
of eight pulses spaced
1, 000 usec apart, and
a ninth identification
pulse that lags the

MASTER STROBE SLAVE A STROBE

MASTER SLAVE X

NOTE:

eighth pulse by 500 to SLAVE B STROBE - v PATTERN WITHOUT
INTERFERENCE

1209 usec.. flac?sla;fle SLAVE v APPROX IMATELY

rain consists of eight LOCKED ON.

pulses with 1, 000 usec

spacing. VISUAL DISPLAY

The receiver generates eight master, eight slave A, and eight slave B track
strobes. These track strobes are spaced 1, 000 usec apart and must be manually
aligned with the received pulses for time difference measurement. Once the
tracking circuits are locked on, the receiver continuously gives a numerical
read-out of the time differences.

The timing of the ground stations is arranged go that the master pulse train will

be received first regardless of the aircraft's position. Also, the slave X pulses
will be received before the slave Y pulses. This is accomplished by using the
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master station as a time reference and delaying the slave transmission an amount
that is a function of the distance between the transmitters.

LOCK-ON PROCEDURES

All controls and indicators for LORAN operation are located on the front panel of
the R-1214 receiver as shown in the '"Loran Receiver, Controls and Indicators'
illustration. The ON-OFF-STBY switch@energizes the APN-157. The Pulse
Repetition Rate (PRR) is selected by the basic rate switch @ and the specific
rate switch @ - Forty-eight pulse repetition rates are available for use. The
PRR of a LORAN chain may be found on the navigation charts.

Since the time difference measurements are referenced to the master station, the
operator must first align master strobes with master pulses by use of the M-
DRIFT control . M-~GAIN control@varies the amplitude of the received mas~-
ter pulses. =¥isual display @monitors Radio Frequency (RF) signals when RF/
Video selector @is placed in the "WIDE" position or the "NARROW" (more se-
lective) position. The '"NOTCH'" position of the RF/Video selector enables moni~
toring of CW interference. The "VIDEO ENV" (envelope) position allows viewing
of pulse envelopes. Sweep speed switch selects "S" (slow), "M" (medium), or
"F'" (fast) sweep. Video amplitude is controlled by GAIN control .

Once the master strobes are locked on, the slave A strobes can be aligned with
the slave X pulses by operating "SA-SLEW" control @ Slave A RF amplitude
is controlled by GAIN control @ After alignment, the video display should be
set for video envelope monitor and fast sweep speed. M-SA, M-SB switch
must be set to the "M-SA'" position.

The video envelopes should be aligned to correspond to the correct phase code
shown in the "Loran Receiver Visual Display" illustration. The master envelope

CORRECT PHASE CODE INCORRECT PHASE CODE

RECEIVER VISUAL DISPLAY(F SWEEP)
PHASE CODE TEST

is on the top trace and the slave X envelope is on the bottom trace. The illug-
tration of an incorrect phase code indicates an improper phase relationship

12-4 VOL. VI
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between the received signal and the internally generated reference signal. CYCLE
SHIFT switch @ must be actuated to create proper phase of the two signals.

The M-SA time difference indicators s @ s read the envelope difference
{coarse) and the phase difference (fine). ENVELOPE SETTING indicates any
deviation between the envelope counter and the phase counter. The M-SA time
difference shown in the “"Visual Display" illustration reads 17,410 usec. The next
step in the lock-on procedure is the alignment of slave B strobes with slave Y
pulses. The strobes are moved along the time axis by slave B SLEW control

' Slave B RF amplitude is adjusted by slave B gain control @ . M-SA,
M-SB switch must be in the "M-SB" position. Proper M-SB alignment will yield
the correct phase code display as illustrated in the "Visual Display' illustration.
In this case the slave Y envelope is on the bottom trace. M-SB time difference
indicators @ 0 @ , read distance information in microseconds.

The STOP COUNTERS pushbutton switch (18) stops both M-SA and M-SB time
difference indicators for 5 seconds so that the operator may note the readings.
The distance information in microseconds will identify a pair of hyperbolic lines
on the LORAN navigation chart. The intersection of the two lines gives the air-
craft's position.

The lost signal lamps @, , @ should extinguish when valid LORAN signals
are locked on. Once the lamps are extinguished switches , @, and may
be placed in "AUTO". This maintains the RF gain at a preset level. The manual
gain controls are bypassed when automatic gain is selected.

SKY WAVE GUARD

To insure that the APN-157 is not tracking sky-waves, the receiver generates
guard strobes 40 usec ahead of the track strobes. Since the sky-waves lag the
ground waves by 30 to 50 usec, coincidence of guard strobes and ground wave
pulses indicates that the LORAN receiver is locked on a sky wave. The master,
slave A, and slave B guard circuits are actuated by switches s @ and @
respectively. If either master, slave A, or slave B is tracking a sky wave, the

SKY WAVE lamp @will illuminate. If this occurs the receiver must be realigned
to track the desired ground wave.

INTERFERENCE REJECTION

R¥ REJECT controls @andand video reject controls @ and @ are pro-
vided to reduce CW interference. Each control rejects an individual frequency
from 70 to 130 KHz. To set these controls the RF/Video switch should be placed
in the "NOTCH'" position. The right video reject control @ should be adjusted
for maximum interference as presented on the CRT. Next, the left RF REJECT
control@ should be adjusted for minimum interference amplitude on the CRT.
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Following this, readjust the right video reject control until another interferen.ce.
frequency is maximized. Then adjust the right RF REJECT controlfor rini~
mum interference.

Again adjust right video reject to another interference frequency and adjust 1§ft
video reject control’ for minimum interference. The ﬁlast step is to set right
video reject to a fourth interference frequency. This completes the interference
rejection set~up. Each reject control is now set to filter an individual frequency.
If only one interference frequency is present, each reject control may be set to
that frequency.

SPECIFICATIONS

The operating characteristics of the R-1214/APN-157 receiver are as follows:

CHARACTERISTIC SPECIFICATION

Power requirements 115 £ 10 volts ¥ 20 Hz single phase,
1.6 amperes.

28T 4.0 volts, DC, 2.0 amperes
maximum. 6.3 volts, 400 Hz, single
phase, 3.5 amperes maximum.,

Weight (pounds) 54.70

Size (inches) 7.75 height

' 15.5 width
22.8 depth

Frequency range 100 KHz with a bandwidth of 90 to
110 KHz

Repetition rates Six basic rates modified by eight

specific rates making a total of 48
different rates.

Type of reception Amplitude~-modulated (pulsed) signals
conforming to LORAN-C patterns and
repetition rates.

Receiver output Two four-digit and two one-digit
numerical readouts on front panel.
LORAN Receiver R~1214/APN-157 pro-
vides, also, remote readout of time-
difference data with four encoders.
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SPECIFICATIONS (continued)

CHARACTERISTIC

SPECIFICATION

Ambient operating temperature range

Type antenna required

Frequency Control:
a. Oscillation frequency

b. Crystal stability with tem-
perature

¢. Crystal operating temperature

d. Frequency accuracy

-54°C (-65°F) to +55°C (+131%F,

Long-wire type. Vertical electrical
height greater than two meters.

a. 100 KHz I ppm

b. Maximum frequency drift 1 part
in 107 for a 40°C change within
range of 00C (+329F) to +65°C
(+149°F).

c. +70°C (+158°F) under oven con-
trol

d. After one hour warmup maximum
frequency drift in five-minute
period, 3 parts in 108, Maxi=
mum frequency drift in 24-hour
period, 5 parts in 108,

The output voltages, regulation percentages, and current values of the PP-3866/

APN-157 power supply are as follows:

POWER SUPPLY PP-3866/APN, OUTPUT VOLTAGE AND CURRENT

VOLTAGE REGULATION MAXIMUM CURRENT
(VOLTS) (PERCENT) (AMPERES)
DIRECT CURRENT

-12 0.25 2.0
=55 0.25 0.15
+55 0.25 0.45
=11 5.0 0.8
-30 5.0 0.01

+28% None 1.5

+15%% None 1.5
ALTERNATING CURRENT (400 Hertzs)

115% None 1.5

* Voltage is fed through power supply from aircraft source,
** Peak voltage, full-wave 400-Hertz rectified and unfiltered,

12-8
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BLOCK DIAGRAM THEORY OF OPERATION

LORAN~C CHAIN

LORAN-C is a hyperbolic navigation system operating on a pulsed 100 KHz
carrier frequency. A LORAN-C chain usually consists of one master station
and two slave stations. However, the chain is not restricted to two slave
stations. The bottom portion of the "Loran-C Chain" illustration shows a star
and a square LORAN chain that employs three slave stations. The M-Sx, M-Sy
and M-Sz each comprise a LORAN pair. Time difference measurements are
made between the signals of any two pairs selected by the airborne receiver
operator. The top portion of the "Loran Chain" illustration shows a typical triad
LORAN chain arrangement.

Each hyperbolic line shown in the illustration identifies the RF arrival time differ-
ence of LORAN transmitter pairs. The intersection of these hyperbolic lines
accurately locates the geometric position of the aircraft up to approximately 1200
nautical miles.

The master station signal, consisting of nine pulses, is always the first trans-
mission in a station group signal cycle. Following this are the pulse groups of
slave stations X, Y, and Z (if used) in that order. The time required to com-
plete one LORAN cycle is called the pulse recurrance interval.

A total of 48 repetition rates are available in the APN-I57 system, as shown in
the '"Repetition Rate' illustration.

PULSE REPETITION RATES (MICROSECONDS)
SPECIFIC
RATE BASIC RATE SELECTION
SELECTION SS SL SH S L H
0 100, 000 80,000 | 60,000 | 50,000 40,000 30,000
1 99,900 79,900 | 59,900 | 49,900 | 39,900| 29,900
2 99,800 79,800 | 59,800 | 49,800 39,800 29,800
3 99,700| 79,700 | 59,700 | 49,700 | 39,700 29,700
4 99,600] 79,600 | 59,600 | 49,600 39,600 29,600
5 99,500] 79,500 | 59,500 | 49,500 | 39,500 | 29,500
6 99,400| 79,400 | 59,400 | 49,400 39,400 | 29,400
7 99,300 79,300 | 59,300 | 49,300 | 39,300 29,300

Note that the time required to complete one LORAN cycle at PRR 50 is 50, 000
microseconds. Thus the ground transmitters will repeat the sequence of pulse
groups 20 times in one second., 4
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In addition to being patterned in timing and sequence, the LORAN signals are
also phase coded. The 100 KHz RF carrier has a 180 degree phase difference
relationship between the phase code designated plus and the phase code desig-
nated minus. Individual pulses with 180 degree phase differences are shown in
the '""Phase Coding Sequence'! illustration.

PHASE CODING SEQUERNCE

LORAN CYCLE MASTER SLAVE

FIRSY CvyCLE L2 SRR T I $edbb-=¢
SECOND CYCLE $e=dbdbdbd bedod o

The LORAN chain has two phase coding patterns. The ground transmitters al-
ternate between these two patterns. The phase coding for Sx, Sy, and Sz is the
same for any one LORAN cycle. Phase coding is used to prevent sky-wave con-
tamination of the LORAN signals.

LORAN RECEIVER

The basic function of the R-1214/APN-157 LORAN-C receiver is to measure the
R¥ arrival time difference of two master-slave pairs. For increased accuracy
the receiver measures both envelope and phase time difference. The envelope
time difference (coarse) and the phase time difference {fine) comprise the nu-
merical readouts.,

A functional diagram of the LORAN receiver is shown on page 12, The time
difference readings produced by the receiver are developed by the action of two
primary servo loops, each of which consists of three sub loops. The subloops
of the envelope servo loop are as follows:

® Master envelope servo loop

@® Slave A envelope servo loop

® Slave B envelope servo loop

VOL. VI 12-11
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The sub~loops of the phase servo loop are as follows:
® Master phase servo loop
@ Slave A phase servo loop
® Slave B phase servo loop

The function of the master envelope servo loop is to shift the phase of a master
10 KHz reference signal along the time axis. The slave A and slave B envelope
servo loops drive envelope counters.

The function of the master phase servo loop is to shift the phase of a master 100
KHz reference oscillator. The slave A and slave B phase servo loops drive
phase counters.

The incoming RF is applied to the sky-wave guard circuits and to the AGC RF
amplifiers. The AGC RF amplifiers have outputs to the two primary servo loops
and to the visual display. The AGC and lost signal circuits sample the RF en~-
ergy in the envelope servo loop.

Receiver time sharing permits the use of common circuits. The "Basic Timing
Waveforms' drawing illustrates the timing waveforms that enable time sharing.
The master interval starts the LORAN cycle of the receiver. Note that the slave
A interval begins at the end of the master interval and the slave B interval be~
gins with the end of the slave A interval. The period of the LORAN cycle is de-
termined by the PRR setting. Three identical divide~by~ten counters in the tim-
ing circuits are used to produce timing pulses from the master 10 KHz signal.
The basic counting device in each circuit is a magnetic beam switching tube that
produces one output signal from any particular terminal for every ten input

- pulses. The timing pulses are fed to the basic and specific rate switches lo-
cated on the receiver front panel. The output of these switches resets the count-
ing decades so that another LORAN cycle may begin.

The master, slave A, and slave B gates shown in the "Basic Timing Waveforms"
illustration control a multipulse generator. The pulses out of this generator are
spaced 1, 000 microseconds apart and are used to develop track and guard strobes,
as well as inputs to the phase code logic circuits. The output of the phase code
logic circuits determines the phase inversion pattern of the master 100 KHz ref-
erence signal.

MASTER ENVELOPE SERVO LOOP

The master envelope servo loop causes time synchronism between the receiver
generated master track strobe and the received master station pulses. The in-
phase coherent detector compares the two signals, removes the 100 KHz carrier,
and produces a negative-going envelope. The envelope deriver produces a cross-
over, or null, 27.5 microseconds after the beginning of the envelope. The nega-
tive polarity video envelopes are coupled to a paraphase amplifier. The positive

VOL. VI 12-13
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going envelope taken from the collector of the paraphase, (phase splitter), amp-
lifier is delayed by a LC network. The in-phase envelope and the delayed in~
verted envelope are added across a potentiometer to produce a derived envelope.
The potentiometer is adjusted to give a crossover point 27.5 microseconds after
the start of the envelope. The derived envelopes are fed to the in-phase strobe
detector (coincidence circuit) which has as a second input track strobes from the
strobe driver. The track strobes are pulses with a 10 microsecond width and
occuring at a 1 KHz rate. The function of the in~phase strobe detector is {o
sense any displacement of the track strobes from the crossover of the derived
envelope. Any displacement develops an average D-C voltage, the polarity and

FROM CROSSOVER ADJ

COHERENT //// 27.5u sEC
Lc ,
—r >!//’\ ™ bELAY o / E//\ S

wa;\\ g DETECT | ON
ENVELOPE DERIVER

SR

Kuwjy CROSSOVER POINT

MASTER IN-PHASE 100KHz REF INTEGRATOR
RF FROM (DURING MASTER INTERVAL) M & SA AMPL
ANTENNA INTERVALS
COUPLER v ? i
RF IN=PHASE ENVELOPE IN-PHASE INTEGRATO
AMPLS el COHERENT [t SERIVER @ STROBE i CHOPPERSR
DETECTOR DETECTOR
% TRACK STROBES !
AGC
MASTER
CHOPPER gggﬁi. TIME ELECTRONIC
AND STROBE |[a—— MULTIPULSE SHARING PHASE
DRIVERS GENERATOR CIRCUITS SHIFTER
. 1 )
MASTER -
INTERVAL MasTER 10KHz
TO SLAVE ENV @
RESOLVERS AND
DIVIDE BY
FREQ DIVIDER
DRIFT RATE N DRIFT @] 1O0KHzZ . TEN
GENERATOR MODULATOR AMPL CIRCUIT

MASTER T1O0KHz rer

MASTER ENVELOPE SERVO LOOP
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amplitude depend on the direction and amount of displacement. The D-C voltage
is integrated and applied to an electronic phase shifter. The master 10 KHz ref-
erence used to develop track strobes is phase shifted along the time axis until
the strobes align with the crossover points of the derived video.

The drift rate generator and modulator are used in initial lock-on to shift the
phase of the master 100 KHz reference signal. Divide~by~ten circuits convert
the 100 KHz to a master 10 KHz reference that is applied to the electronic phase
shifter.

SLAVE ENVELOPE SERVO LOOP

The slave envelope servo loop is identical for slave A and slave B; only slave A
will be discussed. The RF amplifiers, in-phase coherent detector, envelope
deriver, and strobe detector are the same circuits used in the master envelope
servo loop. Multiple use of the circuits is possible because of time sharing.

Operation of the coherent detector and the envelope deriver is the same as the
master envelope loop. However, the in-phase strobe detector, in addition to
developing the error between the track strobes and derived envelope, stores the
slave A error signal. Within the same module, the slave A error voltage and
the master error voltage are compared. Any voltage difference is fed to the
tach summing chopper where the M-SA error voltage develops the 400 Hz signal
that is needed to drive the slave A servo motor and amplifier. Since the envelope
servo is referenced to the 10 KHz from the master envelope servo loop (through
the envelope resolver), the amount of slave envelope shaft rotation required to
null the loop is a measure of the time difference between the master and slave
RF pulses. The envelope counter is calibrated to read time difference in micro-
seconds.

The envelope servo generates a rate feedback to the tach summing circuits for
the prevention of overshoot. The servo also drives three rotary sampling swit~-
ches that furnish digital inputs to the slave interval generator. The slave inter-
val generator develops all timing waveforms affecting operations of the slave A
signals.

The slew control enables the operator to drive the servo loop along the time axis
during initial signal lock-on. Since the accuracy of the envelope time difference
measurements is limited by the width of the track strobes (10 micro-seconds),
phase-aid from the slave phase servo loop-drives the envelope loop to finer
resolution.

MASTER PHASE SERVO LOOP

The master phase servo loop functions as an automatic frequency correcting and
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phase correcting device.

It maintains a 90 degree (quadrature) phase relation-

ship between the 100 KHz carrier and the quad phase 100 KHz reference signal

from the timing and phase code circuits.

Phase comparison is accomplished by

the quad-phase coherent detector. If the two signals are out of quadrature, an

AGC TRACK STROBES
- -p
RF . QUAD-PHASE N Quad OHQSE INTEGRATOR INTEGRATOR
AMPLS COHERENT STROB CHOPPERS AMPL
DETECTOR DETECTOR
RF FROM MASTER M & SA MASTER
ANTENNA QUAD-PHASE INTERVALS PHASE
couPLER 100KHz REF ERROR
PHASE TIME 1O0KHz
CODE L SHARING CRYSTAL
GENERATOR CIRCUITS osc

MASTER I
INTERVAL

MASTER 100KHz
TO FREQ DIVIDER
AND SLAVE PHASE

RESOLVERS

MASTER PHASE SERVO LOOP

error D-C voltage is developed which is proportional to the phase error. The
quad-phase strobe detector is essentially a sampling circuit that is gated on by
the track strobes. The error voltage is integrated and then used to shift the
phase and frequency of the 100 KHz master oscillator. Thus the internally gen-
erated 100 KHz is frequency and phase locked to the incoming RF signal. Feed-
back for the servo loop is through the time sharing circuits and the pahse code
generator.

SLAVE PHASE SERVO LOOP

The slave phase servo loop is identical for slave A and slave B operation. Only
the slave A loop will be discussed below. The slave phase servo loop has two
functions: it increases the accuracy of the time difference measurement, and it
gives mechanical aid to the slave envelope servo. This servo uses the same
quad-phase coherent detector and the same quad-phase strobe detector as the
master phase loop through time sharing.
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The error signal out of the strobe detector goes to a bandwidth detector which
functions as a threshold device. If a large error signal is present, the band-
width detector causes a relay in the bandwidth switch to energize. The energized
relay reduces the time constant of the slave phase integrator, causing the servo
loop to move at a fairly rapid rate. As the error voltage decreases, the relay
in the bandwidth switch deenergizes and the servo loop moves at a slow rate.
Therefore the bandwidth switch serves to smooth servo response. The tach
summing circuits act as a speed control to minimize overshoot as the servo
approaches a null pogition. The slave phase resolver takes the master 100 KHz
reference, shifts the phase according to the angular shaft position from the
mechanical drive, and produces an output to the time sharing circuits and the
phase code generator. The output of the phase code generator becomes the slave
quad-phase reference. The resolver will shift the phase until the error signal
is nulled.

AGC AND LOST SIGNAL CIRCUITS

The circuits shown in the "Lost Signal Block Diagram" illustration have a dual
function. First, the amplitude of the video envelopes is processed to produce

an Automatic Gain Control (AGC) voltage for the master, slave A, and slave B
intervals. The second function is the triggering of lost signal indications when
the RF amplitude is below a threshold level. The video envelope input to the AGC
strobe detector is taken from the in-phase coherent detector of the envelope ser-
vo loops. The AGC strobe detector is time shared for the three intervals.

The negative~going track strobes gate the strobe detector which produces a D-C
voltage proportional to the amplitude of the video envelope. This chopped D-C
voltage is applied to separation circuits where outputs are selected according to
the respective intervals., The separation circuits have outputs to the master,
slave A, and slave B linear detectors. The linear detectors produce a D-C
voltage that is proportional to the average signal input.

The detected AGC voltage for each interval is coupled to the time-shared inte~-
grator,and at the same time to the three threshold circuits. The integrator
compares individual D-C levels with a reference voltage. The time shared
difference voltage out of the integrator adjusts the RF amplifier gain so that the
LORAN signal level in each interval remains the same. Manual gain is enabled

when the LORAN receiver front panel AUTO/MAN switches are set to the "MAN"
position.

Three identical threshold circuits are used for lost signal detection. Loss of

signal switches a tunnel diode which in turn deenergizes the lost signal relay.
The deenergized relay causes the LOST SIGNAL lamp to illuminate.

12-20 VOL. VI
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Sky waves occur when the ionsphere reflects LORAN pulses toward the earth.
These sky waves lag the ground waves by 30 to 50 microseconds. The LORAN
receiver generates guard strobes 40 microseconds ahead of the track strobes;
therefore coincidence of guard strobes with ground waves indicate that the track
strobes are locked on sky-waves. The guard coherent detectors as shown in the
"Skywave Guard Block Diagram' remove the 100 KHz carrier and the video
envelope is coupled to the strobe detectors. Both strobe detectors act as samp-
ling circuits that are gated on by the guard strobes. The output signals are
summed, amplified, and applied to a linear detector. If the D-C voltage pro-

~ duced by the linear detector is of high amplitude, a tunnel diode in the threshold
- circuit will switch to its high resistance state. The sky wave alarm relay will
then be deenergized and the SKY WAVE lamp will illuminate.

The guard circuit is gain controlled by the Noise Gain Control (NGC) circuits.
Pulse envelopes are taken from the in-phase coherent detector and applied to a
linear detector. The detector produces a D-C output proportional to the average
amplitude of the envelopes. The gain control voltage is amplified and then ap-
plied to the first two stages of the NGC RF amplifier.

VISUAL DISPLAY

The visual display system as shown in the "Visual Display Diagram'' presents
the received LORAN signals along with the internally generated track strobes on
an oscilloscope mounted on the receiver front panel. In the lock-on procedure
this display is used to align the receiver tracking circuits.

Three sweep speeds are used, slow (S), medium (M), and fast (F). In the slow
sweep a complete LORAN cycle (master and both slave signals) is presented on
a split trace. The master and part or all of the slave A signals are on the top
trace and the slave B signals are on the bottom trace. Medium sweep speed
displays the nine master pulses on the top trace and either the eight slave A or
the eight slave B pulses on the bottom trace. Fast sweep displays eight master
pulses superimposed on the top trace and either the eight slave A or the eight
slave B pulses superimposed on the bottom trace.

Two horizontal sweep generators are used to produce the three separate sweep
speeds. In slow sweep operation the M (master) trigger starts the top portion
of the trace and the negative 2 PRR starts the bottom portion. The slow sweep
one shot multivibrator triggers the slow sweep generator. The duration of the
linear sweep output of this generator is determined by the basic rate switch on
the receiver front panel. The sweep voltage is applied to deflection plate D1 of
the CRT. Push-pull deflection is accomplished by inverting the linear sweep
and applying it to D2.
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In the medium sweep the M trigger starts the top trace and the slave A or slave
B trigger starts the bottom trace. In fast sweep the top portion of the trace is
started by the master interval and the bottom trace is started by the slave A or
slave B interval. The duration of the linear sweep of the medium-fast sweep
generator is determined by the position of the S~M-F switch on.the receiver
front panel.

Trace separation is accomplished by applying two different voltage levels to de~
flection plate D3. The retrace amplifier applies a high voltage step to D3 during
flyback to deflect the electron beam off the screen.

The video selection circuits are shown in the top portion of the '"Visual Display"
illustration. The inputs to the video section include LORAN RF, track triggers,
and the derived video envelope. With the RF/VIDEO switch positioned to "WIDE",
the LORAN RF signals are fed directly to the video amplifier. With the switch in
the "NAR'' position, greater selectivity is achieved by placing filter network 7
1851 in the RF line. Two notch filters are used to reject unwanted CW interfer-
ence. With the RF/VIDEO switch in the "NOTCH" position the CRT will display
the maximum CW interference from notch filter No. 2. These signals, along
with the video envelope, may be selected and coupled through the gain control to
the video amplifier. The output of the video amp is combined with strobe markers
and applied to vertical deflection plate D4.

ENCODERS

The four encoders in the R~1214/APN~-157 receiver translate the mechanically
driven readouts (analog) into digital information for use by the ASN-24 airborne
computer. The M-SA and M~SB envelope servos, along with the M~SA and M-SB
phase servos drive the four encoders. The encoders give an output upon recep-
tion of a "Q" (trigger pulse) from the ASN-24. The angular position of the en-
coders produce a digital pulse train output.

POWER SUPPLY

The PP-3866/APN-157 power supply provides all voltages necessary for LORAN
operation with the exception of the 6. 3 volts, AC needed for receiver front panel
illumination. Both the 115~-volt, AC and 28-volt, DC from the aircraft power
source are fused in the power supply. The output voltages of the power supply
are shown in the "Specifications' section.

Three series regulators provide -12 volts, DC, =55 volts, DC, and +55 volts,
DC. Voltage dividers are employed to produce the -11 volts, D-C and the -30
volts, D~C outputs. The unregulated +15 volts, DC is fused within the power

supply and is the power source for the servo amplifiers in the receiver,
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Sensing leads connected at the receiver provide a monitor for the three regula-
tors. Any deviation from normal voltage levels will be coupled to the series
regulators. Each regulator is overload protected to prevent fuse blowing by
excessive load currents. When the load of any one regulated line exceeds 50
percent of its rated value, the output voltage of that line is dropped to about 20
percent of its normal value. In addition, the -55 volts, D-C and +55 volts, D-C
lines are dropped to 10 volts if the =12 volts, D-C line is shorted on overloaded.
This prevents transistor damage in the receiver. Overload lamps on the front
of the PP-3866 illuminate when a line draws too much current.

If the 28 volts, D=-C, 115 volts, A-C or the 15 volts, D-C fuse blows, lamps on
the power supply front panel illuminate. This is accomplished by placing the
lamps in parallel with the fuses, thus an open fuse will cause a large amount of
current to pass through the lamp.

ANTENNA COUPLER

The CU-1568/APN-157 antenna coupler amplifies and filters the RF signal and
matches the impedance of the 50 ohm line to the receiver. The coupler is tuned
to a bandwidth of 30 KHz. The signal gain is 15~20 DB while noise is attenuated
by approximately 30 DB. A lightning arrestor with a breakdown potential of 4300
volts prevents damage to the RF input circuits.
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volume VI chapter 13

NAVIGATION RADAR

GENERAL

The AN/APN-59B Radar system provides a visual indication of cities,
landmarks, shorelines, islands, and ships in the form of an electronic map
of the earth's surface below the aircraft. The radar also provides weather
warning for plotting cloud formations and weather disturbances and may be
used to interrogate ground beacon (RACON) stations as an additional aid to
navigation. All information is presented on display indicators at the pilot's
and navigator's stations.

/—- HEAD ING MARKER

RANGE
MARKERS™ | AZIMUTH RING
LAND
(BRIGHT ) —rd _L—sea (pArk)
LAKE ~—] [T~ ISLAND
L} SWEEP
COAST ~—
LINE e BH P
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AIRCRAFT INSTALLATION

The basic system consists of a Receiver-Transmitter (RT) unit, antenna, sta-
bilization data generator (gyro), Electronic Control Amplifier (ECA), radar set
control, synchronizer control, two indicators, two indicator power supply units,
two fans, and two radar Junction (J) boxes. Auxiliary components include an
antenna control, electronic marker generator, iso~echo control, and a generator
control. The antenna, stabilization data generator, ECA, and No. 2 J box are
in the radome. The radome is hinged to permit easy access to these units. The
control panels and one indicator are at the navigator's station, while the ISO-
FCHO control and the second indicator are on the glare shield above the main in~
strument panel. The synchronizer unit, marker generator unit, and both indi-
cator power supplies are in the center avionics equipment rack. The No. 1
radar J box is located approximately three feet forward of the center avionics
equipment rack.

Aircraft power required for system operation is supplied through circuit break-
ers on the avionics circuit breaker panel above the navigator's station. Power
required is 115 volts AC,from the A-C navigation bus No. 1, 115 volts, AC from
the A-C avionics bus No. 1, and 28 volts, DC from the main D-C avionics bus
No. 1.

Components of the system are shown in the cabling illustration. Each component
is designated by the short name normally used by maintenance personnel. The

J Dboxes are part of the aircraft installation, and provide test points as well as
interface of the units. Coaxial cables are used for signals such as Video, Main
Trigger, and Sweep. A waveguide connects the RT unit to the antenna. A radar
pressurization system makes the radar system independent of fluctuations in
atmospheric pressure caused by changes in altitude. The system maintains sea
level pressure in the RT unit and waveguide to prevent corona and arcing.

SYSTEM OPERATION

The radar system transmits and receives RF energy pulses at a nominal fre-
quency of 9375 megahertz (MHz). The system transmits a pulse of energy and
waits to receive echo signals, then transmits another pulse and again waits for
echo signals. This transmit and receive cycle (pulse repetition frequency) is
repeated many times a second. If the transmitted wave strikes the ground, some
of the energy is reflected back to the receiver. If the ground area is large and
irregular, a strong echo results. If the area is small or flat, the reflected energy
is small and the echo is weak. Since radio waves travel at the speed of light
(approximately 162, 000 nautical miles per second), there is an extremely short
time between transmission and reception. It is possible to measure elapsed time
in millionths of a second (microseconds). The time multiplied by velocity of the
RF energy provides distance of the displayed signals.
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The directional characteristics of the radar antenna provide azimuth angle in-
formation. The directional antenna transmits and receives energy in a narrow,
sharply defined beam. Therefore, when an echo is received, the direction of the
target is determined by the direction of the antenna,

Echo signals are displayed on a Cathode Ray Tube (CRT) in each indicator. For
each transmission, an electron beam produces a narrow trace of light on the tube.
The trace starts from the tube center and moves to the edge in a straight line. T
The time required for the sweep to move from CRT center fo edge is determined
by the range selected for the system. Radio energy travels one nautical mile in
6.18 microseconds (us). Since the energy travels out and back (round trip), the
time required to receive an echo from a target one mile away is 12.36 us (2 x
6.18 us). Therefore, if the selected range of the system is 50 nautical miles,
the time required for the sweep to move across the face of the CRT would be 618
ms (50 x 12.36 us).

DEFLECTION
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Since the trace starts when transmission occurs, traces or sweeps appear at the
Pulse Repetition Frequency (PRF) of the system. As the antenna rotates, the
indicator sweep follows the antenna azimuth change, Thus, the series of sweeps
represent puises of energy sent out successively as the antenna rotates. The re-
turning echo signals are applied to the CRT grid and intensity-modulate the CRT
beam. In thig way, a brightly illuminated map effect of the area covered by the
radar beam is displayed. This method of displaying radar information is called
a Plan Position Indicator (PPI) presentation.

Range markers are also generated and displayed on the indicator, along with the
received echo signals, to give a better indication of distance, The information
used to determine sweep lengths can also be used to determine intervals between
range marks. When 10-mile range marks are used, the interval between range
marks may be found by multiplying the time required for one radar mile by ten
{12.36 us x 10 = 123.6 us between markers ). These markers also intensity-
modulate the CRT beam and appear as bright spots, or circles, when the sweep
is rotated.

OPERATING CONTROLS

The radar set control panel and the synchronizer control panel contain the primary
operation controls. Additional controls are provided on the marker generator
control panel and the antenna control panel. Some minor controls are on the in-
dicators. Since control of the radar is the responsibility of the navigator, the
control panels are at the navigator's station. .

RADAR SET CONTROL

The FUNCTION switch is the master power switch for the radar. In the "OFF"
position, the radar ig inoperative. In "STDBY", the system is in warmup status.
A minimum of three to five minutes warmup period is provided by thermal relays,
even if the switch is moved to an operating position. A waveguide shutter protects
the receiver in the off or standby conditions.

When the switch is in "SEARCH", the system is operational for electronic map-
ping. The transmitter produces pulses of RF at 9,375 MHz. Echo signals are
received and detected, then displayed on the indicators. In "BEACON" operation,
the transmitter pulse width is changed to interrogate ground beacon stations. The
stations are sensitive to pulse widths of 2.35us. When interrogated, the beacon
station replies with g series of identification pulses at a frequency of 9, 310 MHz.
In "BEACON™" operation, the receiver doeg not respond to the search echo signals;
therefore, the indicators display only beacon replies. The "WARN" operation ig
the weather contour, or storm avoidance function. System operation remains the
Same as "SEARCH", except the transmitter Pulse Width (PW) is longer on short
range. The longer pulse width sacrifices signal resolution in order to obhtain
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sufficient reflected signal strength from cloud formations. On long range,
"SEARCH" and ”WARN" are identical.

The RANGE (NM) switch controls the range and range markers displayed on the
indicators. The system is capable of displaying a maximum range of 240 NM.
Since the system is airborne, it measures slant range. Four ranges and five sets
of range markers are used in determining distances.

The 30-mile range uses either one-mile or five-mile markers. This range is the
3 to 30-mile range, or expandable range, and is variable. The center of the in-
dicator presentation is zero and represents the aircraft position. Range displayed
can be 0 to 3 NM, 0 to 30 NM, or any value between 3 and 30 NM. The RANGE
3-30 control on the synchronizer control panel varies the range display. The dis-
played range is fixed on all other ranges. The 50 NM range uses 10 NM markers;
100 NM range uses 20 NM markers; and the 240 NM range uses 30 NM markers.
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The "SCAN'" switch controls the azimuth movement of the radar antenna and re-
flectors. The antenna can rotate 360 degrees in azimuth at approximate speeds
of 12 or 45 revolutions per minute (RPM). When the SCAN switch ig "OFF'", the
antenna remaing stationary. In "L, the antenna rotates counterclockwise at 12
RPM. In'R", the antenng rotates clockwise at 12 RPM.

In "SECTOR", the antenna will scan back and forth. The width of the sector scan
function, as well as the sector to be scanned, are controlled by the antenna con-
trol panel. The operation of the antenna control panel will be explained later in
this chapter.

The TILT control varies the position of the antenna reflectors. Positioning the
reflectors moves the radiated beam up or down from the zero tilt reference
position. The TILT operation is capable of positioning the beam up 10 degrees or
down 15 degrees.

The PATT (Pattern) switch selects the type of beam to be radiated from the an-
tenna by changing the lower portion of the reflector. The reflector has two lower
halves, but only one is used at a time. One reflector provides a reflector pro-
vides a beam which is narrow both vertically and horizontally,

The STAB switch is used to gyro-stabilize the antenng reflector with respect to
the earth's surface. This allows the antenna reference to remain level with re-
spect to the earth during pitch and roll of the aircraft. The stabilization data
generator is a vertical gyro which provides pitch and roll stabilization infor-
mation to the antenna. The antenna can be stahilized during airorail maneuvers
of 30 degrees roll {left or right) and 15 degrees pitch nose up, and 12 degrees
pitch nose down. Beyond thege limits, the indicator display will distort due to
mechanical limits in the antenna. When the STAB switch is off, the antenna
reference is locked to the aircraft.

The BEARING switch selects an azimuth reference for the indicator display. The
reference may he "REL" (aircraft heading) or "STAR" {magnetic). During rela-
tive operation, the top of the indicator is aircraft heading and the heading marker
occurs at zero degrees on the Indicator azimuth scale, When the BEARING switch
is in "STAB", the display is referenced to the magnetic compass system. The

to zero degrees. The HDG SEL control ig marked from 0 to 360 degrees. A
small window next to the control provides a fine reading in one-degree increments,
When the contro] reads zero, the top of the indicator is magnetic north and gir-
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The GAIN controls (coarse and fine) vary the receiver gain. Received signals
are detected and amplified in the receiver. The gain of the amplifiers is con~
trolled by the GAIN controls. The coarse control is usually turned clockwise
until the echo signals become visible on the indicator. The fine control is used
to trim the setting of the coarse control for the best display.

The Instantaneous Automatic Gain Control (IAGC) distorts the signals in the re-
ceiver to improve the indicator display. This switch is used as an anti-clutter
or anti-jamming control. Large amplitude signals cause bright areas on the in-
dicators. The IAGC decreases the amplitude of these large signals. The effect
of the IAGC circuit varies with the receiver gain control setting. When IAGC is
selected, the gain should again be varied for best indicator display.

The Fast Time Constant (FTC) switch inserts a fast time constant into the re-
ceiver. This circuit distorts long-duration signals to improve the indicator dis-
play. Long-duration signals blend together in the display. The FTC circuit
breaks up these signals into individual targets as an anti~clutter or anti-jamming
control,

The Sensitivity Time Controls (STC) vary the sensitivity of the receiver, start-
ing at the beginning of each sweep. The effect of STC gradually decreases with
range. Two controls are provided. The small knob is a switch and variable
control. The switch turns STC "on' and varies the STC effective range. Maxi-
mum range is approximately 40 NM. The large knob controls the amount of ef-
fect STC has on the signals.

The test meter and test meter mixer provides a check of circuit voltages and
currents. The meter monitors "LINE'" voltage to the radar, which is an indi-
cation of the 115 volts, AC from the avionics bus No. I. It also monitors "MAG",
which is an indication of magnetron current. In a radar operating mode, trans-
mitter operation is indicated by magnetron current. -

The "MIXER 1 and 2" positions allow monitoring of the receiver crystal currents.
The crystals are balanced and should indicate the same current. The "AGC 1
AND 2' positions allow monitoring of the automatic frequency control crystal
currents. These are also balanced and should indicate the same current.

All meter readings should be constant when using an operating mode. In ("STBY")
operation, the magnetron current is zero since the transmitter is not operating.
Crystal current readings cycle from minimum to maximum in standby, due to

the local oscillator and AFC circuits. When an operational mode is selected,

the readings will stop cycling as the AFC circuits lock on, The TEST METER
MIXER switch should remain in the "LINE'" or "MAG' position, except during
checks.
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An auxiliary meter (0 to 1 ma) can be plugged into a fuse box on the RT unit to
bypass the control panel meter. This allows meter readings to be made at btl?e
RT unit, during ground checks, The TEST METER switch controls the auxiliary
meter readings.

SYNCHRONIZER CONTROL

The synchronizer (SYNC) control containg controls which vary the i{;dicato_r ref-
erences. The RANGE DELAY control varies delay before start of the indicator
sweep. As the control is turned clockwise, a marker, similar to a range marker,
moves out from the center of the bresentation. This marker is used to select the
desired range delay. The indicator range markers are used ag references to
accurately set the amount of delay.

HDG O C} RANGE -
MK T MKs

RANGE
\ DELAY

OFF

SYNCHRON!ZER CONTROL PANEL

The RANGE DELAY switch turns the delay "ON™ op "OFF. " When the switch is "ON, "
the center of the indicator represents the delay set by the range delay control.
The indicator then displays the 3-30/5 mile range. The indicator Target Dig-
crimination (TD) lamp and 3-30/5 range lamp turn on in range delay operation.

The RANGE 3-30 control varies the range displayed on the indicator when the
30-mile range is selected, and also in range delay. The indicator displays from
0 to 3 NM when the control is counterclockwise. When the control is turned
clockwise, range will increase until 0 o 30 NM ig displayed,

When the antenna ig facing dead ahead, a switch ig actuated in the antenng, This
switch causes the heading marker to appear on both indicators, The marker
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always represents aircraft heading, When the control is turned counterclock-
wise, the mark will appear as a flash on the indicator or, if clockwise, the mark
will appear as a blank (dark) line on the navigator's indicator.

“he RANGE MKS control varies the intensity of the range markers. The marks
appear and brighten with clockwise rotation of the control.

MARKER GENERATOR CONTROL

The marker generator control provides variable control of precision markers
used to determine the range and azimuth of selected target. This information
may be supplied to a dead reckoning computer for navigation.

GROUND  AZ IMUTH GROUND ,
RANGE CLEARANCE
£ ET

|oooo|m|oooo-lom |ooooo}r
ey R s |

The GROUND RANGE~
SET control and count~
er are used to vary a
precision marker on
the indicator. The
marker appears as a
range marker on the
indicator display.

The counter numerals

Q @ D ‘Nﬁﬁﬁy :)ISO ECHO

provide a direct read- SCALE
ing of the marked PUSH @ 4
range in nautical COORD INSERTS

miles. This marker
can be positioned to a
target on the indicator
and will indicate either
slant range or ground range, dependent upon the GROUND CLEARANCE-SET
control.

MARKER GENERATOR
CONTROL PANEL

The GROUND CLEARANCE-SET control and counter also move the range marker.
The control is used to supply aircraft altitude, in feet, to the marker position so
that the range counter will display ground range. If the GROUND CLEARANCE-
SET control is set to the aircraft altitude, and the GROUND RANGE-SET control
is turned until the marker is on the indicator target, the GROUND RANGE counter
will read the ground range to the target. If GROUND CLEARANCE is not used

( positioned to zero), and the marker is positioned to the target with the GROUND
RANGE-SET control, the range counter will display the slant range of the target..
The combination of the two controls varies the position of the marker. Since
slant range is always greater than ground range, the GROUND CLEARANCE
setting decreases the GROUND RANGE setting required to position the marker to
a target. All range readings should be made directly from the GROUND RANGE
counter,
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Range lamps indicate the scale of the GROUND RANGE counter. A "0 to 30"

lamp and a "0 to 300" lamp are provided for the two scales. The 30-mile scale

is used when the radar set is operating on the 30~mile range. On all other ranges,
the 300-mile scale is used.

The AZIMUTH-SET control and counter vary a precision azimuth marker on the
indicator. This marker appears as a second aircraft heading marker. It is
variable through 360 degrees. If the control ig positioned until the marker
appears across the center of a selected target, the counter will read the target
magnetic bearing. Relative bearing can be obtained by comparing the aircraft
heading marker and the precision azimuth marker on the indicator display.

A MARKER INTENSITY control varies the intensity of the azimuth marker and
precision range marker on the display. Clockwise movement produces bright
markers and counterclockwise movement produces dark markers. When the
control is centered, no markers are visible,

The COORD INSERT (coordinate insert) push switch is used to transfer the target
ground range and azimuth to the AN/ASN=~24 dead-reckoning computer. When
pbressed, the switch completes 2 relay circuit in the computer. If the switeh ig
held, the data will be transferred to the computer. When the COORD INSERT
lamp comes on, the data transfer is complete and the switch can be released.

The ISO~ECHO control ig used during weather contour operation to locate the
center of a storm. When the control is turned CW, blank areas will appear in

A second ISO-ECHO control is on the pilot's instrument panel. It provides the
same function as the navigator's control. If the pilot's control is turned clock-
wise, the same results will occur. In addition, the ISO~ECHO lamp on the
marker generator control goes "on" to indicate pilot control of iso~echo. The
navigator's control is disabled when the pilot is in control of ISO-ECHO. The
capability for ISO-ECHO operation is not provided unless the marker generator
and marker generator control box are installed.

ANTENNA CONTROL

The antenna control box allows the sector width and relative bearing to be varied
when the radar get control scan switch ig in the "SECTOR" position. The
SECTOR WIDTH control varies the width of the sector to be scanned by the an-
tenna. The center of this sector is the relative bearing, set by the RELATIVE
BRG control. Aircraft heading may be sectored by placing the RE LATIVE BRG
control at 0 degrees, Sector width ig variable from a minimum of 30 degrees

(15 degrees left and right of center) to a maximum of 180 degrees (90 degrees
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left and right of cen~
ter). The center of
the area to be sec~
tored is variable 180
degrees left and
right, or a total of
360 degrees.

RELATIVE BRG =~ SECTOR WIDTH

NAVIGATOR'S
INDICATOR

The navigator's ANTENNA CONTROL PANEL
indicator receives

amplified video

signals from the synchronizer and displays them in a PPI presentation. A sta-
tionary azimuth ring and a rotatable cursor are used to determine target bearing.
A transparent reticle strip may be positioned horizontally for offset tracking of
targets. A heading marker appears each time the antenna points dead ahead of
the aircraft. In addition to the heading marker, a variable azimuth mark may
appear due to the AZIMUTH-SET control on the marker generator control. A
precision range mark, supplied from the marker generator may also be used.

FOCUS CONTROL V
nx\\‘f‘; » 28— INTENSITY

A =
‘ @) \‘ ‘e, a4 CONTROL

|_— CURSOR

AZIMUTH RING

RETICLE — \
: CURSOR
CONMYROL
: RANGE DELAY LAMP
DIAL DiM CONTROL —" VIDEO GAIN CONTROL

NAVIGATOR'S INDICATOR
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Azimuth reference for the navigator's indicator presentation can be aircraft
heading (relative) or stabilized. In stabilized operation, the reference is the
magnetic compass. Five range lights indicate which of the ranges and range
markers are in use, and a sixth light (I'D) indicates range delay operation. An
INT (intensity) control varies brightness of the pregentation, and a FOCUS con-
trol varies sharpness. Screwdriver adjustments may be used for video gain con-
trol and intensity limit. The dial-dim control is used to set brightness of the
edge lights around the indicator face.

PILOT'S INDICATOR

The pilot's indicator receives and displays information identical to that of the
navigator's indicator. The pilot's indicator algo has an azimuth ring, a rota-
table cursor, and a reticle. Five range lights show the range and range mar-
kers in use. A TD light indicates range delay operation.

CENTERING CONTROLS RANGE DELAY Lamp YMﬁE&@ﬁNG MARKER CONTROL

PERS ISTENCY

CONTROL“\\\

~YIDEC CONTROL

N

AZ IMUTH
RING-—

7cunsoa

CURSOR
CONTROL

BRILLIANCE
CONTROL

e RETICLE

e HOLD-ERABE~
MORM. SWITCH

7

BACKGROUNO“MJ/
CONTROL

e BEAR ING S5=R
SWITCH

DlaL DIM CONTROL~ = RETICLE CONTROL

PITLOT 'S INDICATOR
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Two screwdriver adjustments (CENT controls) permit centering of the display on
the face of the indicator. Vertical adjustment is from upper left to lower right;
horizontal adjustment is from upper right to lower left, The HDG MKR screw-
driver control may be used to supplement a similar control on the synchronizer
control box. Clockwise rotation of the VID control is used to increase the bright~
ness of video and range markers. The BKGRD control may be used to vary back-
ground intensity and to intensify display, and the BRILL control operates a pola-
roid filter for viewing in a dark environment.

The HOLD-ERASE~NORM switch allows for normal display or complete erasure.

In "HOLD", the display will be retained for a minimum of 60 seconds. In "ERASE",
all previous information is removed from the display and in "NORM", indicator
displays will be normal. A PERSIST (persistency) control permits a variable
erase function. Counterclockwise rotation of the control allows maximum erasure,
minimum time of display; clockwise rotation of the PERSIST knob allows a target
persistence of at least one PPI scéan.

By use of the BRG S-R switch, the pilot's indicator may be referenced in azimuth

to the relative heading of the aircraft, or it may be slaved to display the azimuth
reference of the navigator's indicator.

OPERATING FREQUENCIES

i

o Transmitter 9375 ¥ 40 MHz

I

& Receiver 9375 £ 40 MHz (radar) and 9310 MHz (Beacon)

® Intermediate Frequency = 30 MHz

it

& Power Output 50 kilowatts of peak power (minimum)

® Pressurization = Antenna and Waveguide: 15 pounds per square inch
(Minimum).
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PULSE CHARACTERISTICS

Range 3-30 NM 50 NM ; 100 NM 240 NM
Function PRF | PW PRF | PW PR¥ | PW PRF | PW
Search 2000 | 0.35us 1025 | 0.8 us 180 | 4.5 ug 180 4.5 ug
Warning 180 | 4.5 us | 180 | 4.5 us | 180 | 4.5 us | 180 |4.5 us

Range Delay 180 4.5 us 180 4.5 us 180 |1 4.5 us | 180 |4.5 us
Beacon 350 2.35 us 350 2.35 us 350 2.35 us | 180 2.35 us

Beacon

‘ 180 | 2.35us | 180 | 2.35us| 180 |2.35 us | 180 |2.35 us
{Range Delay)

ANTENNA OPERATING LIMITS

® PPIScan = continuous full rotation at 11 to 16 or 49 = 7 rpm. Speed of

rotation is dependent upon range and operation mode of the
radar.

e Sector Scan = continuously variable from 30 degrees to 180 degrees in
width at 11 to 16 rpm. Center of sector selective over
any bearing.

® Beam Shape = Pencil: 3 degrees wide, 5 degrees high (conical)
Fan: 3 degrees wide, 40 degrees high (approximately)

o Slant Range = from 80 yards to 240 nautical miles.

e Reflector Stabilization = Pitch: from 12 degrees nose down to 15 degrees
nose up

Roll: £ 30 degreeé

® Beam Tilt = from 10 degrees up to 15 degrees down
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BLOCK DIAGRAM THEORY OF OPERATION

RECEIVER-TRANSMITTER UNIT

The receiver-transmitter consists of the transmitter, microwave and AFC,
receiver, and power supply circuits. The transmitter generates the RF pulse
which is fed to the antenna via the microwave assembly. The microwave assem-
bly receives echo signals or beacon ground station transmissions. These signals
are mixed with a Local Oscillator (LO) frequency to produce a 30 MHz IF signal.
The receiver processes the IF and provides a video output to the synchronizer.
The Automatic Frequency Control (AFC) samples the transmitter and LO fre-
quencies and varies the LO frequency to maintain the 30 MHz IF. The circuits
used for AFC and receiver are part of the Electrical Frequency Control (EFC)
subassembly in the RT unit.

The low voltage power supply provides operating voltages for the radar system.
These voltage outputs can be checked from the fuse box. The power supply also
provides a 230-volt interlock voltage, which is used to interlock the high voltage
section of the transmitter to power supply operation. The high voliage power
supply provides a negative D~C voltage for the TR tube in the microwave assem-
bly. This voltage ensures that the tube will remain partially ionized, providing
receiver protection. The high voltage power supply also provides the line vol-
tage meter reading for the test meter.

TRANSMITTER SUBASSEMBLY

The transmitter produces the Pulse Repetition Frequency (PRF) and the Pulse
Width (PW). The modulator section of the transmitter contains a free-running
blocking oscillator which serves as the master oscillator. The primary functions
of the transmitter are to generate the RF pulse to be transmitted and to synchro-
nize the indicator presentations to this transmission.

A-C power is applied to the high voltage section of the transmitter through relays
which protect against circuit overloads. Relays also prevent the application of
high voltage until an.operating mode is selected and the thermal time delay is
over. The high voltage section changes the AC to 3, 000 volts, DC which is used
to charge a delay line through a choke and a holding diode. The choke raises the
delay line voltage to approximately 5,700 volts, DC due to the collapse of its
field. The holding diode prevents discharge of the delay line.

The delay line, referred to as a Pulse Forming Network (PFN), is divided into
four sections. The first section produces a 0.35 us pulse width; the first and
gecond sections in series produce a 0.8 us pulse width; the first three sectlions
produce a 2.35 us pulse width; and all four sections produce a 4.5 us pulse
width. A delay line switch, controlled by range and function selected, changes
the PRF and delay line sections.
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TRANSMITTER

The Blocking Oscillator (BO) produces pulses at one of four PRF's, dependent
upon range and function selected. The PRF is a continuous series of pulses
which establish timing of the radar. The BO frequency is changed by varying
rogistance in the grid circuit.

The BO pulses are applied to a cathode follower for circuit isolation. The out-
put triggers a thyratron switch tube. The switch tube conducts, shorting the
delay line to ground. The delay line voltage (5,700 volts, DC) decreases as the
delay line discharges through pulse transformers. An inverse diode prevents
reverse polarity on the delay line which might cccur if an impedance mismatch
existed between the delay line and pulse transformers.

When the delay line discharges, a negative step voltage is applied to the primary
of the pulse transformer. The secondary of the transformer provides a negative
15,000 voit pulse to the cathode of the magnetron. During the width of this pulse,
the magnetron oscillates at 9,375 MHz producing a power of 50 kilowatts peak,
minimum (approximately 45 dbm). This output is coupled into the microwave
assembly.
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The discharge current of the delay line also passes through the low impedance
primary of a second pulse transformer. The secondary winding is center-~tapped
to provide two small trigger pulses, identical and synchronized to the magnetron
trigger pulse. The negative trigger is the "main trig' output of the RT unit. The
positive trigger is the "aux trig'" output, used in checking the PRF and PW. The
positive trigger is also supplied to the receiver STC circuit.

MICROWAVE ASSEMBLY

The functionof the microwave assembly is to perform electronic switching re-
quired to permit the use of a single antenna for transmitting and receiving. The
switching is accomplished in a duplexer by TR and Anti~-TR (ATR) tubes. These
tubes have spark gaps in cavity resonators, broadly tuned to the transmitter
frequency. The tubes are filled with gas to allow a lower voltage breakdown.

The TR tube is in the receiver waveguide and is slightly ionized by a "keep-glive"
voltage. When a pulse is transmitted, the TR tubes fire immediately, blocking

the pulse from entering the receiver. The ATR tube is also fired by the trans-
mitter pulse. These tubes effectively close the wall of the duplexer waveguide,
providing a low impedance RF path into the reflectometer, waveguide, and antenna.

The reflectometer consists of an output waveguide which has two directional
couplers. The output waveguide directs the transmitter pulses to the antenna,
and the directional couplers provide test receptacles. One receptacle is used to
check transmitter power output and receiver sensitivity. Both receptacles are
used in conjunction to check Voltage Standing Wave Ratio (VSWR).

AFC CIRCUITS

When the magnetron is transmitting, a sample pulse is fed to the AFC mixers.
This pulse is mixed with the output of the radar LO to produce a 30~MHz, IF.
The signals are mixed and detected by balanced crystals in a "Magic T' which
provides isolation between input signals. The IF signal is amplified and fed to a
discriminator. If the frequency of the LO is correct (30 MHz above magnetron
frequency), the IF will be 30 MHz. If the oscillator frequency is high, the signal
will exceed 30 MHz and, if low, will be less than 30 MHz. ~

The discriminator output is amplified, inverted, and fed to a search stopper diode
and phantastron oscillator. A negative pulse has no effect on the diode and the
phantastron continues to oscillate. The phantastron output is a negative sawtooth

waveform which sweeps the LO to a higher frequency by varying repeller plate
voltage.

VOL. VI : 13-19
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When the LO reaches a frequency R ngl,;l‘ ER

that produces an IF slightly above
30 MHz, the discriminator output
becomes a negative pulse. The
negative pulses are amplified, in-
verted, and applied to the search
stopper diode. The diode devel-
ops a negative bias for the phan-
tastron which then stops oscillat-
ing. The phantastron then ap-
plies a steady DC to the repeller
plate to maintain the correct LO
frequency.

TUNING
BOWS

CAVITY —

CATHODE —

In BEACON operation, the bea-
con relay energizes. An audio
oscillator then produces a 1, 000
Hz signal which is fed to the
beacon LO and a coincidence
tube. The beacon LO is tuned
to 9,280 MHz, which is 30 MHz

below the received beacon sta~ /

tion signal. The LO frequency + 300V

is modulated by the audio os- m‘
cillator signal and phantastron J
sweep. The resultant frequency PR08E~—/ 2K25

modulated output of the LO is
fed to the beacon AFC cavity

REFLEX KLYSTRON
which is sharply tuned to 9, 280
MHz. LOCAL OSCILLATOR

If the beacon LO frequency is

low, the phase of the 1, 000~Hz modulation signal is shifted 180 degrees by the
cavity. This signal is detected by the beacon AFC detector, stepped up and phase
shifted 180 degrees by a transformer, and applied to the control signal amplifier.
The amplifier shifts the phase of the modulation signal 180 degrees, and the out-
put has the same phase as the original output of the beacon cavity. The coinci-
dence tube compares this signal against the 1, 000~Hz signal from the audio os-
cillator. Since the two signals are 180 degrees out of phase, the tube does not
conduct, permitting the phantastron to continue oscillation.

When the LO frequency is slightly above 9,280 MHz, the beacon cavity does not

reverse the phase of the 1,000~-Hz modulation signal. The inputs to the coin-
cidence tube are now in phase and the tube conducts, applying a positive pulse to
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the search stopper diode. The diode develops a negative bias which converts
the phantastron from an oscillator to a D~C amplifier. The phantastron output
maintains this LO frequency.

LECEIVER CIRCUITS

Echo signals or ground beacon signals are fed through the reflectometer to the

duplexer. These low-energy signals are insufficient to fire the ATR or TR tubes.

The received energy passes through the TR tube into the receiver mixer. When
the radar is not in use and the TR tube is not functioning, a protective shutter is
ingerted into the waveguide to protect the crystals.

In beacon operation, the 9,280~-MHz output of the beacon LO is fed to the re-
ceiver mixer with the received 9, 310~-MHz beacon signal to produce a 30 MHz~
IF signal. In search or warning operation, the 9,405-MHz output of the radar
LO is fed to the receiver mixer, with the 9,375~MHz received echo signals, to
produce a 30~MHz IF signal. The 30~-MHz IF is fed into the receiver.

The receiver consists of IF amplifiers, detector, amplifier-limiter, and cathode
follower. The IF signal is amplified by stagger-tuned IF amplifiers and fed to
the detector. The detector rectifies the IF signal and develops a negative video
output. The video is amplified, limited, and fed through a cathode follower to
the marker generator units. In addition to the basic circuits, the receiver con-
tains bandwidth, STC, IAGC, FTC, beacon stretch, and gain control circuits,
which are used to alter the characteristics of the receiver. The overall receiver
sensitivity is approximately negative 101 dbm.

The bandwidth circuit increases receiver sensitivity on long range. With the
radar in 30 or 50-mile search operation, or in beacon operation, narrow pulses
are transmitted. Under these conditions, the receiver bandwidth of 6 MHz
allows the high~harmonic content of the narrow width pulses to pass. In 100 or
240-mile search operation or in all ranges of warning, longer pulses of 4.5 us
duration are used. Under these conditions, the receiver bandwidth is reduced
to 0.75 MHz, increasing sensitivity.

The function of the Sensitivity Time Control (STC) circuit is to reduce indicator
clutter due to large amplitude signals at short range. Clutter interference ap- -

pears on the indicator presentation as a bright area around the center of the CRT.

In order to reduce blocking by signals of this type, the STC circuit reduces re-
ceiver gain at close range and allows gain to increase to normal with range.

The STC range control closes a switch to connect the circuit into the receiver.
The circuit consists of an amplifier, capacitor, and two variable resistor con-
trols. A positive trigger from the transmitter is applied to the grid of the amp-
lifier, causing it to conduct and charge the capacitor. At the end of the pulse,
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the tube cuts off and the capacitor discharges, applying a negative bias to the
third IF amplifier. Discharge path of the capacitor is through the STC range
control. Varying this control regulates the discharge rate of the capacitor and
range at which normal amplification is restored. The second variable resistor
controls gain of the STC amplifier and amount of discharge.

The Instantaneous Automatic Gain Control (IAGC) circuit is primarily an anti-
jamming device used to reduce receiver IF saturation by applying a negative
bias to the sixth IF amplifier. This would be the first stage saturated in case of
jamming. The bias is applied only if signals exceed a level set by the GAIN con-
trol,

The circuit uses a rectifier, resistor, and filter. When the IAGC switch is
placed in the "ON'" position, a relay is energized which permits the IAGC circuit
to function. The setting of the RECEIVER GAIN control determines the normal
gignal amplification of the sixth IF amplifier. When a signal of high amplitude
appears at the detector, the IAGC rectifier produces a negative voltage across
the resistor which is fed back to the grid of the sixth IF amplifier, temporarily
decreasing gain. The circuit permits observation of target details which would
otherwige be lost.

The beacon-stretch circuit makes the received signals more discernible on long
range operation. On the 100 or 240-mile range, a relay is energized which in-
serts an additional resistor in series with the load resistor of the detector,
elongating the video pulses during each sweep.

The Fast Time Constant (FTC) circuit is connected between the second detector
and video amplifier. It serves an an additional aid in minimizing the effects of
clutter and jamming. When the switch is placed in the "ON' position, a relay is
energized which disconnects one capacitor from the grid coupling circuit of the
video amplifier-limiter and adds a resistor in parallel with the grid resistor of
the tube. The RC time counstant input to the amplifier~limiter is reduced, caus~-
ing pulses to be differentiated. Differentiation removes the greater portion of
long duration blocking signals, permitting the desired signals to be observed.

MARKER GENERATOR

The marker generator unit contains a low-voltage power supply, an A-C voltage
regulator, and switching functions. Video signals from the receiver are pro-
cessed by the marker generator unit for application to the synchronizer unit.
Four circuit modules are used for the generation of the precision azimuth mark
{strobe); two modules develop the precision range marks; two modules are used
for video mixing; and one module generates the iso-echo function.

1324 VOL. VI
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Synchro information from the antenna circuitry is sent to a synchro-differential-
resolver (transolver) in the marker generator control. Information required for
the precision-marker—-generation is taken from the transolver and applied to the
strobe amplifier. The signal from the transolver is amplified and fullwave-phase
demodulated by the strobe amplifier. The signal is amplified so that the synchro
null is more easily detected. The 400~Hz line voltage is used as the phase ref-
erence for demodulation. The demodulated signal is sent to the strobe trigger
circuit, where it is full-wave rectified.
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The full-wave rectifier in the strobe trigger circuit produces an output which is
used to excite a Schmitt trigger. This produces a pulse at the null points. Be-
cause there are two null points for each antenna revolution, an AND gate is de-
veloped to block the second pulse. The AND gate consists of a second Schmitt
trigger which receives excitation from the alternate phase of the transolver.
Since this alternate signal and the signal applied to the strobe amplifier are 90
degrees out of phase, the AND gate is produced only during the first null. There~
fore, only the first azimuth pulse is sent to the strobe shaper.

The strobe shaper contains two bistable multivibrator stages. The first bistable
stage is activated by the azimuth pulse from the strobe trigger. The second bi-
stable stage is triggered by the first radar trigger after the azimuth pulse occurs.
The next radar trigger turns the second bistable stage off. The trailing edge of
the resultant square wave is differentiated and turns off the first bistable stage,
completing a cycle. This cycle repeats with the next azimuth pulse. Both nega-
tive and positive strobes are sent from the second bistable stage to the strobe
driver,

In the strobe driver, the positive strobe is clipped to a level determined by the
position of the MARKER INTENSITY control. After passing through an emitter
follower and an amplifier stage, where it is amplified and inverted, this strobe
is sent to the marker polarity relay as the "white strobe'. The negative strobe
is differentiated and the resultant pulse activates a monostable stage which gen-
erates the ''black strobe'. The "black strobe' is coupled through an amplifier
stage to the marker polarity relay. By action of the marker polarity relay, both
strobes are directly coupled to the cathodes of the pilot's and navigator's indi-
cators.

The range measurement circuits are initiated by the A~C regulator which de-
velops two 400~Hz, 12.5-volt (rms) signals, 180 degrees out of phase. These
signals are sent to a phase shifter which produces a 90-degree phase difference
between the two signals. These signals, corresponding to ground range and
ground clearance, pass through precision variable resistors in the generator
control to the summing amplifier. The summing amplifier adds the two signals
vectorially, producing a 400-Hz signal, the amplitude of which is proportional
to slant range. This signal goes to a D-C converter stage where it becomes an
equivalent D~C level which is used as a reference for the range pulse generator.

The sweep generator is made up of a bistable multivibrator, which is activated
by the radar trigger; a transistor switch; and a boot-strap sweep generator.
When the bistable stage is activated, the transistor switch is opened, allowing
the boot-strap circuit to produce a linear sweep. This sweep is applied to the
range pulse generator. Two sweep lengths are available: one for short range,
30 miles (approximately 400 us), and one for long range, 300 miles (approxi-
mately 4, 000 us).
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In the range pulse generator, when the amplitude of the sweep frorm the sweep
generator equals the D~C reference level, a regenerative spike is produced.
This spike activates a blocking oscillator which generates the precision range
arks and terminates the sweep by resetting the bistable stage of the sweep
generator. Two pulse widths are available: for short range, 0.35 - 0.65 us;
for long range, 3.5 ~ 4.5 us. The range pulse is applied to the marker gen-
erator circuit. ’

The marker generator circuit contains two transistor amplifiers, a clippling
stage, and a transistor gwitch. When the MARKER INTENSITY control on the
marker control panel is fully counterclockwise, the range pulse bypasses the
first transistor amplifier and goes directly to the second transistor amplifier.
This pulse is fixed in amplitude and causes a black mark to appear on the pilot's
indicator storage tube (CRT). When the MARKER INTENSITY control is rotated
clockwise, the transistor switch energizes a relay which causes the range pulse
to be applied to the first transistor amplifier. The output pulse of the first tran-
sistor amplifier is clipped at a level determined by the setting of the MARKER
INTENSITY control. This signal is applied to the second transistor amplifier
and appears as a white variable mark on the storage tube. These marks, as
well as the iso-echo output, are sent to the video mixer.

The iso-echo generator receives the video signal through an emitter follower
stage. The output of the emitter follower passes through a reverse~biased diode,
at a level determined by the setting of the ISO-ECHO control(s). Signals which
exceed the bias voltage are amplified, inverted, and sent to the video mixer.

The video mixer consists of a two-stage transistor amplifier and an emitter
follower. Video and iso-echo are mixed at the first transistor amplifier stage,
and range marks are inserted at the second stage. The video output is taken
from the emitter follower and sent to the synchronizer. Iso-echo signals appear
as 2 hole (black spot) on the indicators.

SYNCHRONIZER CIRCUITS

The sync unit contains a sweep generator, electrounic marker generator, single
pulse generator, video amplifier, and power supply. The unit is completely
transistorized.

The sweep generator input is the "main trigger" from the RT unit, or the "delay
trigger', from the single pulse generator. The trigger starts the main gate
waveform. The main gate starts the sweep and the sweep, when completed, ends
the main gate. The main gate is fed to the video amplifier and electronic marker
generator. The sweep output is fed to connectors on the synchronizer for the two
indicators. A third connector may be used for {est.
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The single pulse generator provides a delay marker, or delay trigger. With the
RANGE DELAY switch in the "OFF" position, the output is a variable delay
marker which is fed to the video amplifier. The position of this marker on the
indicator display can be varied with the RANGE DELAY control. The marker
denotes the starting point of the sweep when the RANGE DELAY switch is "ON''.
The indicator display will then be variable from 3 to 20 miles beyond this range.

The electronic marker generator receives the main gate from the sweep genera~
tor. Range marks of 1, 5, 10, 20, or 30 nautical miles are generated during the
gate. Brightness of the markers is varied by the RANGE MKS intensity control.
The marker output is applied to the video amplifier for processing. Only the 1
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and 5-mile range marks are produced directly. Countdown circuits are used for
the 10, 20 and 30-mile markers.

The video amplifier combines the delay marker from the single pulse generator,
range markers from the range mark generator, main gate from the sweep gene~
rator, and combined video from the marker generator unit. These signals are
processed and presented as two combined video outpuis of the synchronizer. A
third video output may be used for test.

The D~C voltage for the transistors is provided by the +39~volt regulator. The
board for this regulator also contains the circuits which control the sweep
lengths (time) of the 30, 50, 100, and 240-mile ranges. The sweep lengths can
be adjusted from outside the synchronizer. The +39-volt regulated supply is
derived from the +150-volt supply of the RT unit, Other voltages necessary for
synchronizer operation are provided by the RT unit,. :

ANTENNA CIRCUITS

The antenna consists of tilt and beam-~change, azimuth drive, antenna stabili-

zation, and heading reference circuits, in addition to the waveguide and antenna
reflector assembly. The heading reference circuits provide azimuth drive sig-
nals for the indicators. The remaining circuits control the antenna reflectors.

The tilt and beam change circuits are controlled by the PATT switch and TILT

control to shape and tilt the radiated beam. The tilt circuit consists of a vari-

able resistance bridge, a polarized relay, and two-phase A~C motor. The relay

is connected between the bridge potentiometers and is energized when the tilt e
control potentiometer is moved, unbalancing the bridge. The A~C motor is

turned on through relay contacts, and drives the antenna reflectors and poten-

tiometer until the bridge is again balanced.

The beam change circuit consists of relays, microswitches, and a two-phase A-C
motor. The motor is normally stalled while operating, to hold the lower reflec~
tor against mechanical stops. This keeps the reflectors in alignment at all times.

When the "PATT" (pattern) switch position is changed, the relays reverse the
connections of the A~-C motor, causing it to drive in the opposite direction. The
motor again stalls against the mechanical stops when the reflectors are aligned.
Before a beam change can be accomplished, the tilt circuit must drive to "tilt
clearance" and antenna stabilization must turn off. Interlock of these circuits
for proper sequence is accomplished by microswitches and relays in the antenna.

Antenna stabilization is accomplished by two servo loops. One loop controls the
pitch axis and the other controls the roll axis. A platform in the antenna pedestal
ig the reference for the reflectors. When STAB is "off"", the platform is locked
(zero) to the antenna housing. When STAB is ''on", the platform is positioned in
pitch and roll to remain level with the earth's surface.
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The stabilization data generator provides a pitch and roll signal to Control Trans-
formers (CT) in the antenna. The CT output is supplied as position error infor-
mation to servo amplifiers in the ECA unit. The amplified error voltage is
supplied back to the antenna servo motors. The pitch and roll servo motors
position the platform and CT rotor to null the error voltage. Continuous opera-
tion of these servo loops maintains the level platform position. During a beam
change, or when stabilization is turned off, the platform is driven to zero by the
servo motors and locked in position by solenoids.

Azimuth drive of the antenna is accomplished by a dual armature, reversible D-C
motor. Speeds of 12 rpm or 45 rpm are provided by using both armatures con-
nected in series (12 rpm), or one armature only (45 rpm). The polarity of the

DC voltage to the motor determines the direction of rotation. Fast speed is used
only in "SEARCH", "30 or 50 NM RANGE", with "PPI" scan selected. Fast scan
will be clockwise rotation, due to the polarity of the D~C motor voltage.

Relays accomplish the switching necessary to allow 12-rpm clockwise rotation,
12-rpm counterclockwise rotation, or 45-rpm clockwise rotation. Sector scan
relays reverse the motor voltage, causing the scan to reverse after the degrees
of travel, as preset by the antenna control unit settings have been traversed.

The heading reference circuits control the azimuth reference of the indicator
display. The navigator can select relative (aircraft heading) or stabilized
(magnetic) reference by the BEARING switch on the radar control panel. The
relative reference is provided by a fixed rotor synchro in the ECA unit. Mag-
netic reference is supplied by the aircraft magnetic compass system.

The synchro reference is supplied to the differential synchros in the antenna,

then to indicator servo loops, which position CRT deflection coils to track antenna
azimuth changes. The indicators contain a control transformer and servo motor.
The servo amplifiers are in the indicator power supply units.

The antenna synchro is driven by the antenna azimuth drive motor. This synchro
signal, representing antenna position, is supplied to the control transformer. The
control transformer error output is amplified and used to drive the servo motor.
The motor positions the deflection coil, and also turns the control transformer to
null.

The reference for the navigator's indicator is determined by the BEARING switch
on the radar control panel. When "BEARING STAB" is selected on the radar
control panel, the navigator's reference is magnetic. The reference can be
varied manually by positioning the heading select control. This control positions
a differential synchro in the servo loop and allows selection of any magnetic
heading as a reference. If the BEARING switch is turned "off", the reference
will be the relative synchro in the ECA.
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The pilot's indicator reference is the relative synchro when the S-R switch is in
the "R' position, and the same as the navigator's reference in the ''S" position.

POWER SUPPLY AND INDICATOR

Video signals are supplied from the synchronizer to the video amplifier in each
indicator. A gain control varies the amplitude of these signals into each ampli-
fier. The signals are amplified sufficiently to intensity~modulate the PPI display,
then applied to each CRT control grid.

The intensity control on the navigator's indicator, adjusts the average D-C po~-
tential on the grid to determine the brightness of the display. A D-C restorer
holds the grid at a constant D-C level, as set by the intensity control. This
function is controlled by the BKGRD conirol on the pilot's indicator.

The sweep generated in the synchronizer is amplified in the power supply unit by
the sweep amplifier subassembly. The amplified trapezoidal output is applied to
the CRT deflection coil. The sweep output causes the electron beam to move from
the center to the outside of the CRT during each sweep. The deflection coil is
positioned around the neck of the CRT to determine the direction of the beam
movement. Positioning is accomplished by the heading reference servo loop.

The heading marker from the antenna is applied to the cathode of the navigator's
CRT and to a gated amplifier in the pilot's indicator. After being mixed with
video signals from the synchronizer, the pilot's indicator heading mark is applied
to the control grid of the CRT. Each time the antenna rotates past the aircraft
lubber line, a switch is closed. The switch causes a capacitor to discharge,
providing the marker. The heading mark control on the synchronizer control box
varies the polarity and amplitude of the capacitor charge, thereby varying the
brightness (or blanking) of the marker.

NOTE: Brightness only is varied on the pilot's indicator.

The power supply units contain a low voltage power supply, voltage regulator,
sweep amplifier, servo amplifier, and high voltage power supply. These sub-
assemblies provide the operating voltages and amplifiers for the indicators.

The voltage regulator contains a focus amplifier which amplifies the effect of the
indicator focus control. The amplifier output is supplied to the CRT focus coil.

A high voltage power supply changes 300 volts, DC into approximately 6, 000 volts,
DC potential for the CRT anode. The high voltage cable is mechanically inter-
locked to the power and control cable between the power supply and indicator. if
either cable is disconnected, the other cable must also be disconnected. An
electrical interlock in the indicator removes the high voltage in case an indicator
is removed. This is accomplished by de~energizing an interlock relay in the
power supply unit.
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The pilot's indicator contains a direct view storage tube which has an unusually
bright display. It has the ability to hold a display for an extended period of time,
the length of which is determined by the setting of the PERSIST control, The
direct view storage tube essentially consists of two electron guns in one CRT en-
velope (a writing gun and a flood gun).

The writing gun receives videc signals and functions in the same manner as the

normal CRT except that the electron beam is scanned across a storage mesh in-
stead of the phosphor. The storage mesh is a part of the flood gun and consists

of a conducting mesh, coated with an insulating material.

As the electron beam leaves the writing gun, it strikes a portion of the storage
mesh causing secondary emission of electrons, resulting in the storage mesh
having a net positive charge. The amount of charge is dependent upon the beam
intensity and/or the total instantaneous video signal. The flood gun emits and
collimates (directs) a iow-velocity electron beam which approaches the storage
mesh with a uniform charge density. This causes the storage mesh to function
as a control grid. A given group of low-velocity electrons will pass through the
storage mesh and be accelerated sufficiently to strike the phosphor screen. A
positively-biased collector mesh is used to collect secondary-emission electrons
from the storage mesh.

Without a means of removing the positive charge from the storage mesh, the PPI
display would remain on the face of the viewing screen indefinitely, causing the
presentation to smear as the aircraft target moves. To eliminate this, highly
positive sawtooth pulses are applied to the conducting element of the storage mesh.
These pulses (erase pulses) attract electrons to the storage mesh, leaving a net
negative charge until the electron beam from the writing gun strikes again. The
width of the erase pulse is varied by rotating the PERSIST control. Clockwise
rotation causes the pulse width to be narrowed, increasing the amount of time it
takes to erase the charge on the storage mesh.

When the HOLD-ERASE-NORM switch is placed in the "HOLD" position, neither
video signals nor erase pulses are applied to the storage mesh. In this instance,
the PPI display will remain. When the switch is placed in the "ERASE'" position,
a3 constant D-C potential is applied to the storage mesh, while video signals are
blocked. In this condition, the entire PPI display is erased.
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RADAR PRESSURIZATION SYSTEM

GENERAL

The AN/ASQ-70 system maintains approximate sea level pressure within
the receiver-transmitter unit and antenna waveguide assembly of the AN/
APN-59B radar set.

AIRCRAFT INSTALLATION

The system is independent of all other pressurization systems on the
airplane. It consists of a control panel, dehydrator, air compressor, and
pressure switch. The control panel is on the navigator's panel above the
APN~59B radar set control; the dehydrator and compressor are mounted
in the forward electrical equipment rack on the right-hand side of the
underdeck area, and the pressure switch is located on the right side of the
nose wheel well next to the APN-59B RT unit.

Aircraft power for system operation is supplied through circuit breakers
on the avionics circuit breaker panel above the navigator's station. Power

required is 28 volts, DC from the main D~C avionics bus number one.

SYSTEM OPERATION

The pressurization system maintains the density of the air close to that of
air at sea level within the APN-59B RT unit and waveguide assembly.
High voltage circuits are located within these units. Spacing of terminals
and components is designed for safe operation, based upon the insulating
properties of air at sea level pressure.

At lower pressures, the insulating ability of air decreases. Between two
voltage points, therefore, arcing might occur at altitudes. Sea level
pressure alone would not be sufficient to prevent arcing, since excessive

-moisture in the air also decreases its insulating ability. For this reason,

the air used for pressurization is dehydrated.
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SILICA GEL
CRYSTALS

r"”““"“"'“l

O O/// == PRESSURIZED
AR

RESSO
DEHYDRATOR AN COMPRESSOR

The compressor consists of a vane-type air pump and a D-C motor mounted on
the same shaft. The air intake port is connected to the dehydrator. The de~
hydrator removes any moisture or foreign matter from the air before it enters
the pump. The dehydrator is a clear plastic cylinder filled with silica gel de~
hydrator crystals. A filter pad is installed at each end of the cylinder. The
dehydrator crystals are normally deep blue in color. As they absorb moisture,
their color gradually turns pink. A multicolored humidity indicator label in the
cylinder serves as a guide for checking the condition of the crystals. When the
color of the crystals matches the UNSAFE area of the label, the crystals are
saturated with moisture and should be replaced.

RADAR s e
PRESS.
TEST |

MAIN DC | |
AVIONIC MOMENTARY — =
Bus No.1 | ON | r —]
28v 3c OFF | | i
RADAR NORMALG y
PRESS. | "‘T‘“"(:)“‘i .
PUMP PRESSUREI Pgssl’i«éﬁﬁ Tl ent
BLEED 11111
A Y1
l \ﬁ LVE | MAN | FOLD lDEHYDRATOR
| TO RADAR e
[conTRoL PANEL| o

RADAR PRESSURIZATION SYSTEM

When the system is operating, air is drawn into the compressor from the air-
craft cargo compartment. After being compressed, the air is delivered to a
common manifold which connects the pressure gauge, pressure switch, and
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radar receiver-transmitter. A check valve, mounted on the compressor air
outlet port, prevents the loss of pressure through the compressor when it is
stopped. :

The control panel provides a means of reading system pressure and for starting
and stopping the compressor. The panel contains a power=conirolling RADAR
PRESS switch, an absolute pressure gauge, a PRESSURE INDICATOR light, and
a PUSH TO BLEED button.

Placing the RADAR
PRESS switch in

the "NORMAL ON"
position applies
power to the pres~
sure switch. The
pressure switch
determines when
the compressor will
run. The switch
Senses pressure ex-
isting in the radar
recelver-transmitter o
unit and waveguide CONTROL PANEL

assembly. I pres-

sure is less than that of sea level atmosphere (approximately 30 inches of mer=-
cury), contacts of the switch close and supply voltage to the compressor motor.
The motor runs until system pressure builds up to slightly more than 30 inches
of mercury. At this time the pressure switch contacts open. In this manner
the required system pressure is automatically maintained. A slotted screw
extending through the front of the pressure switch permits the closing point of
the contacts to be varied from 24 to 32 inches of mercury. It is normally pre-
set to 30.15 inches of mercury. The contacts open when pressure is increased
approximately 3.5 inches of mercury above the preset level (differential between
"on' and "off' is 3.5 inches of mercury).

F
g |
[nl
Z1
p
b3
=

o

e
\PRESIURE
NDICATOR

D

eumBE v B2 U B

The "OFF" position of the RADAR PRESS switch deenergizes the system. The
"MOMENTARY ON'" position applies power directly to the compressor motor.
This permits compressor operation to be checked, The PRESSURE INDICATOR
light glows whenever the compressor is running, regardless of the method used
to turn the system on. System pressure is continuously indicated in inches of
mercury (Hg) on the pressure gauge. An adjustable calibration mask on the
face of the gauge is set to the desired pressure range.
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The PUSH TO BLEED button actuates a bleed valve to depressurize the system to
the air pressure ingide the flight station.

MAIN DC
AVIONIC BUS
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CONTROL PANEL
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COMPRESSOR

TO RADAR RECEIVER-~TRANS DEHYDRATOR‘
MOTTER‘ AND WAVEGUIDE
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SYSTEM OPERATION VENT
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IFF TRANSPONDER

GENERAL

The AN/APX-64 IFF (Identification Friend or Foe) radar system consists
of an airborne receiver-transmitter capable of automatically transmitting
coded reply signals when challenged by a radar beacon station (Air Traffic
Control Station).

The coded reply signals are used by the beacon station to locate and identify
the aircraft and to continuously track its flight path. The APX-64 is
generally known as a "transponder' due to its ability to automatically
transmit a reply in response to the received challenge (interrogation signal).

A radar beacon station in conjunction with the transponder equipped aircraft
within its service area form a complete radar beacon system with the air-
borne transponders returning reply signals in much the same manner as
echos are returned in a pulse-echo radar system.

The APX-64 transponder is also capable of coding its reply signals to
correspond to aircraft altitude (altitude reporting).

AIRCRAFT INSTALLATION

The AN/APX~64 radar identification system is presently installed on air-
craft AF65-244 and up and on AF61-2775 through AF64-243 if modified by
T. O. 1C-141A-837. Refer to aircraft installation and tie-in drawings for
components and locations. The present installation provides only wiring
provisions for the transponder computer and the transponder test set. The
caution light on the annunciator panel will be used in conjunction with the
transponder computer and is, therefore, temporarily disconnected. The
AN/APX-64 system uses input signals from the selected central air data
computer for altitude coding and from both TACAN systems for signal
suppression. An audio output signal is wired to the pilot's and copilot's
interphone system but requires the installation of the transponder computer
for operation. Input signals from either UHF transmitter may be used to
automatically change the reply signal coding each time either system trans-
mits. This automatic coding, Identification of Position (IDENT) operates
when selected by the APX-64 control panel.
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TEMPORARILY

DISCONNECTED

CAUTION LIGHT

ANTENNA

@ ANTENNA TEST

VOL. VI
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SPECIFICATIONS

CHARACTERISTIC

. SPECIFICATION

Input Power Requirements

AC

DC

High Voltage Circuit
Protection

Operating Temperature
Ranges

Operating Altitude
Ranges

Receiver Characteristics

Frequency

Frequency stability
Frequency control
Intermediate frequency

Bandwidth

Normal sensitivity
Low sensitivity

Spurious response

115 volts, 320 to 480 Hz single
phase; 80 watts at 0.2 percent
duty cycle

26.5 volts, 10 watts

1 amp. 115~volt A-C circuit
breaker

-55°C to +959C continuous,
+125°C intermittent at sea
level

0 (sea level) to 100, 000 feet

1030 MHz

1.5 MHz
Crystal
59.5 MHz

7.0 to 9.0 MHz at points 6db
from maximum response

~78dbm
=66 dbm

Response to signals below
1010 MHz and above 1050
MHz at least 70 db below
response at desired fre-~
quency of 1030 MHz
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SPECIFICATIONS (continted)

CHARACTERISTIC

SPECIFICATION

Suppression Input
Amplitude
Duration
Polarity
Input resistance
Rise time

Decay time

Recovery time

Transmitter Characteristics

Frequency
Frequency stability

Power output

Output Pulses

Width
Rise time

Decay time

Interrogation Code

15 to 70 volts

1.5 to 250 usec
Positive

2200 ohms

At least 10 volts/usec

Peak amplitude to 1.0 volt
within 10 usec

Sensitivity returns to within

3 db of normal in no more than
15 usec after the suppression
pulse falls to 1 volt.

1090 MHz
+3 MHz

29 dbw at a duty cycle of
0.2 percent (-6 dbw min
under any service condition
at 1 percent)

0.45 +0.1 usec
0.05 to 0.1 usec
0.05 to 0.2 usec

2 pulses spaced 3 = 0.1 usec

Mode 1

Mode 2 2 pulses spaced 5 + 0.1 usec

Mode 3/A 2 pulses spaced 8 + 0,1 usec
VOL. VI
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SPECIFICATIONS (continued)

CHARACTERISTIC SPECIFICATION

Test mode 2 pulses spaced 6.5+ 0.1
usec

Mode C 2 pulses spaced 21.0 £ 0.1
usec

Mode 4 4 sync pulses followed by a

Interrogation Pulse

Characteristics of modes
1, 2, 3/A, C and Test

Pulse width

Rise time

Decay fime
Mode 4

Pulse width

Rise time

Decay time

vacant pulse position, fol-
lowed by as many as 32 pulses.
The spacing from the leading
edge of any pulse to the lead-
ing edge of the succeeding
pulse is 2 + 0.1 usec. An
Anti-Interference Interro-
gation (AIl) pulse is inserted
between any consecutive va-
cant pulse spaces. The spac-
ing of the AIl pulses is 1 £
0.15 microsecond in odd mul-
tiples from the leading edge of
the fourth sync pulse. Recog-
nition-of-interference action
is accomplished by sensing the
lack of pulses in the mode 4
interrogation.

0.8 + 0.1 usec
Between 0.05 and 0.1 usec
Between 0.05 and 0.2 usec

0.05 + 0.1 usec
Between 0.05 and 0.1 usec
Between 0,05 and 0.2 usec
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SPECIFICATIONS (continued)

CHARACTERISTIC

SPECIFICATION

Automatic Overload Control

Modes 1, 2, 3/A, C,
Test, 1I/P, emergency
(Modes 1 and 3/A).

Emergency (Mode 2)

Reply Pulses

Mode 1

Mode 2

Mode 3/A

Test Mode

Emergency

Modes 1 or 2

1200 replies/sec

800 replies/sec

Zero to five information
and two framing pulses
spaced 20.3 + 0.05 usec
apart

Zero to 12 information
and two framing pulses
spaced 20.3 + 0.05 usec
apart

Zero to 12 information
and two framing pulses
spaced 20.3 + 0.05 usec
and the I/P pulse

Zero to 12 information
and two framing pulses
spaced 20.3 + 0.05 usec
apart

Selected code appears in
the first pulse train fol-
lowed by three sets of
framing pulses, each
framing pulse spaced
24.65 1+ 0.10, 44.95 +
0.15, 49.30 + 0.20,
69.60 + 0.25, 73.95 +
0.30, and 94.25 + 0.35
usec from the first fram-
ing pulse of the first train.

VOL. VI
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SPECIFICATIONS (continued)

CHARACTERISTIC SPECIFICATION
Mode 3/A Code 7700 appears in the
first pulse train followed
by three sets of framing
pulses as above.
I/P
Mode 1 Selected code appears twice,

Mode 2 or Mode 3/A

Auxilliary Trigger
Pulse width
Amplitude

Rise time

Decay time

the second reply train spaced
24.65 + 0.1 usec between the
leading edges of the first
framing pulses

Selected code appears in the
first pulse train followed by
a single pulse spaced 24.65

+ 0.1 usec from the first
framing pulse.

0.3 to 1.5 usec

15 to 30 volis across 90 ¢
10 ohms

0.1 usec or less

0.2 usec or less

Polarity Positive
Suppression Output
Polarity Posgitive
Amplitude 20 volts min, 50 volts max
with a 300-ohm load resistor
in parallel with 1850~uuaf
capacitor.
Start time Pulse reaches 20 volts
minimum by the time an
RF output pulse has reached
10 percent of its amplitude.
15-8 VOL.
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SPECIFICATIONS (continued)

CHARAC TERISTIC

SPECIFICATION

Stop time

Interrogation Side-Lobe
Suppression Control

Pulse width

Pulse position

Rise time
Decay time

Pulse frequency
Mode 4 Reply Input

Pulse width
Amplitude

Suppression output is less
than 5 volts, 5 usec after
the last RF framing pulse
of the reply train has fallen
to 50 percent amplitude.
(The first framing pulse is
always followed by a second
framing pulse for the purpose
of this requirement.) Sup-
pression output is also less
than 5 volts, 5 usec after
each RF output pulse (re-
sulting from the auxiliary
trigger or Mode 4 input) has
fallen to 50 percent ampli-
tude.

0.8 £ 0.1 usec for Modes 1,
2, 3/A, C, or Test; 0.5 =
0.1 usec for Mode 4.

2.0 1 0,15 usec after the
first pulse of a Mode 1, 2,
3/A, C, or Test interroga-
tion, or 8.0 = 0.15 usec
after the first pulse of a
Mode 4 interrogation.

Between 0.05 and 0.1 usec
Between 0.05 and 0.2 usec
1030 + 0.2 MHz

0.3 to 0.7 usec

3 to 6.5 volts across 90 +
10 ohms

VOL. VI
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SPECIFICATIONS (continued)

AT,

CHARACTERISTIC SPECIFICATION
Rise time 0.1 usec or less

Decay time 0.25 usec or less
Polarity Posgitive

Mode 4 Disparity Input

Duration

Amplitude

Rise time
Decay time
Polarity
Mode 4 Trigger
Duration

Amplitude

Rise time
Decay time

Polarity
Mode 4 Video
Duration

Amplitude

Rise time
Decay time

Polarity

Mode 4 Computer Reset
Trigger

Duration

0.3 to 1.0 usec

3 to 6.5 volis across 90 +
10 ochms

0. 15 microsecond maximum
0.5 microsecond maximum

Positive

0.5 to 3 usec

1.5 to 25 volts across 90 +
10 ohms

0.1 usec or less
1.0 usec or less

Posgitive

0.4 to 0.6 usec

1.5 to 5 volts across 90 +
10 ohms

0.1 usec maximum
0.2 usec maximum

Positive

0.3 to 10 usec

VOL.
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SPECIFICATIONS (continued)

CHARACTERISTIC SPECIFICATION

Amplitude ' 6 to 10 volts across 1000
ohms + 10 percent

Rise time 0.25 usec maximum

Decay time 5.0 usec maximum

Polarity Positive

SYSTEM OPERATION

BEACON SYSTEM~-GENERAL

In order to better understand the purpose and functions of the circuits within the
APX-64 transponder, it is necessary to become familiar with the general opera-
tion of a complete radar beacon system, of which the APX-64 is a part.

A radar beacon consits of a base station containing an interrogator and its asso-
ciated display equipment. The interrogator generates a group of radio-frequency
pulses called the interrogation signal and transmits these signals from a direc~
tional antenna. At the same time, the interrogator generates a trigger pulse to
initiate the sweep of an electron beam across the face of a cathode ray display tube.
The transmitted beam travels outward until it reaches the airborne APX-64
transponder. ' The transponder receives the interrogation signal and immediately
transmits a group of radio frequency pulses called the reply signal. The reply
signal travels back to the base station where it is received and displayed as a
bright spot (or spots) on the display scope. Since radio frequency energy travels
through space at a constant rate (one mile in 6.18 usec), the distance between the
base station and the transponder-equipped aircraft can be determined by measur-
ing the time between the transmitted interrogation and the received reply. The
electron beam moves at a linear rate across the face of the display scope which
may be calibrated in time per inch, or better still, miles per inch giving a visual
indication of distance.

The interrogation signal is transmitted by a highly directional antenna, therefore
the APX-64 will only respond when the antenna is pointed toward the aircraft. The
position or bearing of the aircraft from the base station may be determined by
noting the position of the antenna when replies are received. Aircraft position in-
formation is derived by synchronizing the display scope sweep position with the
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position of the antenna. The sweep will then always move from the center of the
screen in the same direction as the antenna is facing. The antenna may then be
rotated through an arc of 360 degrees and each transponder-equipped aircraft
will appear as a bright spot on the screen as the antenna beam sweeps across its
path.

The operation thus far is identical with that of a pulse~echo radar system except
that the returned signals are transmitted at high power from the aircraft rather
than a reflection (echo) of the base station signal. The transponder method of
returning signals allows the beacon system to operate at long ranges and under
noise conditions that would render an equally powered pulse~-echo system inoper-
able.

The unique feature of the radar beacon system is in its ability to selectively
identify the aircraft within its range. Identification is accomplished by the coding
of both the base station interrogation signals and the transponder reply signals.
The coding, or pulse spacing, of the interrogation signal indicates the "mode' of
operation. The airborne transponders can be manually set to accept only signals
of a selected mode and reject or refrain from replying to all others. The coding
of the reply signals is also manually set on the transponder to convey information
back to the base station.

Decoding circuits within the base station evaluate the coded reply and allow the
operator to select specific replies to be displayed. They also allow selection of
the type of display, corresponding to the coding of the signal. In this manner,
the operator may identify the aircraft without replying on voice or other types of
communication.

AIRCRAFT WITH , AIRCRAFT WITH
TRANSPONDER IN , TRANSPONDER ON
EMERGENCY ‘ THE WRONG CODE

RADAR BASE LINE

("—AIRCRAFT WITH
TRANSPONDER ON
THE CORRECT CODE

AIRCRAFT WITHOUT
TRANSPONDER

AIRCRAFT WITH
TRANSPONDER
N 1/P
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The typical base station presentation consists of one pattern for transponder-
equipped aircraft with unwanted signal coding, another for correctly coded re-
plies and another for an emergency reply. A fourth change in presentation is
produced when the aircraft is instructed to Identify its Position (I/P), This
causes a short duration change in the reply pattern, initiated at the transponder,
and usually lasting from 20 to 30 seconds.

A conventional pulse echo radar is usually synchronized with the beacon system
to provide a display of all aircraft in the area whether transponder-equipped or
not.

AIRBORNE SYSTEM GENERAL

The APX~64 IFF radar system forms the airborne link in the radar beacon system.
The interrogation signal from the base station is received by the antenna and
coupled to the receiver-transmitter unit. The interrogation signal passes through
the preselector in the receiver to a crystal mixer. A local oscillator signal also
passes through the preselector and is hetrodyned with the received signal in the
mixer. The resultant intermediate frequency is amplified by the IF amplifier and
coupled to the detector. The detector removes the high frequency components of
the signal and couples the resultant video pulses to the decoder. The decoder in
conjunction with the control circuits determines that the interrogation is valid and
supplies an output signal to the coder. The coder in conjunction with the control
circuits generates a group of reply pulses. The reply pulses from the coder are
amplified by the modulator to a level sufficient to trigger the transmitter. The
transmitter produces an RF pulse for each input trigger and couples the RF reply
signal through the preselector to the antenna. The antenna radiates the signal
back to the base station.

- Proper operation of the APX depends on the coding of both the received interro-
gation signal and the transmitted reply signal. ~The APX~-64 IFF Radar System
can automatically transmit a coded reply in response to a received interrogation
signal if the signals has the proper characteristics of the mode selected. Any of
six different modes may be selected by switches on the control panel, but only
four of these modes are used with the radar beacon system in the present APX~64
installation. The four active modes (1, 2, 3A, and C) consist of a pair of 0.8 usec
pulses,the spacing of which corresponds to the selected mode. The TEST mode is
used for maintenance checks and Mode 4 requires the installation of a transponder
computer for operation. Pulse width and spacing for each of the six modes is
illustrated in the Interrogation Pulses diagram.

If an interrogation signal is received which corresponds to the mode selected, a
selected coded reply signal will be generated, MODE 1 and MODE 3/A reply codes
are selected on the control panel. Mode 2 reply coding is preset by knobs on the
front of the receiver transmitter. Mode C coding is controlled by an altitude
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digitizer within the Central Air Data computer system and corresponds to air-
craft barometric altitude. Mode 4 code will be generated within the external
computer when installed.

The reply signal, or pulse train consists of accurately spaced information pulses
between two reference or framing pulses. This pulse train may consist of a max-~
imum of 14 pulses (12 information pulses and 2 framing pulses) or a minimum of
two pulses (framing pulses only). The framing pulses are spaced 20.3 usec apart.
The spacing between the information pulses (if all are present) is 1.45 usec. The
actual spacing between information pulses and the number of pulses is determined
by the coding of the reply signal.

F1. C1 AY C2 A2 C4 A4 X B1 D1 B2 DP B4 DS F2
LA
—B l— 1.45 1 sec TyPicaw
- 20.3 u segc

For code-identification purposes, the 12 information pulses are divided into four
lettered groups A, B, C, and D. Each lettered group has three pulses which are
identified by a sub number 1, 2, or 4. The MODE 1 code (selected on the control
panel) is designated by code numbers 00 through 73. Five information pulses are
used in Mode 1. These are Al, A2, A4, B1, and B2. The code digit assigned to
the lettered group is a number equal to the group. For example, if 62 is selected
the information pulses for the "3'" digit would be A2 + A4 = 6. Information pulse
B2 would be present for the second digit of the code. Mode 2 and Mode 3 both use
all 12 information pulses and the code numbers available in these modes are 0000
through 7777 which correspond to pulse groups A, B, C, and D respectively.
Mode 1 has 32 possible codes and modes 2 and 3/A have 4096 possible codes.
Mode C uses pulses from each lettered group with the exception of the D1 and D2
pulses. If the D4 pulse is present in the mode C reply, an additional pulse will
be added to the reply train 4.35 usec after the last framing pulse. A TEST mode
interrogation initiates the generation of a mode 3/A coded reply.

b

The system provides a means of changing the reply coding for aircraft identifi-
cation purposes (I/P reply). This feature is used when a group of aircraft are
being interrogated in the same area and it is desired to single out one aircraft
from the group. An I/P reply is initiated on request by the base station operation.
The mode 1 I/P reply consists of two complete pulse trains with 4. 385 usec spac-
ing between each train. The Mode 2 and Mode 3/A 1/P reply consists of a single
pulse train followed by an additional pulse spaced 4.35 usec after the last framing
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pulse. Only these three modes pro-
vide an I/P function. The I/P reply
signal is initiated by placing the
IDENT-0OUT-MIC switch in the
"IDENT" position. The system will
then automatically transmit the I/P
reply when interrogated for approx-
imately 30 seconds after the switch
is released. If the switch is placed
in the "MIC" position the I/P funct-
ion will be initiated each time either
UHF transmitter is keyed.

An emergency reply provision is
also available in modes 1, 2 or 3/A.
The Mode 1 or Mode 2 emergency

reply consists of one pulse train followed by three sets of framing pulses with 4.35

HESLY TEsY BASTER

usec spacing between each set. The mode 3/A emergency reply is a single reply
train with a coding of 7700 followed by three sets of framing pulses regardless of
the code set on the control box. The emergency reply is initiated by placing the
function switch on the control panel in the "EMERG" (emergency) position.

DESCRIPTION AND OPERATION

FUNCTION OF CONTROLS AND INDICATORS.

IFF CONTROL PANEL

ITEM

SETTING AND FUNCTION

Master Swiich "OFF:" All power is removed from the system
except for panel lighting.

"STBY:" Operating power is applied and the
system is ready for immediate operation when
the MASTER switch is set to "LOW' or "NORM. "
"LOW:" Receiver~transmitter operates on low
sengitivity.

"NORM:" Receiver-transmitter operates on
normal sensitivity.

"EMERG'" system transmits an emergency
reply when interrogated.
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DESCRIPTION AND OPERATION (continued)
FUNCTION OF CONTROLS AND INDICATORS.

IFF CONTROL PANEL

ITEM SETTING AND FUNCTION
IDENT-OUT-MIC "IDENT" sets a code into the MODE 1 and
Switch MODE 3 coder group selector control which

enables the system to generate coded replies
for modes 1 through 3.

"QUT" disables the I/P function.

"MIC" transfers control of the I/P junction
to a remote control.

MODE 1 TEST-ON- "TEST'" energizes the ''go, no=-go' airborne

OUT Switch transponder inflight tester which generates
' MODE 1 interrogations. ‘

"ON" enables the MODE 1 function.

"QUT" disables the MODE 1 function.

MODE 2 TEST-ON=- "TEST" energizes the "go, no-go' airborne
OUT Switch transponder inflight tester which generates
mode 2 inferrogations.

"ON'" enables the MODE 2 function.

"QUT" disables the MODE 2 function.

MODE 3 TEST-ON- "TEST" energizes the '"go, no-go' airborne
OUT Switch transponder inflight tester which generates
MODE 3 interrogations.

"ON" enables the MODE 3 function.

"OUT" disables the MODE 3 function.

MODE C TEST-ON~ "TEST" tests the altitude reporting mode.
OUT Switch "ON'" enables the MODE C function.
"OQUT" disables the MODE C function.

MODE 1, 2, 3, C Lights to indicate satisfactory operation of
REPLY indicator the transponder for self-test of MODES 1,
light 2, 3, and C and for monitoring proper re-

sponse to any interrogation.
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DESCRIPTION AND OPERATION (continued)

FUNCTION OF CONTROLS AND INDICATORS.

I[FF CONTROL PANEL

ITEM

SETTING AND FUNCTION

MODE 4
ZERO-B~A~HOLD Switch

MODE 4 Switch

MODE 4 AUDIO-OUT-
LIGHT

MODE 4 REPLY
indicator light

RAD TEST-OUT~-
MONITOR Switch

MODE 1 code selector
control

MODE 3 code selector

Enables operation of MODE 4.

Up and locked position enables the
MODE 4 function.

. Unlocked and moved to "OUT" disables

the MODE 4 function.

"AUDIO" enables both visual and audio
reply indications.

"OUT disables the MODE 4 indication
function of the system.

WLIGHT' enables the visual indication
of the system.

Lights to indicate when MODE 4 replies
are made with MODE 4 indication switch
to "AUDIO" or "LIGHT" position.

"RAD TEST" energizes the test mode
feature during check-out with the test
set.

"OUT" de-energizes the test mode
feature.

"MONITOR" energizes the monitor
circuits of the '"go, no~go' airborne
transponder inflight tester and causes
the self-test REPLY indicator light to
go on when a reply is made to interro-
gations in any mode.

Permits selection of coded reply for
MODE 1 interrogations.

Permits selection of coded reply for
MODE 3 interrogations.

15-18

VOL. VI



r_wu__uwu—wwm_MWmemmwmww

I
|
|
|
|
|
|
|

|__F AMPLI FI1ER MODULE

TOIF AMPL TO IF AMPL

VOL. VI

RECEIVER

CIRCUITS

| FROM 108 . 95MHz FREQUENCY
| ANTENNA TRANSMITTER LOCAL. 0SC f—3s DOUBLER
l MODULE Q1 Q2
I PRESELECTOR l
l - — |
LOW PASS RCVR BAND DRIVER HARMONIC
| FILTER 44»~L> PASS FILTER j— BANDPASS | GENERATOR
| FL-1 Il 21,22,23 FILTER Z4 | | CR3
| = p——
‘ XMTR il LOW PASS CRYSTAL
| MON | TOR FILTER MIXER
l CR1 T— FL-2 CR2
' * RADIO FREQUENCY MODULE
l o TO _TEST MODULE o
l Low>_.‘
'ssns GAIN l [ 44%
CONTROL GAIN
l AOC GAIN iF AMPL—JhIF AMPL o GA IN | conTROL IF AMPL
-~
CONTROL CONTROL Q1 Q4 CONTROLI™ /0 Q5 Q3
| FROM
IREF siG ? NORMAL:»-M~—M—~5
GEN CRYSTAL GAIN CONTROL
MODULE IF AMPL lF AMPL IF AMPL
l ?ﬂb Q2 CURRENT Q® == Q7
] MON | TOR
VIDEO DET DETECTOR IF AMPL
i R — .
AMPL Q2 CR2 Q1
i VIDEO AMPL DELAY LINE INVERTER
L &= ° e o
| Q3 DRIVER Q4 BIS|F Q5
l rh DELAY &
| LINE
8 ECHO SUPPR INVERTER 0. 25 PULSE
I LEVEL Q9 —— . SHAPER
DETECT, Q6 ' CIRCUIT
0.55
| f I \
PULSE MeDE 4
ECHO SUPPR | g M4
l . AMPL Q7 " SHAPING _quwqy AND VIGEO AMPL
l AMPL Q8 Q10
I SIF VIDEO M4 viIDEO

15-19

|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|



RECEIVER CIRCUITS

The received interrogation signal is coupled to the Radio Frequency (RF) module
in the receiver—transmitter. The 1030 MHz signal passes through a low pass
filter (FL~1) to the first of three receiver bandpass filters (21, 22, 23} in the
preselector assembly. These filters are tuned to 1030 MHz allowing the interro-
gation signal to pass and blocking undesired off-frequency signals. The received
signal from the preselector is coupled to the crystal mixer (CR-2) where it is
hetrodyned with an internally generated signal from the local oscillator.

The crystal controlled local oscillator (Q1) generates a 108.95 MHz signal., The
signal is doubled in the frequency doubler stage (Q2) to 217.9 MHz. A harmonic
generator (CR-3) clips and distorts the 217.9 MHz signal producing many harmonic
components. A driver bandpass filter (Z-4) in the preselector assembly couples
the 5th harmonic component 1089.5 MHz through to the crystal mixer (CR-2).

The received interrogation signal when heterodyned in the crystal mixer with the
local ogcillator signal, will produce a difference frequency component of 59.5 MHz
which is coupled out to the intermediate frequency IF module.

Another function of the RF module is to couple the reply signal from the trans-
mitter module to the antenna. A portion of this signal is detected by the trans-
mitter monitor crystal CR-1 and coupled through a low pass filter (FL-2) to the
test module.

The 59.5 MHz signal from the RF module is coupled to the first of three dual-
transistor cascode-amplifier stages in the IF module. A gain control circuit in
the first cascode stage (Q1, Q2) receives an adjustable LOW SENS signal from the
control panel and the Automatic Overload Control (AOC) signal from the reference
signal generator module. The LOW SENS control signal when present reduces IF
gain approximately 12 db. The AOC signal automatically reduces IF gain when the
interrogation rate becomes excessive thereby permitting only the strongest gsignals
to be accepted by the APX-64,

Another gain control circuit is located in the second cascode stage (Q3, Q4) and it
receives its signal from the gain control amplifier Q5. The gain control amplifier
receives an adjustable normal gain control signal to control IF gain. Both normal
gain and low-sens gain may be adjusted by potentiometers on the front of the
equipment chassis.

The output of the second cascode stage is coupled through the third cascode stage
(Q6, QT) to the detector and video processing circuits. The 59.5 MHz signal is
coupled through a final, single transistor, amplifier stage (Q1) to the detector

- (CR-2). The detector stage removes the 59.5 MHz signal component leaving the
video pulse envelope.
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The video signal is amplified by Q2 and split into two separate paths. One signal
path is through video amplifier Q3 and delay line driver Q4. The output of Q4 is
coupled into the delay line and into the SIF video AND gate. The signal is delayed
0.55 usec and applied as a second input to the AND gate. The SIF AND gate re-
jects signals that are not wider than 0.55 microseconds, thus eliminating noise
spikes. The third SIF video AND gate input is developed in the echo suppression
circuits.

The second output of the video amplifier Q2 is coupled to the echo suppression
level detector Q6. When a pulse is received, it is coupled to the output of Q6

and also sets the threshold level of this stage. The threshold, once set, slowly
returns to zero in approximately 8 microseconds. Any succeeding video pulse
that does not exceed the amplitude of the variable threshold will not be coupled

to the output. Echo signals are low amplitude signals that are received slightly
after the interrogation pulses and are produced by the reflection of the base
station from adjacent objects. Since these signals are low in amplitude and
coupled into the echo suppression level detector before the threshold has returned
to zero, they are not coupled to the output.

A side lobe suppression pulse (discussed in more detail later), if present in the
interrogation signal, will occur 2 usec after an interrogation pulse and therefore
will arrive before the threshold has returned to zero. If this pulse is at least

9 db below the level of the first interrogation pulse it will not be coupled to the
output. The removal of the side lobe suppression pulse indicates that the inter-
rogation signal is from the main lobe (valid signal) to the base station antenna.

The output pulses from Q6 are amplified by the echo suppression amplifier Q7
and shaped by pulse shaper Q8. The pulses are then amplified by the inverter
Q9 and coupled to the inputs of both the SIF AND gate and the M4 AND gate.

The coincident output pulse from the SIF AND gate is amplified by inverter Q5,
shaped by a pulse shaping circuit and coupled out to the decoder module.

The two inputs to the mode 4 AND gate, in addition to the echo suppression pulse,
are from the 0,25 and the 0.55 usec delay line taps. The delay line inputs pre-
vent coincidence of pulses that are not at least 0.3 usec wide (0. 55-0.25 = 0. 30) and
thereby eliminate noise spikes from the mode 4 video signal. The output of the

M4 AND gate is amplified by Q10 and coupled out to the decoder module.

DECODING CIRCUITS

The video interrogation pulses from the receiver circuits are coupled into the
decoder circuits. The decoder examines the spacing between the pulses to
determine the mode of the signal. If the signals are on the mode(s) selected by
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the control panel, gating signals will be produced. The gating signals initiate
the generation of a coded reply signal in the coder circuits.

The mode recognition circuits are similar in operation and, therefore, only Mode
1 circuits will be discussed. A valid mode 1 interrogation signal from the re-
ceiver circuits will consist of two video pulses spaced 3 usec apart. Refer to the
system specifications for pulse spacing and tolerances for each of the six avail-
able modes.

The mode 4 video output signal from the receiver circuits is coupled to a 1.0
usec signal switch that produces a sharply defined 1.0 usec output pulse for each
received interrogation pulse. The pulses are then coupled to the input of the de-
lay line within the delay line module. Each input pulse travels down the delay
line and is picked off at various taps. The delay taps used in the mode 1 recog-
nition circuits are 0.35, 3.0 and 3.55 microseconds. The delayed signals are
then coupled back to the decoder module.

The first interrogation pulse (P1) arrives at the delay line input at the same time
the SIF video pulse from the receiver circuits arrives at the mode 1 coincidence
AND gate. Since two simultaneous inputs are required to produce an AND gate
output no output is produced at this time.

Three microseconds later, the delayed P1 pulse from the delay line module
arrives at the AND gate input in time coincidence with the undelayed last
interrogation pulse P3 (SIF video). A mode 1 coincident pulse is then coupled
to the mode 1 enable AND gate. Since we assume that "MODE 1" was selected
on the control panel, the second AND gate (enable) input will be present. The
output signal then triggers the mode 1 gate generator which is a bistable multi~
vibrator. The gate generator switches which begins or initiates the gating sig~
nals. )

To insure that the pulse spacing is within tolerance, inhibit signals are applied
to the mode 1 coincidence AND gate and will prevent or inhibit the output when
present. Inhibit pulses are received from the 0.35 and the 3.55 usec delay line
taps. These pulses are coupled through their respective OR gates to limit the
time period in which-a mode 1 coincident output may be developed. If the last
interrogation pulse is spaced too close or too far away (out of tolerance) from
the first pulse, the inhibit pulses will prevent the generation of a mode gate
trigger., Various suppression pulses are also coupled to the inhibit lines and
will prevent the decoding of all interrogations when present.

One output from the mode gate generator is coupled out to the coder circuits.
The other output signal is coupled to a clock enable AND gate and to a clock
ogcillator. The clock oscillator is gated on and generates a series of pulses
spaced 1.45 usec apart. The clock pulses are coupled to a pulse shaping signal
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switch and to the stop trigger AND gate, The clock pulses trigger the signal
switch which produces a sharply defined 0. 4 usec output pulse for each input

clock pulse. These pulses are then coupled through the clock enable AND gate
to the coder module.

The coder module counts the pulses and returns an output pulse when the fif-
teenth clock pulse is generated. - This pulse triggers the pause generator which
inhibits the pulse shaping signal switch for approximately 2 usec and also applies
a gate to the stop trigger AND gate. Assuming the other two inputs (24~O, 22-0)
are present, the stop trigger AND gate will produce an output pulse when the six-
teenth clock pulse is generated. The coincident pulse is coupled through an OR
gate and resets the mode 1 gate generator. The-stop pulse is also coupled
through another OR gate to trigger the "delay time multivibrator" (DTMYV) which
produces an inhibit pulse preventing any further decoding for 100 usec. When
the system is in "IDENT" the 2%4-0 signal from the coder will not be present and
the mode gate is allowed to run for ancther coder period. When the system is in
"EMERG," both the 24-—0 and 25—0 signals from the coder are not present and the
gate will be extended to cover three additional coding cycles.

The clock gate signal from the mode 1 gate generator is also applied to a uni-
junction reset trigger generator that will produce an output pulse approximately
250 usec after the beginning of the mode gate. This pulse will reset the mode

gate generator if for some reason the normal resetting stop pulse is not generated.

The stop pulse signal is also coupled to the coder to re-enable the 2%-0 and 2°-0
pulse generators if these pulses have been removed due to "IDENT" or "EMERG"
operation.

In summation, the decoding operation involves circuits in the decoder, delay line,
reference signal generator and coder modules to complete its function. Mode
enable signals from the control panel are also required. The decoding function
provides a mode gate signal corresponding to the mode selected and a series of
precisely spaced clock pulses to the coder module each time a valid interrogation
is received. The length of the gate, and Consequently, the number of clock pulses
supplied depend on signals from the coder module that are produced by counting
the clock pulses and by the I/P or emergency control signals. The clock pulses
and mode gates are terminated and inhibited by a stop trigger at the end of the
coding cycle.

The decoder module also contains circuits used in conjunction with the external
computer in providing complete mode 4 operation. These circuits operate warn-
ing lights to indicate mode 4 operation. The mode 4 REPLY light will illuminate
when the computer generated reply signal is transmitted. The mode 4 caution
lights will illuminate when a mode 4 interrogation is received and no reply is
transmitted. An audio signal is also provided to indicate that a mode 4 signal
has been decoded.

15-24 VOL. VI



SIDE LOBE SUPPRESSION CIRCUITS

Side Lobe Suppression (SLS) is a process of interrupting the decoding process
and preventing the APX-64 from replying to side lobe signals from the base
station antenna. Side lobes are low amplitude "splash over' signals that are
radiated in directions other than the main lobe directional beam. These unde-
sirable signals cannot be completely eliminated and can cause the APX-64 to
reply at the wrong time, thus obscuring the bearing information. To enable the
APX-64 to sense side lobe interrogations the base station transmits an omni
directional SLS pulse (P2) two microseconds after the first interrogation pulse.
The amplitude of the SLS pulse is approximately equal to the side lobes. The
APX-64 compares the amplitude relationship between the received P1 and P2
pulses. If the interrogation is valid (main lobe) the P1 pulse will be many times
larger in amplitude than the P2 pulse (at least 9 db) and the interrogation is
accepted. If the P1 pulse is from a side lobe it will be equal to or smaller in
amplitude than the P2 pulse and the interrogation is rejected.

Side lobe detection circuits in the APX~64 generate a ditch shaped waveform for
each input pulse. The depth of the ditch is determined by the amplitude of the
pulse. Any succeeding pulse that does not exceed the amplitude of the ditch will
not be coupled to the output. If a side lobe interrogation is received, the P2
pulse will be large with respect to the P1 pulse and will be coupled to the output.

MAIN LOBE i_
ROTATION\ - -

APPROX IMATELY 9DB

P1 P2 4 P3

MAIN LOBE (VALID) INTERROGATION
MAIN LOBE

‘ :
SIDELOBES la2 usece]
! |

P2 PuLsE Pl P2 P3

BASE STATION

i S1DE LoBE (INVALID) INTERROGATION
ANTENNA

N I NTERROGATI ON
' AT 1 ON ATTERN
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The pulses from the SLS detection circuit are applied to the decoder where an
SLS gate generator will be triggered when the P2 pulse is present. The SLS
gate circuit will produce a 35 usec suppression pulse to prevent a reply from
being generated.

SLS COINCIDENCE
AND GATE

> SLS GATE i TERRUPT
} GENERATOR | TO IN
‘ DITCH THE DECODING
CIRCUIT PROCESS

| O 2 USEC é

DELAY LINE

] <§) .
/ MAIN LOBE l/ V V;DE LOBE l/
SIGNAL SI1GNAL

SIDE LOBE DETECTION
CItRCUITS

AND WAVEFORMS
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The SLS trigger is produced in the same manner as the mode trigger (previous-
ly discussed). The delayed P1 pulse will be coincident with the P2 pulse to trig-

ger the SLS gate generator.
ENCODING PROCESS

Encoding the reply signal is a process of producing a train of precisely spaced
pulses, the number of which is manually selected on the APX-64 controls. A
reply train is produced for each valid interrogation received by the system.

The mode gate generator in the decoder initiates the generation of a series of
pulses spaced 1.45 usec apart from a clock pulse generator. The clock pulses
are applied to a series of scalers which are in effect frequency dividers. Each
scaler is an electronic switch that changes its state (switches) each time it re-
ceives a "positive going" input pulse. The outputs of the scalers are then ap-
plied to a pulse enabling matrix that will allow the selected clock pulses to ap-
pear at the output. The selection of output pulses is provided by control signals
corresponding to the code selected. For example, suppose three output pulses
with 1.45 usec between the first and the second and 2.9 usec between the second
and the third are desired.

The first pulse will be produced when the outputs B and E of the scalers are
positive and a pulse No. 1 enable signal is provided. Similarly, pulses No. 2
and No. 3 will be produced when scaler outputs C and D, plus C and E are posi-
tive and the corresponding enable signals are present. The coincident positive
signals from each AND gate are differentiated, producing a spike at the time of
coincidence. These spikes are the generated reply train that will be used to
trigger the transmitter. '

The actual encoding circuits used in the APX-64 contain three pulse-counting
scalers that produce two outputs each. All the zero outputs are positive and all
the one outputs are negative at the beginning of the encoding count down. The
scaler output chart indicates the condition of the six output terminals at various
stages of the count down. Only the positive (1) outputs are operating signals in
the time matrix AND gates. From the chart and the encoder block diagram note
the process of enabling the fourteen time matrix AND gates in stepped sequence
as the count down progresses. Each time, matrix AND gate requires an addit~
ional pulse-enabling signal that is produced by the code select knobs on the con~
trol panels, or by the altitude coding computer. Mode gates from the decoder
module must also be present to enable the pulse selecting circuits to enable the
various pulses.

Automatic enabling or disabling of the time matrix and gates is controlled by
signals from the I/P and emergency control circuits in the reference signal

generator. When "EMERG" is selected on the control panel and a mode 3/A
interrogation signal is received and decoded, a control gignal is produced to
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automatically enable all A and B time matrices and disable all C and D time
matrices. This produces a 7700 output code regardless of the code selected by
the MODE 3/A control knobs. The second control signal input will disable all
information pulses when present and the F2 disable control signal will remove
the second framing pulse when present.

I/P AND EMERGENCY CONTROL CIRCUITS

The I/P and emergency control circuits generate signals that change the genera-
ted reply signal. Closing either the IDENT or the EMERG switch on the control
panel or by having the D4 pulse enabled by the external altitude coding computer
will initiate the reply code change. The actual changes that take place depend on
the mode of the received interrogation signal.
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If either the IDENT switch is closed or the mode C D4 pulse is enabled, the mode
gate will stay open long enough for two complete coding cycles. The IDENT switch
operates with a received model, mode 2 or mode 3A interrogation and the mode C
D4 enable operates with a received mode C interrogation.

If the EMERG switch is closed the mode gate will stay open long enough for four
complete coding cycles.

Mode gate extension is produced by triggering the 29 scaler and/or the 24 scaler
in the coder module at the end of the first generated reply train. If the 2% scaler
is triggered the gate will stay open two coding cycles and if both the 2% and the

2° scalers are triggered the gate will stay open for four coding cycles. When
either scaler is in the set or triggered state the gate stop generator in the decoder
module is disabled. Disabling the stop trigger generator prevents normal gate
stoppage at the end of the first reply train. The 2" and 29 scalers will be retrig-
gered at the proper time changing them back to the reset state thereby re-enab-
ling the gate stop generator. Therefore, the first function of the I/P and emer-
gency control circuits is to trigger the 2~ and 25 scalers at the proper time to
produce the required mode gate extension.

The second function of the I/P and emergency control circuits is to supply control
signals to the code enable matrix in the coder module. These control circuits
will automatically enable and/or disable the required information and framing
pulses to correspond to the desired reply.

Before proceeding with the discussion of mode gate extension a brief review of
normal mode gate generation will be given.

When an interrogation signal is decoded a trigger pulse is supplied to the mode
gate generator multivibrator. The mode gate generator changes to the set state
which begins the mode gate. The mode gate signal enables the clock pulse gen-
erator which produces a series of pulses spaced 1.45 usec apart. Each clock
pulse is one count in the coding cycle count down. The mode gate also enables
the scaler trigger AND gate and allows the clock pulses to trigger the pulse
counting scalers (2, 27, 22, 23) in the coder module. On the sixteenth count or
when the sixteenth clock pulse is produced, the 23~0 output of the 23 scaler will
go positive supplying a trigger signal to the 2 usec pause gate generator. The
pause gate signal inhibits the scaler triggers and enables the mode gate stop
trigger generator. The next clock pulse (count No. 17) then passes thru the stop
trigger generator, resetting the mode gate generator and thereby ending the mode
gate. Note that the stop trigger generator is an AND gate requiring a positive
24-0 and 2%-0 signal from the coder scalers to be present. If either of these in-
puts are removed, the stop trigger will not be generated and the mode gate will
remain open. '
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The I/P gate generating circuits produce an I/P enabling gate signal for approx-
imately 25 seconds each time the IDENT switch is closed. The I/P signal from
the control panel supplies a trigger to the I/P gate generator and an inhibit sig-
nal to the I/P AND gate. The I/P gate generator is a bistable multivibrator that
produces the I/P gate when triggered. When the IDENT switch is released, it
returns to the "'off" position, re-enabling the I/P AND gate. The I/P gate sig-
nal then passes through the AND gate to a timer circuit. Approximately 25
seconds later the timer supplies an output pulse that resets the I/P gate gene~
rator ending the I/P gate. The I/P gate signal is supplied to the I/P and emer-
gency control circuits to generate the required code changing signals.

. T — 1
/P CONTROL | |
i/P CON .| TIMER
: T 20-30SEC |
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| GEN ‘
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When the emergency switch is closed and no mode C signal is decoded, the emer-
gency signal will be supplied to one input of the 25 scaler trigger generator. The
2% scaler trigger will then be generated when the 24 gealer is triggered due to
the od-1 input. At the end of the second reply train the 2% scaler will be trig-
gered as explained before, removing the 24-1 input to the 2% scaler trigger gen~
erator. The 29 scaler is still in the set state and therefore the mode gate stop
trigger generator is still inhibited. The mode gate will therefore remain open
through the third coding cycle. At the end of the third coding cycle the 2% scaler e
is again triggered which supplies a trigger to the 29 scaler to change it back to
its original state. At the end of the fourth coding cycle the 24 scaler is triggered
again and at this time both the 24 and the 2° scalers will enable a stop pulse to be
generated ending the mode gate.

If a mode 3/A interrogation signal is decoded when the EMERG switch is closed,
the mode 3/A emergency coding generator will be enabled which will supply a
reply code changing signal to the coder module. This signal will automatically
enable all A and B reply pulses and disable all C and D reply pulses regardless
of the coding set on the control panel. The reply signal produced will then be a
7700 signal.

The I/P gate passes through two OR gates to the input of the 2% scaler trigger
generator. At the end of the first reply train a 22-0 pulse from the coder module
is supplied to the other AND gate input. If no input is supplied to the inhibit ter-
minal, a 2% scaler trigger is generated. If a mode C interrogation is decoded
the mode C gate passes through the two OR gates to the AND gate. If no D4 pulse
is present in the reply, the 2% trigger generator is inhibited. If the D4 pulse is
present the inhibit pulse to the o4 trigger generator is inhibited by the mode C

D4 AND gate. Therefore, a mode g interrogation with the D4 pulse present will
‘allow the 25-0 pulse to produce a 2% scaler trigger at the end of the first coding
cycle. The 2% trigger will set the 2% scaler removing the 2%-0 input to the mode
gate stop trigger generator (as mentioned before). At the end of the second cod-
ing cycle the 27 scaler is triggered back to its original condition allowing the
mode gate stop trigger to end the mode gate.

When the EMERG switch on the control panel is closed and an interrogation sig-
nal ig decoded other than mode C the emergency control signal passes through
an OR gate to the 24 trigger generator allowing the 2% scaler to be triggered at
the end of each reply train. If mode C is decoded the mode C gate inhibits the
emergency control signal.

When the EMERG switch is closed and a mode 1, 2 or 3/A interrogation is re-
ceived the information between the two framing pulses will be removed in the
second, third, and fourth pulse trains. The pulse train disable signal is pro-
duced when the emergency signal is supplied by the control panel and not inhib-
ited by a mode C gate. The emergency gate is supplied as one input to the pulse
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train disable generator. The second input is supplied when either the 24-0 scaler
output or the 29-0 scaler output is not positive. The pulse train disable signal is
then coupled through an OR gate to the code select matrix in the coder module.

When the EMERG switch is closed and a mode 2 or 3/A interrogation is decoded,
both the pulse train and the second framing pulse will be disabled in the second
pulse train. Since there are only two pulse trains developed in 1/P the only cod-
ing change will be the addition of a second F1 framing pulse 4.35 usec after the
last framing pulse in the first pulse train. If the interrogation received was a
mode 1 signal the F2 and pulse train disable generator will receive only one
input (I/P) and a second fully coded pulse train will follow the first pulse train.

When a mode C interrogation is received the second pulse train will only include
the first framing pulse. Remember that a second pulse train is only generated
if the D4 pulse is present in the first pulse train.

AOC CONTROL SIGNAL CIRCUITS

The AOC control signal is generated in the reference signal generator module.
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This signal limits the transmitted reply signal rate to any preset valve between
500 and 1500 replies per second. Reply rate reduction is accomplished by grad-
ually reducing the sensitivity of the IF amplifier as the limiting level is approach-
ed. In this way, weaker interrogation signals are discriminated against in favor
of stronger signals. Standardized pulses received from various circuits in the
receiver-transmitter are applied to an integrator circuit followed by a threshold
circuit. When the input pulse rate becomes excessive, the output of the integrator
will exceed the threshold level. The signal from the threshold circuit is the con-
trol voltage that is coupled to the IF amplifier module. Since the level of the AOC
control signal is proportional to pulse rate, the gain reducing AOC signal will
increase in proportion to the pulse rate.

LOW SENSITIVITY
STOP TRIGGER ADJUST
AOC

aoc! oR AOC
2 GATE GEN SI1GNAL

AOC INTEGRATOR TO
. AND IF ampPL
mobe 4 m THRESHOLD
AOC GATE

CIRCUIT

SLS - SLS
COINCIDENCE GATE GEN

AOC CONTROL SIGNAL GENERATOR

Three input signals are fed to the integrator circuit. A pulse from the AOC gate
generator is produéed at the beginning of the clock gate (AOCl) and at the end of
the reply signal (stop trigger). When the system decodes and transmits a mode

2 emergency signal an additional pulse will be produced by the 29 scaler (AOCz).
The output of the AOC gate generator will limit a mode 1, 2, or 3A reply rate to
1500 per sec. Mode 2 emergency replies are limited to 800 per sec. The second
input is applied each time the system receives an invalid sidelobe interrogation
signal (SLS coincidence). The third input is applied each time the mode 4 inter-
rogation is decoded (mode 4 AOC gate).

The quiescent (no signal) output level of the AOC control circuit is adjusted by
the RCVR-SENS level adjust resistor on the front panel of the receiver-trans-
mitter. :

MODULATOR-TRANSMITTER CIRCUITS

The modulator increases the reply signal gain to a level sufficient to trigger the
transmitter. The transmitter consists of a lighthouse triode vacuum tube
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installed in a resonant cavity. Each trigger pulse from the modulator shock ex-
cites the transmitter which produces a high level 1090 MHz RT signal for the
length of the trigger pulse. The RF pulses from the transmitter cavity are
coupled through the preselector in the RF module to the antenna and radiated.

The modulator circuits are divided between two modules. The circuits that
initially receive input signals are located in the reference signal generator mod-
ule and are called the premodulator. The premodulator output signals are then
coupled to the final modulator or driver circuits within the transmitter module.

[ RF out ]
STANDBY CONTROL X T :
cLoCK lgHIBIT —
H TRANSMITTER
PULSES — g VOLTAGE] g,
REPLY —bs) ! P.5. OSCILLATOR |
SIGNAL .
FROM CODER DRIVER
MODULE AMPL
XMTR MODULE
35 uskc 0.4 usec PRE%?J%%%&TOR
@ AUX INT PULSE
SUPPR GEN SHAPER
AUX INTERVAL
M4 s SUPPRESSOR
REPLY
SIGNAL
AUX ¥ SUPPRESSOR
TRIGGER ouUT

CLOCK GATE
MODULATOR - TRANSMITTER CIRCUITS

The generated reply signals from the coder module are coupled to the input of an
AND gate with the output of the clock pulse generator. Each coincident pulse is
coupled through an OR gate to the standby control AND circuit. When the funct-
ion switch on the control panel is in "STBY'" (standby), the inhibit signal pre-
vents further processing of the modulator signal. The reply signal is coupled to
a pulse shaper that developes a sharply defined 0.4 usec output pulse for each
input pulse. The reply signal is then amplified further and coupled out to the
transmitter module.

Mode 4 reply signals and auxiliary trigger signals are also coupled to the pre-
modulator circuits. These signals follow the same path as the coder generated
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pulses after triggering the auxiliary internal suppressor multivibrator. Each
pulse is also coupled to the suppressor output terminal.

The auxiliary internal suppressor produces a 35 usec gate to inhibit further sig~
nal decoding. The suppressor output signal may consist of mode 4 or auxiliary
input signals or the clock gate signal from the decoder module.

TEST MODULE

The test module receives input signals from various circuits throughout the
receiver-transmitter unit. Each input signal will light its corresponding moni-
tor light indicating that the circuit monitored is operating correctly, The input
signals whose time duration is too short to keep the monitor lamp illuminated
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are used to trigger monostable multivibrators in the test module. Each multi-
vibrator will produce an output pulse with approximately 5 MS duration when
triggered by an input signal. The multivibrator outputs are then coupled to the
indicator lights. The circuits monitored are as follows:

@ Crystal Current ® Coder
® Receiver Video e Transmitter Oscillator
@ Decoder e High Voltage Power Supply

A test switch on this module will induce noise in the IF amplifier of sufficient
magnitude to trigger any selected mode gate generator when pressed. The re-
ceiver-transmitter will then generate a reply signal.

POWER SUPPLY

The power supply module furnishes regulated and unregulated voltages for the
system. Input voltage is 115 volts, AC. The unregulated output voltages are
+45 volts, DC, 6.3 volts, AC, and 1 volt, AC. The regulated output vo_tages
(D-C) are +100, +20, +10, +6, +4, -2, -4, -6, and -20 volts, DC. The power
supply contains transient suppressor circuit that will automatically reduce the
input voltage to a safe valve if it rises above 140 volts, AC.

15-40 VOL. VI



W o hb __wolume VI_chapter 16

DOPPLER NAVIGATION RADAR
GENERAL

The problem of navigation resolves itself into several fundamental questions.
Where am I, where am I going, and how fast am I going there? Under ideal
conditions, the airspeed indicator and compass would furnish precise an-
swers to the last two questions. However, under normal flying conditions,
wind adds a factor which causes the compass and airspeed indication to vary
greatly from true ground track and ground speed. The APN-147 Doppler
radar system gives the answer. Its advantages are that it operates without
the need of any auxiliary ground station; it is capable of operating day or
night; it is capable of operating in any weather condition; and it is capable
of operating at any latitude.

The APN-147 measures and displays aircraft ground speed and drift angle.
Ground speed is the actual rate of travel over the earth's surface. Drift
angle is the angular difference between aircraft heading and the path that

it follows over the earth. Ground speed is displayed in nautical miles per
hour (knots) on the navigator's instrument panel. It is also supplied to the
ASN-35 Doppler computer, the ASN-24 computer and the C-12 compass.
Drift angle is displayed on the navigator's panel as degrees left or right of
ground track. Drift information is also supplied to the ASN-35 and ASN-24
computers.

AIRCRAFT INSTALLATION

The Doppler system consists of five components. They are as follows:

® Transceiver RT-625 ()
e Antenna : AS-1168
e Frequency tracker | CVv-1181
® Indicator ID-938

e Control panel C-3818 ()

A test receptacle is also provided on the side of the navigation J box. The

location, power sources, and cabling is shown on the "Aircraft Installation"
illustration.
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SYSTEM OPERATION

lNCR LEFT LAND

@/@ " RIGHT
SLEwW OFF LO
PowER

D20PPLER SEA

CONTROL PANEL

The control panel and indicator at the navigator's station contains the necessary
controls for system oneration. The POWER switch is used to energize the sys-
tem for manual slewing ("SLEW" position) and automatic operation (""ON'" po-
sition). In the "SLEW' position ground speed and drift angle momentary slew
switches are enabled. The slew switches allow the operator to manually insert
estimated aircraft ground speed and drift angle values into the system. If the
inserted values are near actual values the radar will acquire "lock-on" in flight
after the POWER switch is placed to "ON'". After "lock-on' the radar will auto-
matically track any change in ground speed or drift angle and will continuously
maintain drift angle and ground speed indications. The slew switches are dis-
abled when the POWER switch is in the "ON" position.

The LAND-SEA switch provides proper corrections of ground speed readings for
the type of surface over which the aircraft is flying. The "LAND'" position of the
LAND-SEA switch is used when the set is operated over land. When flying over
water sea=-state error results in the reduction of the Doppler shift as the radar
waves are reflected from the water. This reduction of Doppler shift would re-
sult in a decreased ground speed read-out if it was not compensated. 1.25 per-
cent correction is necessary due to this error. The "SEA-LO' switch position

is used when flying low over water and when returns are sufficiently strong to
maintain constant ''lock-on', however the ground speed reading is corrected 1.25
percent and remains accurate. At higher altitudes where return signal strength
is lower, the "SEA-HI" position is used. Depending on the sea condition (smooth)
the amplitude of the received signals is also reduced. In the "SEA~HI" position
two modes of operation are possible: "SEA-HI'" operation which is similar to
"SEA-LO" operation, and Smooth Sea operation where antenna beam angle is in-
creased in order to maintain "lock-on'. Smooth Sea is less accurate than "SEA-
HI". In actual operation the set automatically cycles between the two modes
approximately every 60 seconds unless '"lock-on'" is achieved in the "SEA-LO™"
operation. In this event "SEA-LO' operation is maintained uiitil loss of the return
signal occurs.

NOTE: The automatic cycling described occurs only when the LAND-SEA switch
is in the "SEA-HI' position.
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Insufficient signal or system mal-
function are indicated by memory
lights on the control panel, and by

an OFF flag and memory light on the
indicator. The indicator displays

drift angles of 40 degrees left or right
and ground speed up to 999 knots. Max~
imum drift is limited to 38 degrees left
or right in the antenna.

A pre-takeoff pushbutton on the in-
dicator, when momentarily pressed,
provides preset selection of ground
speed and drift angle. The ground
speed indicator will slew to 165
knots and the drift indicator will
slew to 0 degrees. The pre-take-
off pushbutton is disabled by a
touchdown relay when pressure is
relieved from the main landing gear
at lift-off.

SPECIFICATIONS

DOPPLER RADAR APN-147

CHARACTERISTIC

SPECIFICATION

Operating frequency
Nominal Doppler frequency
shift

Emission type

Modulation

- Power output

Operating altitude

Drift angle

8.8 GHz

20.66 Hz/knot (LAND mode)
20.48 Hz/knot (SEA mode)

6.67 Hz/knot (smooth Sea mode)

FM~-CW
Sinusoidal 0.67 or 1.08 MHz

500 Milliwatts nominal
370 Milliwatts nominal

100 feet to 50, 000 feet

Up to maximum 40 degrees L or

"R t1/4 degrees

16-4
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SPECIFICATIONS (continued)
DOPPLER RADAR APN-147

CHARACTERISTIC SPECIFICATION
Ground speed 70 KT to 1600 Kt I 5 percent
Antenna attitude limits Pitch 20 degrees, stabilized

s degree

Roll ¥ 30 degrees

Antenna drive rates Pitch 1 degree per second
Drift 3 degrees per second

BLOCK DIAGRAM THEORY OF OPERATION

The Doppler radar measures groundspeed and drift angle using the "Doppler
Effect". The "Doppler Effect" is the frequency shift induced into a signal when
the transmitter or receiver, or both, are in motion in relation to each other.
The amount of Doppler shift is directly proportional to the aircraft velocity
(groundspeed) and can be expressed by the mathematical formula:

Doppler shift = F-g-
Where F = frequency transmitted
V = velocity of aircraft (groundspeed)

C = speed of light (propagation velocity of radar wave)

The Doppler shift is upward (""Up-Doppler") on a beam transmitted forward of a
moving aircraft and downward ("Down~Doppler') on a beam transmitted aft. Two
other factors must be considered when the Doppler shift is measured by a radar
set in an aircraft. First, since both the transmitter and receiver are located in
the aircraft, two Doppler shifts are created. One when the wave is transmitted
and the second as it is reflected back to the aircraft. A factor of two must now
be added to the Doppler formula.

Doppler shift=2 F -—-%L
The second factor that must be considered is the angle of antenna radiation. Max-~
imum Doppler shift would be received if the antenna beam was transmitted dead
ahead. I the beam was directed straight down at the earth, the Doppler shift
would be minimum. Since in the aircraft the beam is directed to the ground at an
angle between dead ahead (0 degrees) and straight down (90 degrees), we introduce
a factor to compensate for this. The factor used is the cosine of the radiating

VOL. VI 16-5



angle. The complete Doppler formula then becomes:

V cos radiating angle
C

Doppler ghiit=2 F

The Doppler shifts incurred, above and below the transmitted frequency, are de-
tected and converted into an audio signal within the Doppler system at the nomi~

nal frequency of 10.33 Hz per knot of groundspeed. The audio signal is used for
groundspeed and drift angle computations.

The Doppler system transmits one fan~shaped beam forward and one aft. The
transmitted beams are angled below the aircraft, fore and aft at a 70 degree de-
pression angle. This creates an RF energy pattern on the ground much like the
illumination pattern of a flashlight beamed at an angle onto a tabletop.

T DEPRESS | ON
ANGLE

TRANSMITTER BEAM PATTERN

Two receiver beams are utilized simultaneously, one looking forward, the other
looking aft. This ability of a radar set to look in two directions at once is called
"y anus" operation. The fore and aft beams are offset from the centerline of the
aircraft and are switched from side to side at a 3/4 second rate. During the
first 8/4 second period the received beams cover the right forward and left aft
segments of the transmitted patterns.’ For the next 3/4 second the beams cover
the left forward and right aft segments.

The tracker circuits measure groundspeed by determining (frequency tracking)

the Doppler shift. The difference between the Up-Doppler and Down~Doppler

frequencies is detected to produce a Janus Doppler audio signal which is the sum

of the two Doppler shifts and is representative of groundspeed. The Janus Dopp-

ler signal is used to drive a servo. Rotation of the servo shaft, which is ana- |

logous to groundspeed, controls a servo loop which positions the digital ground- e
speed readout on the indicator.
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In "LAND'" mode each knot of ground speed creates a Doppler shift of 20.66 Hz
Janus audio. Janus audio is 20.40 Hz per knot in either "LO SEA' or "HI SEA"
modes. "Smooth Sea' is an automatic function of the manually selected "HI SEA"
mode. Smooth Sea operation occurs when the received signal strength is inade-
quate to provide normal "SEA'" operation. In Smooth Sea operation the forward
beams tilt down an additional 7 degrees and the rear receiver beams are disabled.
The additional depression angle and loss of the rear beams results in a lower
Doppler shift (6.67 Hz/knot non-Janus). For one minute out of every two, the
system returns to normal Janus operation. If, during this one minute period
-adequate signal is being received, the system remains in Janus operation and
does not return to Smooth Sea until the received signal again decreases below a
usable level. If sufficient signal is received only in Smooth Sea mode it is nor-
mal for the memory light to illuminate approximately one minute out of every two.

Drift angle is measured by comparing the average Doppler shift incurred in one
3/4 second period to the shift incurred in the alternate 3/4 second period. As-
suming a drift condition exists (aircraft heading and ground track are not the
same) the Doppler shift will be greater in one receiver beam position than in the
other. As long as a 3/4 second change in Doppler shift exists, a servo within the
tracker will position the antenna, right or left from the aircraft centerline, until
a steady Doppler condition is reached. The antenna centerline will then be along
the ground track. Drift angle is the angular difference between aircraft center-
line and antenna centerline. A synchro loop, controlled by antenna movement,
positions the drift angle needle on the indicator.

A built-in sampling (lock-check) circuit determines if the displayed information
is accurate by introducing errors into the system and checks for the correct re-
sponse. If the response is incorrect or the received signal is inadequate to sus-
tain Janus or Smooth Sea operation the system goes into memory. While in
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mory the indicator is automatically locked to the last valid ground speed and
ift angle readings. The warning flag appears and the memory lights are illum-
ated. While the system is in memory, a continuous check of the received sig-
al is made to determine whether its strength is adequate to restore normal Janus
»r Smooth Sea operation.

The Doppler transmitter produces a Frequency Modulated (FM) Continuous Wave
(CW) carrier. The modulation signal is generated in the modulator and applied to
the transmitter klystron. The klystron output is applied to the transmitting antenna.

The returned signals are amplified in two IF strips and sent to the Janus mixer.
The Janus mixer adds the Up-Doppler and Down-Doppler from the IF strips. The
Janus Doppler then supplies the frequency comparator. The frequency comparator
locks a linear voltage controlled audio oscillator to the Doppler audio frequency.
The shaft angle of the oscillator-driving servo is transmitted to the indicator as an
analog of groundspeed.

The modulator generates signals of 0.67 or 1.08 megahertz (MHz). The fre-
quencies are switched alternately at a 15 Hz rate. Multiplying stages select
harmonics nearest 3.3 MHz from each signal. These multiplied frequencies are
used by the receiver. The 15 Hz time-shared 0.67 or 1.08 MHz signal is super-
imposed upon the D~C repeller voltage supply of the transmitting klystron. The
klystron output is an 8,800 MHz, frequency modulated carrier with the modu-
lating signal plus harmonics of the modulating signal appearing in the sidebands
of the carrier. The klystron output is fed through a coupler to the transmitting
array. This array consists of a slotted waveguide with a horn reflector. The
slots are cut to direct a fan-shaped beam forward and aft at equal angles to the o
aireraft centerline. The coupler directs a small sample of the transmitted energy
to the receiver mixers.

The receiving array consists of two slotted waveguide sections joined back to back.
One is slotted to receive forward, the other aft. The received beamwidth is ap-
proximately one-half the width of the transmitted beams. The reflectors are
shaped to direct the received beams to the left or right half of the transmitted
beams. When the forward beam is being reflected left, the aft beam is reflected
right. Three-quarters of a second later the waveguide assembly is rotated 180
degrees. Now the forward beam is reflected right, the aft beam left.

A waveguide switch connects the output from the arrays to the balanced mixers.
The balanced mixers beat the sample of the transmitted energy from the coupler,
with the incoming reflected energy. The resultisa broad spectrum of frequen-
cies consisting of the harmonic sidebands and the Doppler frequencies. Included
is the IF plus.or minus the Doppler. This signal is the third or fifth harmonic of
the 0.67 or 1.08 MHz modulating frequenciés. This signal is fed to the IF amp-
lifiers. The IF is stagger-tuned for broad-band operation. The IF plus or minus
Doppler frequency is mixed with the signal from the multiplier in the modulator.
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Rectifying and filtering yields the Doppler frequencies. The output of the right

IF amplifier will be Up-Doppler, while the output of the left IF amplifier is Down-
Doppler. Three-quarters of a second later this condition is reversed as antenna
switching occurs.

The outputs of the IF amplifiers are connected to the frequency tracker unit, where
they are applied to the Janus mixer. The purpose of the Janus mixer is to add the
Up-and-Down Dopplers. This is accomplished by producing single gsideband sig-
nals using approximately 100 kilohertz as the carrier frequency. By selecting the
upper sideband of one balanced modulator and the lower sideband of the other, the
sum of the Doppler shifts can be obtained through a ""square law detector'.

In the amplifier and phase splitter circuits the Up Doppler and Down Doppler is
added to a carrier from the crystal oscillator. For explanation purposes we will
assume that the Crystal Osciilator frequency is 100 KHz. In the balanced modu-
lator and filter circuits the sum and difference frequencies are obtained and the
carriers are suppressed. Upper Sideband (USB) filters eliminate the lower side-
pband. As an example if Up Doppler and Down Doppler were both 5 KHz then the
output of each of the USB filters would be 105 KHz. The crystal oscillator fre-
quency is doubled (200 KHz) and mixed with the output from one of the USB filters.
In our example 105 KHz out of the USB filters would result in sum and

difference frequencies of 305 and 95 KHz being applied to the Lower Sideband
(LSB) filter. The LSB filter then passes 95 KHz to the square law detector where
it is mixed with the 105 KHz from the other USB filter to produce a Janus Doppler
signal of 10 KHz (difference frequency). In actual usage the input Doppler fre-
quency will vary from 1 to 10 KHz as groundspeed changes. This results in a
change of 2 to 20 KHz of Janus Doppler.

The bandwidth of the USB filters is approximately 100.5 to 106 KHz. If the Crys-
tal oscillator frequency was maintained at 100 KHz then at higher Doppler fre-
quencies the sum of the crystal oscillator and Doppler frequencies would be above
the USB filter range. To compensate for this the actual frequency of the crystal
oscillator is changed from 99.8 to 96.9 to 95.1 as groundspeed is increased.

The Janus Doppler is then fed through an amplifier to the frequency comparator.
The frequency comparator generates a shaft position analog of groundspeed by
slaving a linear-voltage-controlled audio oscillator (phantastron) to the Doppler
frequency. This shaft position is used by the navigator's groundspeed indicator.
Frequency comparison is accomplished by mixing the output of a phantastron with
the incoming Doppler signal through a diode mixer. The output of the mixer is
amplified and fed to low-pass filter. If the phantastron frequency is considerably
larger or smaller than the Janus Doppler frequency, the filter rejects the beat
note produced in the mixer. As the phantastron approaches the Doppler frequency,
the beat note is reduced in frequency until it is within the bandpass of the filter.
The filter output is rectified, producing a D-C voltage when the phantastron is
near the Doppler frequency.
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The phantastron may be either above or below the Doppler frequency and produce
a beat note within the bandpass of the filter. A five-cycle switch alternately
shorts out and opens around a resistor in series with the phantastron potentio~
meter. 'This superimposes a five-Hz square wave upon the D-C phantastron con-
trol voltage. This change in control voltage causes an up and down shift in the
phantastron output frequency at a five cycle rate. If the mean value of the phan-
tastron frequency is centered in the spectrum of Doppler frequencies the phan-
tastron shifts equal amounts above and below the Doppler frequency. The beat
note is of the same frequency and amplitude during both frequency periods. A
constant D-C voltage is produced. The five cycle switch causes the DC to charge

bop
FREQUENCY

PHANTASTRON
FREQUERCY

PHANTASTRON
FREQUENCY

[SE——— prevep—

§
g “ S

I
INCREAS ING [~ | VALUE
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the two capacitors at the input to the magnetic modulator. Since the D-C voltage
is constant, both capacitors have equal charges and no current flows in the mag-
netic modulator input.

If the phantastron frequency is not centered about the Doppler frequency, the beat
note is higher in frequency during one switching period than the other. The out-
put of the filter is greater during half the cycle; therefore, the DC produced is
also greater. The action of the five cycle switch causes one capacitor to be
charged to the higher voltage and the other to the lower voltage. Since the switch
controlling the charging of the capacitors is operated at the same rate as the
switch causing the phantastron frequency shift, one capacitor receives the higher
charge if the mean phantastron frequency is above the Doppler frequency. This
reverging D~C current flows in the input of the magnetic modulator when an un-
balance in capacitor charge exists. The direction of the current flow depends
upon the relative location of the mean phantastron frequency with respect to the
Doppler frequency.

The magnetic modulator converts this DC into an A-C output with phase controlled

by the polarity of the D-C input. This AC is applied through a cathode follower

to a phase sensitive detector whose output controls a magnetic amplifier. The

output of the magnetic amplifier is an A-C signal of sufficient amplitude to drive

the groundspeed motor. The direction of motor rotation is controlled by the phase R
of the driving voltage. The motor drives the phantastron control potentiometer
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either in an increasing or decreasing frequency direction until the mean frequency
is centered about the Doppler frequency. Switches on the groundspeed shaft change
the carrier frequency in the Janus mixer crystal oscillator to the different valves
needed to keep the mixed signal within the USB filter ranges. A synchro mounted
on the shaft transmits an analog of groundspeed to the navigator's indicator.

The foregoing discussion presumed that the Doppler frequency remained constant.
If there is an antenna drift error, the Doppler frequency is higher for one period
of antenna switching than the other. The frequency tracker therefore tends to
track upward (in frequency) for approximately three-quarters of a second, then
downward for three-quarters of a second. This is due to the effect of the beam
angle on the Doppler. Since the voltage causing the frequency to track upward
and downward is related to the antenna switching rate, the same voltage can be
used to position the antenna to null out the difference in frequency. The two halves
of a drift reversing stage are alternately enabled by a switch on the antenna. The
drift reversing stage will either pass the signal as is or reverse the signal phase,
depending on the instantaneous antenna switching state. This process keeps the
antenna driving in the proper direction until the frequency differences due to an-
tenna switching are nulled out.

Drift angle is determined from the antenna position and is transmitted to the nav-
igator's indicator by a synchro. The synchro rotor is geared to the antenna; its
stator is clamped to the antenna saddle.

If the phantastron is initially positioned too far from the Doppler frequency, the
filter output would be zero. The capacitors at the magnetic modulator input would
not be charged and the system would appear to be locked on. To prevent this, a
lock-check system is used. The lock-check system adds or subtracts resistances
every 3.5 seconds in series with the phantastron potentiometer. This causes the
groundspeed servo to be driven briefly upward then downward at a 3.5 second rate.
A tachometer generator is connected to the groundspeed shaft. The tachometer
output is connected to a detector which is gated by the lock-check switches. If the
motor turns according to the error introduced by the lock-check switches, the de-
tector output will hold the lock-check relay energized. If the motor does not drive,
or turns in the wrong direction, the relay will deenergize and place the system in
memory operation.

The navigator's indicator normally receives groundspeed and drift in the form of
synchro signals. A control transformer and servo displays groundspeed on a
drum-~type counter. Drift is displayed by a synchro repeater and pointer. In
memory operation, the drift pointer and groundspeed drums are locked. The
synchros in the indicator are then used as a reference to hold the groundspeed and
drift servos in the frequency tracker in their last position. The position is held
until the radar is able to lock on the returned signal. The memory outputs of the
indicator are fed into the phase sensor in the electronic control amplifier.
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Outputs from the radar to the ASN-35 and ASN-24 computers are 'raw Doppler"
and "ground track'. Raw Doppler is taken from the phantastron through the
cathode follower. Ground track is obtained by passing the No. 1 compass synchro
information through a differential generator operated by the antenna drift angle
servo. A second output of the APN-147, to the C~12 compass system, is ""ground-
speed' which is taken from a potentiometer on the groundspeed motor. This out-

put voltage is used as coriolis correction for the compass system to improve
accuracy.
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DOPPLER NAVIGATION COMPUTER

GENERAL

This computer system provides the navigator indications of distance to go
to a preselected destination as well as distance from his preselected flight
path (distance crosstrack). This system requires ground speed and ground
track information from the Doppler radar system.

AIRCRAFT INSTALLATION

The aircraft installation diagram shows general cabling and component
locations. Those components are as follows:

e Computer CP-622
e Main Control Panel C-3819
® Auxiliary Control Panel C-3820

® Ground Test Switch

SYSTEM OPERATION

Doppler computer operation requires Doppler radar groundspeed (audio
signal at 20. 66 Hz per knot in radar land mode) and Doppler radar ground
track (compass heading + drift angle). ’

Ground operation of the computer is only provided when the ground test
switch is in "TEST" position. For inflight operation the switch must be
placed to "NORMAL" before takeoff,

When the navigator determines his departure and destination points, he

presets knobor@ on the main control panel to the desired track angle
between the two points. The desired track indicators do not change with
computer operation., The nautical mile distance to go between the points
are preset by knob@or@ If he desires presetting the angle on Knob@
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GROUND TEST
ASN-24/ASN-35

(STAGE II) he must use the STAGE II distance-to-
go knob @ Knobs @ and @ must be set
to 000 miles crosstrack, The navigator may

TEST preset two flight legs. He determines his first
leg and presets it as explained previously. His
second leg may be preset in the same manner

NORMAL on the opposite stage.

GROUND TEST
SWITCH
1 2 3
AUXILIAIV___— t!MSCAL
OFF
| &w«u
D!STANCE CNOS‘ TRACK
MAIN CROES TRACK
AUX1TLIARY CONTROL
MAN ofofls] [LeFT
@___.0” DISTANCE CROSS TRACK @ @
DISTANCE TO 80 W
(. 4 ]
MAIN CONTROL
ASN-35 CONTROL PANELS
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LEG B PRESET ON THE OPOSITE

STAGE OF CONTROL PANEL
-- - LEG A DESTINATION POINT

. CHOSEN BY THE NAVIGATOR

DESIRED TRACK ANGLE SETTING
273.4 pegREES

atrPoORT No.2 DISTANCE TO GO

210nM

LEG A PRESET ON EITHER
STAGE OF CONTROL PANEL

DESIRED TRACK ANGLE SETTING
320.0 DEGREES

DISTANCE TO GO
245NM

AIRPORT No.1 :
LEG OPERATIONS g

For a two leg operation, as shown in the '"Leg Operations' illustration, the
navigator places Knob@to the stage he has preset for leg A and switc}@in the

"NAV" position, To activate the system, Knob@is placed to manual ("MAN'")
or automatic ("AUTO"),

With the Doppler radar preslewed or operating the computer begins counting
when the aircraft lifts off airport 1. With Knob@as shown, the main control
panel CROSSTRACK indicator will constantly display the left or right nautical
miles distance in tenth mile increments from the preselected leg A. The pilot
will see deviation from the leg on his flight director and attempt to keep the air-
craft on course. When the leg A stage counts down to 000 NM CROSSTRACK
and DISTANCE-TO-GO, the navigator knows the aircraft is over the leg A
destination. He then transfers stages manually with Knob@if Knob@was pre-
set to "MAN. " If "AUTO" had been preset, stage switching would be automatic
when the leg A stage counted down to 000 NM distance~to-go. When the system
is switched to the leg B stage the main panel will stop counting on the leg A
stage and begin counting on the leg B stage. The main panel CROSSTRACK will
now read distance from leg B. Accuracy of the CROSSTRACK reading for leg
B will only occur if the indicator was 000 NM crosstrack upon stage switching.

It is necessary therefore for the aircraft to be over destination No. 1 upon stage
switching,

When the aircraft reaches airport 2 the leg B stage will read 000 NM crosstrack
and 000 NM to go. If the pilot chooses to pass over airport 2 automatic stage

17-4 VOL., VI



switching will not re-occur if the navigator leaves the previous leg A stage set
to 000 NM distance to go. With knob@preset to "3, CROSSTRACK display for
both stages reads only on the auxiliary panel. This would be required if the
main panel crosstrack counter was inoperative. In position "2," the auxiliary
panel displays STAGE I CROSSTRACK and the main panel will display STAGE II
CROSSTRACK depending on the selected stage at the main panel. This position
provides a complete set of counters for each stage.

The drop position of switch@increases counting speed by 10. Therefore preset
valves of crosstrack and distance-to-go on the stage being preset for a drop leg
must be 10 times greater than ncrmal for "NAV" (cross country) operation to
obtain 000 NM readings over the target.

SPECIFICATIONS

DOPPLER COMPUTER ASN-35

CHARACTERISTIC SPECIFICATION

Power requirements 28 volts, DC

115 volts, AC, 400 Hz
26 volts, AC, 400 Hz

Maximum DISTANCE-TO- 999 NM (99.9 NM in DROP mode)
GO Readout {1 NM steps in NAV 0.1 NM steps
in DROP)
Maximum CROSSTRACK 99.9 NM (9.99 NM in DROP mode)
Readout (0.1 NM setp in NAV 0, 01 NM steps
‘ in DROP)
|
Desired track angle 000. 0 to 359. 9 degrees
Altitude 50,000 feet maximum
Ambient temperature _ -55°C (~67°F) to + 55°C (+131°F)

BLOCK DIAGRAM THEORY OF OPERATION

The ground track (course) information from the Doppler radar antenna is

VOL. VI 17-5



compass heading plus or minus the drift angle of the aircraft. The ground
track information represents the actual path of the aircraft over the earth
regardless of aircraft heading, The aircraft illustrated is crabbing (heading)
slightly into the wind to compensate for drift,

FLIGHT PATH

—§- GROUND TRACK

T COMPASS HEADING
WIND

If the aircraft is not crabbed to compensate for wind, it will be blown off course
at the drift angle. Drift angle is therefore opposite the crab angle.

GROUND TRACK ANGLE

0
DRIFT ANGLE {ExaMpPLE 20

LEFT DRIFT)
- — HEAD ING

The radar ground track information representing the actual path of the aircraft

is a 400 Hz 3 wire synchro signal. The track angle error loop diagram will

show that the actual ground track is compared with the desired track the navigator
manually selects at the control panel. The resultant signal from the Differential
Generator (DG) is 3 wire, 400 Hz, representing the off course difference between
the actual track and the selected track. Difference between the two is called

17-6 VOL. VI
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Track Angle Error (TAE). TAE will adjust the computer for proper control

panel readings for any difference (TAE) in actual course (track) and selected
course (track).

The TAE signal positions a servo in the computer. The TAE servo motor shaft
positions a sine-cosine potentiometer in the resolver circuits. The sine-cosine
potentiometer effectively multiplies the Doppler ground speed signal by the sine
(cross track) and cosine (along track distance to go) of the TAE. When the air-
craft is on course TAE is zero degrees. The ground speed signal will be
multiplied by 0 (sine) and 1 (cosine). Ground speed information will drive the
selected stage distance to go counter at the rate determined by the cosine ground
speed. No cross track counting will occur. When the aircraft is not on course,
TAE will occur multiplying the ground speed signal to the distance to go circuits
by a cosine less than 1 slowing the distance to go countdown.

Cross track (LEFT or RIGHT) will occur at a rate determined by off course
flight (TAE) because the ground speed to the cross track circuits is multiplied
by a sine more than O. If the aircraft course is to the right of the desired
course (clockwise TAE) RIGHT CROSS TRACK counting will occur. If the TAE
is counterclockwise LEFT GROSS TRACK counting will occur.

Since TAE results from off course conditions the TAE illustration shows the
conirol panel counting for four TAE angles. At intermediate angles the ground

speed must be multiplied by the sine and cosine of the TAE to determine rate of
counting.

The radar ground speed square wave audio signal is converted to pulses which
are coupled to sine and cosine gated amplifiers. The turn on {gated) times for
these amplifiers are determined by the sine-cosine potentiometer. There is an
exact number of pulses for each nautical mile the aircraft travels. At 0 or 180
degrees TAE (cosine = 1, sine = 0) the cosine amplifier is turned on passing the
pulses to the along track binary counters. The number of pulses per mile is
divided by the counters and produce one pulse output to the control panel distance-

to-go solenoid indicator for each mile traveled in "NAV'" mode and for each tenth
mile traveled in "DROP'" mode.

Since the sine is 0, the crosstrack binary counters receive no pulses and no
cross track counting occurs. At 90 or 270 degrees TAE (cosine = 0, sine = 1)

the sine amplifier is "ON," passing the pulses to the cross track binary counters
which produce one pulse output to the control panel CROSS TRACK solenocid
indicator for each tenth mile traveled in "NAV" mode and for each hundredth

mile traveled in "DROP'" mode. TAE shaft driven cam switches select the proper

solenoid in the CROSS TRACK and DISTANCE TO GO indicators on the control
panels.

17-8 VOL. VI



TAE 0%= ACTUAL TRACK SAME
AS SELECTED TRACK

0
i i

CROSS TRACK
NO COUNTING

]
DISTANCE TOIGO DECREASING
MAX IMUM COUNTDOWN SPEED

DISTANCE TO GO DISTANCE TO GO

NO COUNTING NGO COUNTING

270° g0°
CROSS TRACK CROSS TRACK
MAXIMUM LEFT COUNT MAXIMUM RIGHT COUNT
SPEED INCREASING SPEED INCREAS ING

DISTANCE TO GO INCREASING
MAX IMUM COUNT UP SPEED
A
CROSS TRACK
NO COUNTING

180°

At 0 to 90 degrees TAE the RIGHT cross track and decrease distance-to-go
solenoids are selected. At 90 to 180 degrees TAE the RIGHT cross track and
increase distance~to-go solenoids in the control panel are selected. At 180

to 270 degrees the LEFT and increase solenoids are selected. At 270 to 360
degrees the LEFT and decrease solenoids are selected. The choice of STAGE
I or STAGE II groups of solenoids are selected at the control panel by switch C.

DETAILED ANALYSIS OF RESOLVER OPERATION

The ground speed frequency from the APN-147 passes through a computer start
relay that is energized at lift-off. The ground speed audio frequency square

wave is converted into pulses by the Schmitt trigger circuit. Pulse width is
constant throughout the range of the Doppler frequencies. In order for the ground
speed signal to be resolved into distance to go, a time base (clock) must be used.
The clock will turn the computer counting on and off 16 times per second. An

VOL. VI : 17-9
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A-C bridge is used as a clock . -50v
reference. As shown on the
Resolver Clock Waveforms
diagram, a 50~volt, D-C
switched level is removed from
the bridge. Terminal E-1 is

exponentially decreasing to zero £
volts while E-2 is exponentially oV
increasing to a negative 50 volts. -V

At some point in time the two
voltages will coincide. A PNP
clock multiar detects this
coincident point and starts to SIMPLIFIED CLOCEK
oscillate. A multiar is basically A-C BRIDGE

a blocking oscillator whose firing

point is determined by comparing

two input voltages, one increasing and one decreasing at an exponential rate,
The oscillation is used to operate a flip-flop which then operates a high voltage
switch to reapply the minus 50-volt level. The capacitors in the bridge then are
driven towards minus 50 volts. At some point in time as E-1 increases (nega-
tively), it will coincide with a minus 31, 5-volt reference (E3). An NPN clock
multiar detects this coincident point and starts to oscillate, returning the
flip-flop and high voltage switch to the initial condition. This process continues,
generating a 16 Hz square wave clock on pulse at each cycle. The clock on half
of this square wave is the active time for the computer,

Using the clock as a time reference the resolver will produce a fixed delay gate
a variable cosine gate, and inversely variable sine gate. The delay gate
momentarily turns off the delay gated amplifier at the beginning of each clock
on time to assure that the Doppler ground speed pulses reach both the cosine
and sine gated amplifiers simultaneously.

3

As the high voltage switch applies voltage to the A-C bridge (clock on), E-1
decreases and E-2 increases. E-1 decreases toward 0 volts exponentially from
the minus 31, 5-volt reference. When E-1 reaches minus 30 volts, the delay
multiar oscillates, triggering the delay flip~flop ending the delay gate, allowing
the delay gated amplifier to pass the ground speed pulses to the cosine and sine
gated amplifiers.

The function of the sine-cosine resolver is to resolve track angle error into its
sine and cosine components.

Each clock on time enables the start of the sine and cosine gates. As E-1

decreases toward 0 volts, it will reach a variable amplitude portion of E2,
which is picked off by the sine arm of the sine-cosine potentiometer whose

VOL. VI 17-11
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shaft is positioned by the track angle error servo. The coincidence of E1 and
E2 fires the sine multiar which triggers the sine flip-flop ending the sine gate.
The voltage E1 decreases further,meeting another variable amplitude portion
of E2 picked off by the cosine arm. The cosine multiar oscillates at the
coincidence of E1 and E2 triggering the cosine flip~flop ending the cosine gate.
A still further decrease of E1 permits the clock multiar to oscillate,triggering
the clock flip-flop ending the clock on time.

The number of ground speed pulses that pass to the binary counters is controlled
by the time length of the sine and cosine gates. At 20.66 Hz from the radar with
a ground speed of one nautical mile per hour (knot) there are 74,376 ground
speed pulses from the pulse shaping circuits. Since the maximum on time of
the cosine and sine gated amplifiers is less than clock on (50 percent of time)
only 40. 33 percent (30,000) of the pulses are passed to the binary dividers.

When the Doppler radar set control is in "SEA" mode the Doppler ground speed
signal is 20.48 Hz/knot, Radar "SEA" mode activates a sea mode relay in the
computer changing the clock reference voltage from minus 50 to minus 50.9
volts, DC, increasing the sine and cosine gate lengths allowing more pulses to
pass to the binaries,thus compensating for lower ground speed signal. All other
radar mode switching will change the binary counting.

DETAILED ANALYSIS OF DISTANCE COUNTING

The 30,000 pulses per mile traveled along track must be reduced (divided) to

one (1) pulse per mile {(computer "NAV" mode) to actuate the DISTANCE-TO-GO
solenoid indicator. The along track binaries divide by 30, 000. The cross-

track binaries divide by 3,000 providing 10 pulses per cross track mile traveled
actuating the cross track solenoid. In computer "DROP" mode the along track
binaries, dividing by 3,000, produce 10 pulses per mile traveled while the cross-
track binaries, dividing by 300, produce 100 pulses for each crosstrack mile
traveled.

In radar “"Smooth Sea' mode the binary division is changed as follows:

10,000 =~ along track -~ computer "NAV" mode
1,000 -~ crosstrack - computer "NAV'" mode
1,000 - alongtrack - computer "DROP'" mode
100 -~ cross track - computer "DROP" mode
This change in division compensates for the low ground speed signal produced

by the radar in Smooth Sea. The control panel indicators remain normal as
determined by the computer "NAV-DROP" mode.

VOL. VI 17-15



The changes in binary division are accomplished by relays. The relays are
controlled by Smooth Sea or not Smooth Sea radar modes and by "NAV-DROP"
computer modes. The relay contacts alter binary divider feedback circuits
changing the binary division.

Since the sine and cosine functions repeat in TAE changes up to 360 degrees, it
is necessary for TAE to position cam operated switches to select the proper
indicator solenoids. As mentioned earlier, there are four combinations of
solenoid selections.

TAE Distance-to-go Solenoid | Crosstrack Solenoid
0 to 90 degrees Decrease RIGHT
90 to 180 degrees Increase RIGHT
180 to 270 degrees ’ Increase LEFT
270 to 360 degrees Decrease LEFT

It can be seen from the overall block diagram that TAE is fed by a synchro
transmitter to the autopilot and flight director system. The distance to go is
also transmitted to the flight director. The cross track gear boxes in both
control panels mechanically drive potentiometers providing the flight director
with plus or minus D-C deviation voltage and the autopilot with reversable
phase, A-C deviation voltage.
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j volume v1 chapter g

NAVIGATIONAL COMPUTER SET

GENERAL

The ASN-24 is a general purpose, airborne, serial digital computer used to
provide automatic solutions to aircraft navigation problems. Inputs inserted
manually and from associated navigational sensors (TACAN, LORAN, etc.)
are used to provide a continuous present position indication. Great circle
range and bearing to a primary destination or to any of five intermediate or
alternate destinations are available for readout by the navigator and for auto-
pilot command. Control indicators provide for readouts of wind, ground
speed, track, cross track, and along track distance, true heading and celes-
tial parameters.

Track angle error, cross track deviation and distance to go are also provi-
ded as outputs for pilot's displays and autopilot guidance. Distance-to-go

information is also supplied to the vertical navigation systems.

AIRCRAFT INSTALLATION

Eleven components of the ASN-24 navigational computer are installed as
follows:

Part No.

Name Installation
CP-641/ASN-24 Computer Left Hand Avionics Rack

PP-3214/ASN-24
C-3961

Power Supply
Control Indicator

Left Hand Avionics Rack
Navigator's Inst. Panel

C-3962 Control Indicator Navigator's Inst. Panel
C-3963 Control Indicator Navigator's Inst. Panel
C-3964 Control Indicator Navigator's Inst. Panel
C-3965 Control Indicator Navigator's Inst. Panel
C-6214 Control Indicator Navigator's Inst. Panel
C-6213 Control Indicator Navigator's Inst. Panel
Switch, Ground Test Navigator's Inst. Panel

Control Input Selec. Navigator's Inst. Panel
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CONVERTER CHASS1S - POWER SUPPLY PP3214

ASN-24 COMPUTER AND
POWER SUPPLY

Power required for system operation is supplied from the main avionics bus No.
1 (115 volts, AC, 400 Hz), navigation bus No. 1 (26 volts, AC, 400 Hz), and the
malin avionics bus No. 1 (28 volts, DC). Circuit breakers for the system are on
the avionics circuit breaker panel at the navigator's station.
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SYSTEM OPERATION

The navigational computer operates in five different modes and controls the air-
drop operation. The mode selected is dependent upon navigational requirements,
operators settings, and operational status of associated equipment. Inputs to the
computer system include:

SENSOR INFORMATION

TACAN No. 1 Bearing and range of TACAN
stations. TACAN validity.

LORAN C Time delay of Slave A and B.
LORAN validity.

Search Radar Ground range and azimuth of
selected Radar target: Radar
transfer information.

Central Air Data Computer True airspeed, mach number
and pressure altitude.

Gyro Compass _ Heading (gyro or magnetic)
' and heading validity.

Doppler Radar Ground speed and drift angle.
Validity and system mode
(land, sea, or smooth sea)
operation.

Outputs from the computer include the visual readouts on navigator's and pilot's
navigational indicators, autopilot steering signals and distance-to-go to the
vertical navigation computer.

DEAD-RECKONING MODE

In dead-reckoning (DR) the computer set utilizes the best available combinations
of magunetic and directional gyro inputs. A true heading is derived from the
magnetic~heading input by applying corrections for magnetic variation. True
heading is also obtained from the directional-gyro input corrected by an offset
angle and continuocusly corrected for the earth's rate and the earth's transport-
precession effects. Wind information is computed from the Doppler Radar input.
In the event of invalid Doppler Radar information, DR continues using the CADC
true airspeed and the last remembered wind or manually inserted wind.
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TACAN MODE

The TACAN (Tactical air navigation) mode provides an automatic computation of
present position using TACAN range and bearing data. The resulting positions

fix is used to correct the present position determined by dead-reckoning. The
TACAN bearing received by the computer set is corrected for magnetic variations.
The TACAN slant range is converted to ground range using aircraft altitude and
TACAN station altitude. TACAN station altitude is manually set in by the operator.
TACAN computations are automatically interrupted if the aircraft enters the cone
of confusion. When "TACAN" information is selected to update dead~reckoning
information, a credibility test is applied to validate it. If the credibility test is
passed, a weighing factor is applied and the present position is automatically
corrected.

RADAR MODE

The geographical coordinates of a selected radar target are set into the computer
when operating in the "RADAR" mode. The distance and azimuth of the target are
selected by converging crosshair-type markers upon the target in the APN-59B
search radar presentation. The exact geographical coordinates of the target are
set info the computer prior to insertions of the radar fix. A credibility test is
applied to the fix information from the APN-59 and if it is valid the fix information
is used to update the dead-reckoning position.

LORAN MODE

The computation of a navigational fix, using the LORAN receiver, is accomplished
in the "LORAN' mode of operation. Geographical positions for the LORAN C
master ground station and slave A and B are manually inserted by the operator.
The LORAN position is computed and compared with the dead-reckoning position.
It the LORAN fix is within the credibility limits, then a series of corrections are
made to the dead-reckoning computations. Radio propagation and earth's spher-
oidal shape correction values are applied to the computed great circle range of
each LORAN transmitter.

ASTRO MODE
Provisions are made in the computer to control and accept star data from an ex~
ternal Astro-Tracker. Celestial data may also be manually inserted into the

computer. Presently the Astro~Tracker is not installed in the Star Lifter.

AIRDROP FUNCTION

In the airdrop submode the computer provides a high-precision, continually up-
dated, Computed Air Release Point (CARP) and steering information for guiding
the aircraft to that CARP. Information stored by the navigator include the
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geographical coordinates of the Initial Point (IP), parachute ballistics and coor-
dinates of the drop zone.

COMPUTER SET INPUTS

Inputs and outputs of the navigational computer set are shown in the simplified
Data Flow Diagram. Inputs to the set are as follows:

Central Air Data Computers No's. 1 and 2
Gyro-Magnetic Compasses No's. 1 and 2
APN-147 Doppler Radar System

APN-157 LORAN

APN=-59 Search Radar

ARN=-21C TACAN No. 1

In addition to the navigational sensor inputs listed, many parameters may be in-
serted manually. Manual inputs will be discussed with the appropriate control
indicator.

Outputs of the computer are displayed on the control indicators. In addition to
these indications the following signals are furnished for pilot's indicators, auto-
pilot guidance, and the vertical navigation system:

Track Angle Error

Cross Track Deviation

HSI Distance

Distance-to-go to the Vertical Navigation Computer

¢ @ @ @

CONTROL INDICATORS OPERATION

COMPUTER CONTROL C~3961
This control is used to energize the computer and to establish the operational
mode. It is also used to indicate the validity of a fix and the operational status
of associated navigational equipment. The operational mode is selected by the
MODE switch. The positions of the switch are:

"OFF" - Computer deenergized.

"STBY" - Computer on standby basis.

No updating of dead-reckoning position but information may
be inserted into the computer.

VOL. VI 18-7
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"DR" - Computer is operational and dead-reckoning is updated
according to heading, ground speed, and drift information.

"ASTRO" - Provisions for updating of dead-reckoning information by an
external Astro-Tracker (not installed at present).

"TACAN'" - Dead-reckoning navigation is updated by range and azimuth
information from a TACAN station. The geographical
coordinates of the TACAN station must be inserted by the
operator.

®

"RADAR'" - Dead-reckoning information is updated by fixes made by the
APN-59 Radar system. Insertion controls are part of the
APN-59 Radar system. The operator must manually store
the coordinates of the Radar target prior to updating the
dead~reckoning position.

"LORAN" - DPosition fixes of the APN-157 are used to update the dead-
reckoning position. Coordinates of the LORAN master and
slave stations must be inserted by the operator.

It may be noted that the LORAN and TACAN positions provide continuous updating.
The Radar position is a "one-time'" update but may be repeated each time the
operator places the APN-59 cross hairs upon the selected target and depresses
the coordinate insertion button on the APN-59 precision marker control panel.

The CMPTR READY indicator signifies, when lit, that the computer has finished
its warmup period and is ready to operate. The CMPTR FAIL indicator, when
illuminated, shows that the computer has failed to correctly solve an internal
test problem. The RESET button is used to reset the CMPTR FAIL circuit. In
the event of continued failure of the computer to solve the self-check test the
CMPTR FAIL indicator will re~light. The AUTO~-FIX-REJECT indicator will
illuminate when the computer determines that the fix being used to update dead-
reckoning position is not credible. The credibility test is a 30-nautical-mile
limit on the acceptable difference between dead-reckoned present positions and
the position determined by the latest selected fix. If the distance is greater than
30 miles, the AUTO-FIX-REJECT indicator will illuminate and the fix is rejected
by the computer unless it is stored manually by the operator. Manual storage is
used when it is determined that the computer dead-reckoning position is not cor=-
rect. The AUTO-FIX~-CHECK~NORM switch allows the inspection of a fix before
inserting into the computer. In the "CHECK!" position, the auto-fix is read out on
the LATITUDE~LONGITUDE control indicator but is not used to update dead-

reckoned present position. In the "NORM" position credible fixes are accepted by
the computer.

VOL. VI 18-9



The COURSE-TO-STEER control consists of two concentric knobs. The outer or
larger knob with the symbol <€ (from) selects the coordinates of the departure or
base point. The smaller or inner knob with the symbol B (to) selects the co-
ordinates of the desired destination. Selections on these knobs will control track
angle error, cross track deviation and distance data utilized by flight instruments
and autopilot.

The TACAN/RADAR selector switch is used to define the longitude, latitude and
altitude of a TACAN station or Radar fix location that the computer will use when
the MODE selector switch is in "TACAN" or "RADAR" position.

The LORAN switch and indicator are used to insert or read out the coordinates
of LORAN master and slave stations. Present usage of the different numerical

position is as follows:

LORAN Selector Position Selects for Storage or Readout

Loran Master
Loran Slave A
Loran Slave B
Initial Point
-12 General fixes

[ VU A

Readouts or insertions are made on the LATITUDE~LONGITUDE control indicator.

The STATION ALT indicator and knob are used to insert the altitude of a radar
fix point or of a TACAN station when the coordinates are being stored into the
computer. The value of altitude is automatically stored with the geographical
coordinates and is used in converting slant range to ground range.

The OPERATING indicators show auxiliary equipment status and are illuminated
under the following conditions:

FLT INSTR -~ Illuminated when ASN-24 is selected to control the
' autopilot and/or the flight instruments.

LORAN -~ IlNuminated when the APN-157 is locked on to a
master station and slave A and/or B. Sky wave
reception will also cause the lamp to extinguish
as well as loss of lock-on.

TACAN -~ Illuminated when TACAN No. 1 is locked on in
range and/or azimuth.
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LATITUDE-LONGITUDE CONTROL INDICATOR C~3962

This control indicator provides the capabilities of storing or reading out latitude
and longitude of selected locations. The LATITUDE and LONGITUDE counters
indicate the coordinates selected by the distination switch. "PRESENT POSITION-
FIX'" coordinates may be selected by the destination switch in lieu of the "D1-D6"
destinations. Each counter has an associated pair of concentric knobs. The outer
knob in each set will determine if the counters are used for readout or insertion

of data.

The inner knob is used to manually slew the counter to the value to be inserted
into the computer. The STORE button initiates storage of the selected values

of latitude and longitude. The STORE indicator will illuminate when storage in-
formation has been accepted by the computer. The STORE button should not be
released until the STORE indicator illuminates. Storage of LORAN fixes is
accomplished with the destination switch in the "FIX'" position. When the LORAN
switch on the COMPUTER CONTROL panel is in No's. "1, 2, 3, or 4", and the
destination switch on the C~3962 control indicator is on "FIX'" the counters will
readout the coordinates of the selected LORAN fix. Storage of LORAN coordinates
is also accomplished with the destination selector on "FIX" and the LORAN switch
on positions "1, 2, 3, or 4". Storage is initiated on the C~6214 initial condition
indicator. When the LORAN selector switch is in positions "5" through "12" and
the destination switch in the "FIX" position the counter readout will be the selected
Radar or TACAN fix. Storage of Radar and TACAN coordinates is accomplished
by placing both destination dials in the C~3962 and C-3961 to the same '"D' number.
Slewing the counters to the appropriate values and depressing the STORE button on
the C-3962 until the store light illuminates. After insertion the value of the coor-
dinates may be checked by returning the counter READ-SET controls to "READ'".

RANGE AND BEARING INDICATOR C-3963

This indicator is used to display range and bearing between points selected on the
destination dial. (There are the same D1 -~ D6 coordinates which were inserted
on the C-3962 and C-3961 control indicators). Wind direction and magnitude and
true ground speed are also selectable readouts.

Range and bearing readouts are available when the range selector switch is in the
"HIGH", "NORM" or "LOW' position. The counter will indicate 0 - 9998 NM,

0 - 999.8 NM, and 99.98 NM respectively for the different positions. Range and
bearing displayed is between the points selected on the concentric destination
dials. The outer destination dial is marked<€ (from). The inner dial is marked
B» (to). Any combination of destinations as previously stored by the computer
control and latitude-longitude control may be displayed. In addition, if the "from"
dial is placed on "PRES POS'" the range and bearing of any of the destinations
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from present positions may be readout. When the selector gwitch is in the "WIND"
position wind speeds of 0 to 1000 KN may be read on the RANGE counter. The wind
direction will be readout on the BEARING counter. Wind values may be manually
stored by moving the outer dials of the counter control knobs to "SET", slewing to
desired values with the inner knobs and depressing the STORE button until the store
lamp lights.

When range and bearing to a destination are known, they can be stored by way of
the RANGE~-BEARING control indicator. Range and bearing between positions se-
lected on the destination selector switch are stored in the same manner as wind
information except RANGE scale selector switch must be in the "HIGH", "NORM",
or "LOW'" position. When this store operation is performed the latitude and lon-
gitude of the destination (to) is automatically computed and stored in the "D" lo-
cation.

The "GS/TR' position of the selector switch allows display of a ground speed and
track on the range and bearing counters. Data cannot be stored manually in the
range bearing control indicator when the selector switch is in the "GS/TR'" po-
sition.

Wind values are normally computed from Doppler Radar information. If Doppler
becomes inoperative or goes to memory the computer uses last known wind values.
The operator can manually insert winds when the Doppler is inactive but valid
Doppler information has priority and will override all previously inserted wind
values. TACAN or LORAN fixes will also provide the computer with sources of
wind information. Correction applied to presently indicated winds will be one-
fourth of difference between wind from fix and last-remembered wind information.
This weighing of data ensures smooth wind correction.

CROSS TRACK ~ ALONG TRACK CONTROL INDICATOR C-3964

This instrument indicates distance to go to the destination selected on the "to"
dial of the destination dial and lateral deviation from the selected course (cross
track). When the NORM~LOW switch is in the "NORM'" position, ALONG TRACK
counter indicates 0 to 1000 NM in .2 NM increments, CROSS TRACK scaling is

0 to 100 NM in 0.02 NM increments. When the switch is in the "LOW'" position,
scales are 0 - 100 NM, 0.02 increments for ALONG TRACK and 0 - 10 NM in
0,002 NM increments for CROSS TRACK.

CELESTIAL DATA CONTROL INDICATOR C-3965

This control indicator is used to set in the '"read' celestial parameters. The
PUSH TO SET button is used to select a particular star for insertion or readout
of data. Storage of data is accomplished in a manner similar to the other control
indicators. The READ-SET ANGLE outer knob is positioned to "SET ANGLE".

18-12 VOL. VI



The counter is slewed to the desired value by the inner knob and the STORE button
is depressed until the store light illuminates. The selector knob allows various
parameters to be stored or read. The available positions are as follows:

"DEC" -~  Read or store declination of celestial body
selected by PUSH TO SET button.

"GHA PLT" -~ Read or store Greenich Hour Angle of
gselected sun or planet.

"GHA T" ~  Store or read the Greenwich Hour Angle
of the first point of Aries.

TALT INT" -  Read altitude intercept, (difference be-
tween the calculated and actual eleva~-
tion angle of the selected celestial body.

"ALTM ~  Elevations cycle of the celestial body.

"AZY - Read true bearing of the celestial body.

"TR HDG" ~  Read aircraft true heading.

MODE CONTROL INDICATOR C-6213

This indicator is used in the air drop mode of operation, "TOM'", "VERT!", "NAVY,
"CRUISE OPR'" and "CRUISE TEST" positions of the selector switch are not presently

used. The "VERT NAV" position should not be confused with the AWLS Vertical
Navigation which is a different system. '

When the mode control selector switch is in the "AIR DROP' position, the com=~
puter is alerted to compute air drop functions. The AIR DROP indicator illumi- ‘
nates when the aircraft has arrived at the CARP and extinguishes when the air-
craft has passed the last effective parachute release point.

The IP button is used to notify the computer that the aircraft is passing over the
Initial Point (IP) and updates the dead-reckoned position to the coordinates of the
IP.

INITIAL CONDITION CONTROL INDICATOR C-6214
The indicator provides for storing and monitoring parameters in the AIR DROP
mode. It can also be used in storing LORAN station coordinate information.

When the HIGH PREC LAT or the HIGH PREC LONG button is depressed and the
READ-SET knob is placed in the appropriate "SET' position (N or S for latitude,

VOL. VI 18-13
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E or W for longitude) high precision coordinates may be installed as IP (LORAN
Station 4), and ""D" number, or LORAN Master and Slave locations (LORAN
Stations 1, 2 and 3). Storage is accomplished by depressing the STORE button
until the store light illuminates. Two slew knobs are provided, one for the DEG -~
MAGNITUDE counter and one for the MIN-SEC counter. When AIR DROP CARP
YD AL TR x 1 button is depressed the DEG-MAGNITUDE counter will display
distance remaining along track between the initial impact point and final impact
point. When the AIR DROP CARP YD CR TR x 1 push button is depressed the
DEC-MAGNITUDE counter will indicate computer cross track distance from
initial impact point and final impact point.

The AIR DROP OPEN DLY x 0.1 and AIR DROP FALL TIME x 0.1 push buttons
permit storage of parachute ballistics into the computer memory. The HEADING
CORR x 0.1 button is depressed when a correction to the ASN-24 true heading is
to be stored for readout. ‘

The GROUND TEST switch is used to bypass the touchdown relay which disables
the ASN~24 when the aircraft is on the ground. In "NORMAL" position the com-
puter will not update dead-reckoning position while the aircraft is on the ground.
However coordinates may be stored. In "TEST'" position the ground disabling
lines are bypassed and tests may be performed upon the computer.

The AN/ASN-24 INPUT selector switch is used to select "CADC 1" or "CADC 2",
and "C-12 COMPASS NO. 1 - NO. 2 - BOTH" as inputs to the computer.

SPECIFICATIONS
ASN-24 NAV COMPUTER SET
CHARACTERISTIC SPECIFICATION
Number of components 9 and 2 switch panels
Total weight 121 lbs.
Type memory Rotating drum
Drum speed 6000 RPM nominal
Drum tracks 70
Words per track 64
Brits per word 25
DC power requirements 145 watts 28 volts, DC
DC power limits 21 to 29 volts, DC
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SPECIFICATIONS (continued)

CHARACTERISTIC

SPECIFICATION

AC power requirements

AC voltage limits

Fuses (converter chassis)

130 VA 26 volis, AC
380 to 420 Hz

410 VA DA

300 VA ©B, 6C

115/200 volts, AC 3 phase
380 to 420 Hz 58 watts

5 volts, AC

26 volts, AC 24.5 - 26.5
volts, AC

115 volts, AC 108.5 - 117.5
volts, AC

5 volts, AC 3 - 6 volts, AC

Fi~-F10 2 amperes
F11 4 amperes
F1z, 13, 15, 16, 17 1.5

Present position longitude

Multiple destinations

W 180 - E 180 de~

amperes
F14 0.25
FUNCTION RANGE ACCURACY
Present pogition latitude N 90 -590 degrees t0.5 percent of

distance traveled
plus 0.3 minute
of arc

to.5 percent of
distance traveled
plus 0.3 minutes
of arc

N 90 - S 90 latitude

+ .
~-0. 2 minute of

storage E 180 - W 180 arc
longitude
Range .
Flat earth 0-100 NM ~0.5 NM
Great circle 100-1, 000 NM Z0.52 NM
1,000 - 10,000 NM Ii.anm
Bearing
Flat earth 0-100 NM £0.2 DEG
18-16
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SPECIFICATIONS (continued)

FUNCTION RANGE ACCURACY
Great circle 100 - 1,000 NM *0.2 DEG
1,000 - 10, 000 NM
+
Along Track distance 0~ 100 NM :;O. 02 NM
100 - 10,000 NM 20.2 NM
Cross Track distance 0-10 NM EO. 002 NM
10 - 100 NM £0.02 NM
TACAN fix 5 - 75 NM ;i"_o.4 NM
75 - 200 NM 20.7 NM
+
Radar fix 0 - 30 NM 0.4 NM
0 - 300 NM 20.4 NM
LORAN fix 0 - 1000 NM (day) 30.25 NM
0 ~ 1500 NM (night) £0.25 NM

BLOCK DIAGRAM THEORY OF OPERATION

The heart of the computer is a small, rotating magnetic drum. Information is
stored in binary form upon the drum. Facilities are provided for temporary
and permanent storage of information. Information is retrieved as needed for
computations and displays.

Read and write heads are spaced to provide 70 tracks on the storage drum.

1600 slots are scribed vertically and equally spaced around the drum circum-
ference. The 1600 slots thus formed are filled with magnetic material and acts
as 112, 000 miniature magnets (70 tracks x 1600 lines). Write heads are used

to provide a source of magnetization of the individual magnets (bits). The di-
rection of magnetization, NM or SM indicates a 1 or 0. When the magnetic drum
is rotated past a read head the polarity of the magnetization is sensed and a sig-
nal corresponding to a 1 or 0 is produced. Since the drum is rotated past the
read and write heads at a 6000 RPM rate, storage and retrieval is accomplished
at a rapid rate.

The 70 available tracks are used for various purposes, while 60 tracks are used
for permanent storage of information. Temporary storage of data such as a sum
or product which is needed for a larger scale problem solution is provided by 4
tracks.

The 2 sigmator (summation integrator) tracks are used to store incremental pulse
accumulation, real time accumulations, integration, exterpolation, etc.
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INCHES

B0 TRACKS
PERMANENTﬁ
STORAGE

4 TRACKS
TEMPORARY
STORAGE

L
{:

3.5 INCHES

TRACKS

REGISTOR
TRACK
SECTOR~ADDRESS
TRACK

CLOCK TRACK

BITS
25 PER WORD :
1600 PER TRACK

DETAIL OF INDIVIDUAL TRACK

MEMORY DRUM
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Drum register tracks are used to hold words being manipulated as either operands
or instructions. (An operand is any one of the quantities entering into or arising
from an argument, a result, a parameter, etc.).

The Sector-Address tracks primary purpose is to define each of the 64 sectors,
or words around the drum. (25 bits per word x 64 words = 1600 bits per track.)
The sector-address track is also used as a synchronizing device in determining
individual bit location within a word.

The Clock track supplies timing pulses required by the computer. By synchro-
nizing computer circuits to the clock pulses, slight variations in drum speed will
not adversely affect operation. The clock track is pre-recorded with all of its
1600 bits magnetized in the same direction. Fach bit then will initiate a pulse
which is in synchronization with that particular bitf in the other 69 tracks.

Outputs from the 66 storage tracks (permanent, temporary and sigmator) are

controlled by the Register, Sector~Address and Clock tracks. Read heads pro-
vide a continual output to a matrix which is controlled by the remaining tracks.
Since readout is accomplished by one Flip Flop (FF), it is readily apparent that

MATRIX b

READ HEADS READ
{72} ouT

STORAGE

WRITE
HEADS

ORDERS J

AATRE AR

-

MATR I X
CONT

) ol

SIMPLIFVTED MEMORY READOUT

one portion of one track can be read at one time. The anomaly of 72 read heads
on 66 tracks is explained by the fact that some tracks have more than one read
head. Multiple head on a single track allow recirculation of data to that track.

Information is inserted into the drum by write heads which furnish a magnetomotive
force of approximately 15 ampere~turns to the drum bit which is located 0. 001 of
an inch from the write head. The applied force is sufficient to saturate the bit
magnetically. South-north polarization of the bit represents a zero. Polarity of
the magnetization of the bit depends on the direction of current flow in the write
head. AIl bit information may be erased by writing new information over the old.
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Much of the information used by the computer is of analog type. An input-output
unit (which is part of converter chassis ~ power supply PP-3214) is used to trans-
late the input analog signals to binary digital form for the computer. Reconver=-
sion of the binary signals going from the computer to analog form is also accom-
plished in this unit. A typical example of this conversion is the changing of an

input synchro signal such as the C~12 compass output to digital form for use of
the computer.
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volume vi chapter 19

LOW-RANGE RADAR ALTIMETER

GENERAL

The radar altimeter used on the StarLifter is a low-level altitude tracking
and indicating radar. It instantaneously senses absolute altitude above the
terrain within the range of =10 to 2,500 feet. Radar altimeter operations
are not affected by atmospheric or barometric conditions. The altimeter
is interconnected with other aircraft systems such as the All Weather
Landing System (AW LS).

400FT TERRAIN 800FT TERRAIN 1,200FT TERRAIN
CLEARANCE CLEARANCE CLEARANCE

A

AIRCRAFT ATI5,000FT BAROMETRIC ALTITUDE

RADAR ALTITUDE
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SEA LEVEL PULSE PULSE

4,200¢F7
ABOVE
SEA LEVEL
o ORI
3,800FT
ABOVE

,, SE

8

A LEVEL
S
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AIRCRAFT INSTALLATION

The radar altimeter system consists of a receiver-transmitter unit, an indicator,
and two antennas. The following diagram shows component locations and general

cabling of the system.
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SYSTEM OPERATION

All controls necessary for operating the altimeter are located on the indicator.

ALT TRIP SET
INDEX BUG

O

—— ALT TRIP SET
X 1000 WiNDOW
(TURNS COUNTER)

©

ALT X 1000 —]
W INDOW
(TURNS COUNTER)

FLAG
FOR TEST
OR FAIL

~ MASK FOR PWR OFF
OR OVER 2,500rFT

®

RADAR ALTIMETER IINDICATOR
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They are; an ON-OFF/PRESS-TO-TEST switch and an ALT-SET knob. When
the ON-OFF switch A is placed in the "OFF' position, the fail flag @ will
appear and the indicator pointer @ will drive to 2,500 feet where a mask
appears and covers the pointer. The system is de-activated only after the mask
has appeared. The ON-OFF switch is also used to self-test the altimeter by
pressing in on the knob. The indicator shows a 40 foot altitude in self~test.

The ALT-SET knob is used to preset a Minimum Desired Altitude (MDA).
When the aircraft descends below the preset altitude an MDA signal is produced
and sent to the pilot's and copilot's MDA lights and to the Ver Nav system. The
ALT-SET index bug @ , located on the outer periphery of the dial scale, can be
set to any altitude between 0 and 2,500 feet with the ALT-SET knob. The ALT-
SET turns counter @ is used in conjunction with the index bug to indicate the
altitude at which the MDA is set. The turns counter consists of a disc segment
carrying digits 2, 1, and a "blank'. When the index bug is set below 1,000 feet,
the turns counter shows the "blank". No. 1 is in view when the index bug is set
between 1,000 and 2,000 feet. No. 2 is shown when the index bug is set above
2,000 feet.

A flag alarm @ provides an indication of altimeter failure. It is also displayed
during self~test operation. The mask @ on the indicator is springloaded to the
out-of-view position. It is held in view to obscure the pointer and altitude window
when the system has been turned off and primary power is still available, or
when the altimeter is operating above 2,500 feet. The mask is removed from
view and the flag alarm is in view when the system is in self~test operation.

The indicator displays absolute altitude by using a servo driven pointer and a
turns counter. The pointer @ indicates in hundreds of feet and the turns

counter @ indicates in thousands of feet. The scale of the indicator is grad-
uated in 20 foot increments.
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SPECIFICATIONS

MINNEAPOLIS HONEYWELL HG9025B~1

CHARACTERISTIC

SPECIFICATION

Power requirements
Altitude range
Altitude accuracy

TRANSMITTER

Carrier frequency
Peak output power
Pulse width
0-500 ft,
500~2, 500 ft.
Pulse repetition frequency

RECEIVER

Receiver frequency
Local oscillator frequency
Bandwidth
0-500 ft,
500-2,500 ft,
Track rate (maximum)

INDICATOR

Track rate (maximum)

115 volts, AC, 400 Hz, 1§
-10 feet to +2, 500 feet

t 2 ft/s or £ 2 percent of
altitude

4,300 MHz
100 w

3510 ns
125 £ 95 ng
10K pulses/sec

4,300 MHz
4,300 MHz

30 MHz

10 MHz
2,000 ft/sec

600 ft/sec

BLOCK DIAGRAM THEORY OF OPERATION

The Low Range Radar Altimeter is a high resolution pulse radar operating at
4,300 MHz. Its purpose is to automatically locate the closest terrain returns,
It also has the ability to precisely track the rate of altitude change (terrain
irregularities or changes in actual aircraft altitude).
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The operation of the radar altimeter is based on the precise measurement of the
time required for an RF energy pulse to travel from the aircraft to the nearest
ground and to return. The arrival time of the received pulse is compared with
its transmitted time. The time differential is processed in the tracking circuits
to provide range (altitude) information. The Receiver-Transmitter (RT) unit is
the main component of the system. All electronic circuits are contained in this
unit with the exception-of the indicator servo system.

The RT unit is divided into three sections; the Transmitter, the Receiver, and
the Tracker.

TRANSMITTER

The transmitter section consists of a transmitter oscillator and a modulator
(PRF generator). The modulator is a free running multivibrator operating at

10 KHz. Each pulse from the modulator triggers the transmitter oscillator which
emits a short RF pulse with a carrier frequency of 4,300 MHz. The RF pulse is
sent to the transmitter antenna. A portion of the transmitted pulse is detected
and fed to the tracking section to start the timing circuits. This signal is called
the "time reference' (Tg) pulse.

RECEIVER

When the RF pulse emitted by the transmitter antenna reaches the ground, it is
partially reflected back to the aircraft where it is picked up by the receiving
antenna and applied to the receiver. The receiver section consists of a balanced
mixer, a local oscillator, and an IF amplifier circuit. The type of receiver used
in the altimeter is a "'zero IF'" superhetrodyne receiver. In this type system,
the receiver local oscillator is operated at approximately the same frequency as
the transmitter. Both the transmitter and the local oscillator are of the same
basic design, using planar triodes. They inherently have identical frequency
tracking characteristics and require no Automatic Frequency Control (AFC)
circuit. The local oscillator signal is mixed with the received RF signal (echo
pulse) in the balanced mixer. The output is bipolar (A-C) pulses similar to
video. The IF amplifier is then, for all practical purposes, a video amplifier.
The bipolar pulses are amplified and detected to an unipolar (single direction or
D-C) pulse. The detected video pulses are then sent to the tracking circuits
‘where they will be used to measure altitude.

TRACKER

The function of the tracker is to produce a voltage proportional to the time between
the leading edges of the transmitted pulse and the echo pulse. The tracker consists
of a video amplifier, tracking circuits, AGC circuits, and logic circuits. The
tracking circuit is a ''leading edge' tracker.

VOL. VI 19-7



CURRENRT

The circuit is designed so that the current (le) is proportional to the overlap of the
leading edges of the tracking gate and the ground return. Further, the circuit is

NOTE:
INTERNAL RANGE VOLTAGE (ER)
IS PROPORT IONAL TO ELAPSED
Time (T1)

DETECTED QGROURD
TRACKING GATE RETURN Si@WAL

MAIN BANG

AREA OF OVERLAP

lﬂ (vy)
Y0 (Er)
TRACKING GATE - S I GHR AL RELATIONSHILIP

designed to sense this current and use it to position the tracking gate on the lead-
ing edge of the ground return pulse as it moves back and forth with changes mn al-
titude. Thus, it is the function of the tracking loop to move the track gate at
whatever rate necessary to keep it in coincidence with the leading edge of the
ground return pulse. The elapsed time (T1)from the transmission of a pulse
until it returns from the ground is thus measured and presented as an analog
voltage (E;). A radar range measurement is sent to the indicator to drive the
altitude poianter.

MODES OF OPERATION
The altimeter has four different modes of operation:
@ Tracking Mode
e Search Mode
@ Confidence Check Mode (Self Test)
® Failure Monitor Mode
The different modes of operation pertain mainly to the tracker circuits.

TRACKING MODE

When the altimeter is operating in the tracking: mode, its output represents the
actual distance downward to the nearest object as a function of time. The fol-
lowing block diagram shows the circuits that are operational in the tracking
mode.

19-8 VOL. VI
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ANTENNA

RECEIVER /Vl’to PULSE Y
%" | F <\ [raacx aate ﬂ RATE
13 S I
MIXER (i | VIDE AMPLIF I ER INT
LOCAL OATE \\ RANGE
osc — e TRACK ING INT
GATE
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— g 0 . s L | COMPARATOR |- 4
AMP L GEN
TO RANGE
A TO PULSE COMPUTER

TX 0SC PRF
t———
4.3 GHz 10 KMz
X
ANTENNA

SIMPLIFIED BLOCK DIAGRAM-TRACK MODE

As stated before, each time the transmitter is triggered by the modulator, a time
reference pulse (T,) is applied to the T, amplifier. The T, pulse triggers a saw-
tooth generator which supplies a calibrated linear voltage ramp. The instantaneous
voltage of this precision ramp is directly proportional to the elapsed time since
To. The sawtooth voltage is fed to a voltage comparator circuit where it is com-~ ‘
pared to the internal range voltage (E,.). At the instant of time when the sawtooth
voltage equals E., the comparator applies a short pulse to the gate generator cir-
cuit. At this time, the tracking gate is generated by the gate generator circuit.

When the RF pulse emitted by the transmitter at T, reaches the ground, it is
partially reflected back to the receiving antenna. The antenna feeds the echo
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pulse into the receiver where it is amplified, detected, and presented to the Track

Gate Amplifier (TGA) as a video signal.

I
M"’ TRANSMITTER PULSE
}
|
/:\ To PuLse

RECISION RAMP
{sawroorn aen)

I
/ INTERMAL RANGE VOLTS Er
‘l [\ COMPARATOR OUTPUY
F

|
! | | vrack cave
i
|

(r)
ﬂ VIDEO PULSE

TRACKING GATE GENERATION

The TGA functions as an AND gate. The time coincidence between the video
signal and the tracking gate allows the video signal to pass as a current pulse to
the rate integrator. Since Ey determines the sawtooth level at the time of com-
parison, and since the time position of the video signal is a direct function of the
distance to the ground, coincidence of the video and tracking gate at the TGA
means that Ep is proportional to range. It is important to note that since this is
a "'leading edge'' tracker, Ey represents the shortest range to ground. ‘The TGA
produces a current into the rate integrator porportional to the overlapped area
of the video pulse and the gate. A reference input equal to the average overlap
curreunt will hold the gate positioned on the leading edge of the video pulse. The
leading edge is composed of the earliest ground return.
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SEARCH MODE

If the return signal falls below a minimum level required to maintain the track
point current to the rate integrator, the video pulse and the tracking gate will
separate and the tracker "loses track'. Tracking can only be re-established when
the tracking gate overlaps acceptable video. Therefore, it is necessary to pro-
vide a means to establish this condition. That is the purpose of the search

mode. The tracking gate is caused to "sweep' from minimum to maximum range
until it intercepts a video signal. If the video signal is acceptable, the tracking
gate will lock on it. Thus tracking is re-established.

The simplified block diagram on page 12 shows the circuits tnat are operational in
the search mode,

The following additional blocks are used in this mode of operation:

Tracking AGC (TAGC) Gate Amplifier
TAGC Integrator

0.2 Second Hold Circuit

Search Generator

& & @ @

The TAGC Gate Amplifier is similar to the tracking gate amplifier. It is an AND
gate for the video signal and the TAGC gate from the gate generator. Its output
is proportional to the video and gate overlap. An important difference is that the
TAGC gate is about twice as wide as the tracking gate. The leading edge of the
two gates are in time coincidence. The output of the TAGC gate amplifier is
applied to the TAGC integrator.

The TAGC Integrator integrates negative pulses from the TAGC gate amplifier.
Amplitude of the pulses is equal to the TAGC gate and the video overlap current.
These pulses occur at the PRF rate. Pulses are integrated in the TAGC inte-

grator to establish a threshold voltage (Ep). For normally good video, about 20
pulses per second will maintain Eg at the tracking threshold. If a loss of video
occurs, the integrator will maintain E, for approximately 2 milliseconds (ms).

The 0.2 Second Hold Circuit is an additional delay time of 200 ms to the decay
time of the TAGC integrator. Together they will allow a short term loss of video
(200 ms) to pass without losing track. If a signal fade lasts for more than 200
ms, the 0.2 second hold will trip and turn on the search generator. A signal is
also sent to the rate integrator to clamp the output to zero. This prevents E,
from changing during the 0.2 second hold period.

The Search Generator is a controlled multivibrator governed by the 0.2 second

hold circuit. If the 0.2 second hold trips, the search generator supplies input
current to the range integrator which causes E, to sweep back and forth from

VOL. VI 19-11
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minimum range to maximum range. This search cycle continues until it is
stopped by the 0.2 second hold circuit. In addition, the search generator pro-
vides an inhibit signal to the 0.2 second hold during inbound sweeps. The 0.2
second hold can only stop the search generator on outbound sweeps. The
following diagram will clarify the sequence of events during search and acqui~
gition of the video target.

Refer to the numbers at the top of the Search and Aquisition Waveforms illus~
tration for the sequence of events.

1.  Loss of video. The current drive from the track gate amplifier to the
rate integrator vanishes. The TAGC integrator logses its drive and
discharges. The 0.2 second hold initiates its hold cycle.

2. After 200 milliseconds, the search generator is activated driving Ey
to minimum altitude.

3. The drive to the range integrator is reversed and E, starts toward
2,500 feet.

4. The upper limit reverses E,. and inhibits the 0.2 second hold.
5. Repeat of search cycle.

6. Reversal of E. occurs. Video is regained. The gates overlap but
because the 0.2 second hold is inhibited lock on will not occur.

7. Ey reverses again and sweeps outward.

8. Assuming that the actual range remains constant during the loss of
video, the gates overlap again, the TAGC integrator charges, reset-
ting the 0.2 second hold, stopping the search generator. The tracking
loop is now closed and the altimeter is again in the tracking mode.
The above search cycle occurs at approximately a 3 Hz rate.

CONFIDENCE CHECK MODE

The confidence check (self-test) mode is designed and built into the system to
provide a quick comprehensive test of system operation. The following block
diagram shows the circuits used in this mode of operation. Two additional

circuits used are the confidence check PRF generator, and the confidence check
level set.

When the Confidence Check (CC) command is given; the transmitter is disabled,

a flag alarm signal is given, the sawtooth level is set, and the CC~PRF genera-
tor is enabled. The CC-PRF generator applies the T, pulse to the Ty amplifier

VOL. VI 19-13
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and a confidence test pulse to the mixer. The test pulse acts as a gate to open
the mixer. This allows a portion of the Local Oscillator (LO) energy through to
the IF amplifier where it is amplified, detected, and presented as a synthetic
video target to the video amplifier.

Disabling the transmitter eliminates the normal video from the TGA input and

the ‘tracker goes into the search mode. The synthetic video is passed to the

gate amplifiers and the loop will search until E,. corresponds to the test altitude. S
The tracker will then acquire and track the synthetic video pulse. The amplitude

of the pulse fed to the mixer is set to a minimum level for reliable track. Thus,

the CC mode also checks the system sensitivity.

FAILURE MONITOR MODE/BUILT IN TEST EQUIPMENT (BITE)

The failure monitor mode is used to detect failures in the track and search loops
and in the output circuits.

In the normal track condition, the two range output signals and the internal range
voltage (E,) are continually compared to verify the accuracy of the output circuits.
If either of these differ from each other by a voltage equivalent to 15 feet or more,
a signal is sent to the alarm generator and a failure indication is provided. The
track loop monitor is activated at any time that the tracking loop cannot maintain
a reliable track condition for more than 0.2 second (time period of 0.2 second
hkold).

When the 0.2 second hold deenergizes, the system goes into the search mode.
The track loop monitor decreases the AGC signal to the IF for approximately

0.5 second. This allows the RF leakage signal from the transmitting antenna to
the receiving antenna to pass through the IF amplifier. If the track loop is
functional, this will appear as a video signal. The track loop will regain a track
condition and no failure alarm will be provided. If a fault has occured in the
track loop or if the transmitter power or receiver sensitivity has reached an
unsafe level, a track condition will not be obtained within the 0.5 second. During
this time, an RF leadage signal is provided and a signal is sent from the track
loop monitor to the alarm generator which provides a failure indication to the
indicator. If no failure is indicated at the end of this 0.5 second period, the
system will return to the search mode and attempt to reacquire the ground return
for up to 4.5 seconds. In the absence of a ground return the failure monitor will
continue to gate out the AGC signal for 0.5 second at 5 second intervals, thus
continuously checking the tracking loop operation.

ANTENNAS

Two identical antennas are used with the radar altimeter system. Each antenna
consists of a flared horn and a coax-to-waveguide adapter. The units are sealed

19-16 VOL. VI



3I00W HOL1lIiINHNOWH JIHNTI Y - WY HNDYI 2078 G331 31 7dH1 8
HUYIY
IUNTIVS
VMNIANY X4
N3ID
WYYV
HOL )1 MOwW
4007 A¥d SHNYML
FELE T
s 3118
HOLIMNOW @ )
IDNYY
H3® N3
| 310 409 Hi004 | TRy
HO¥Y3S =AY§ ol
y
AP
: ino ini ope
< 1 oamx < —_—— Iive € oBY 0°1
IoNvY 02°0 MavL
n IDNVYY ¥ AN g AN TRy
4no e e IBNvE | 21vy 31v® 03CIA e 41 A
IDONYY IDNYY NIVEL
1M1 4
43¥

YNNI LNY X¥

19-17

VOL. VI






Wm volume VI chapter 20

CRASH POSITION INDICATOR
GENERAL

The AN/URT-26 Crash Position Indicator (CPI), is an aircraft installed
radio beacon which operates at the international distress frequency of 243
MHz. The radio beacon and battery power source are encapsulated in a
polyurethane airfoil which is ejected from the aircraft upon actuation of
one of five frangible (breakable) switches, a hydrostatic switch, or the
DEPLOY switch on the CPI control panel.

AIRCRAFT INSTALLATION

The CPI is made up of six major components. They are as follows:

e CPI Tray

s Airfoil

e Frangible and Hydrostatic
Switches

e Control Panel

Battery Pack

® Beacon Battery Shutoff

CPI TRAY

The CPI tray, (or mount) is located in the number four escape hatch directly
above the left-hand jump door at ¥S1218. Installation of the CPI tray in the
number four escape hatch does not obstruct exit in case of emergency. The
tray houses the airfoil, airfoil release mechanism, and hydrostatic switch.

AIRFOIL

The airfoil contains the radio beacon, battery power source and provisions
for a tape recording mechanism.

SWITCHES

Five frangible switches and one hydrostatic switch are located at strategic
points on the aircraft. Two frangible switches are located on the forward
side of the radome bulkhead, one in each wing tip and one in the aircraft
lower fuselage at FS958. The hydrostatic switch is mounted on the inside
of the airfoil tray and is set to close at six feet of seawater pressure. The
frangible switches close whenever the glass housing of the switch is
cracked or broken.

VOL. VI 20-1
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CONTROL PANEL

The control panel is located in the upper left~hand portion of the navigator's con-
trol panel. This unit houses lights and switches for testing the battery charge and

transmitter circuits. The airfoil can be manually deployed by actuating the
DEPLOY switch. '

BATTERY PACK

The battery pack is mounted on the aft side of the wing box adjacent to the CPI
tray, and supplies power to the release mechanism.
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BEACON BATTERY SHUTOFF

The beacon battery shutoff unit is stowed near the battery pack, above the left-
hand jump door. A two ampere circuit breaker is installed in the avionics circuit
breaker panel.

The beacon battery shutoff unit is attached to the airfoil to prevent undesirable
transmissions when the airfoil is removed from the aircraft.

SYSTEM OPERATION

The CPI is completely independent of other avionic equipment operation and will
be ejected into the aircraft slip-stream automatically upon actuation of one of the
switches.

To install the airfoil it is first necessary to reset the release mechanism. Re-
setting the release mechanism positions a retainer flange. When the latch, which
holds the airfoil, is depressed, it will engage the retainer flange. With the latch
mechanism in its raised position and while holding the retainer flange back
againgt spring tension, momentarily press the SET switch., This passes a D-C
signal thru an electromagnetic holding coil which creates a magnetic field po-
sitioning the retainer flange in its "locked" position. The system is now in its
armed configuration.

Note: The "strength" of the latch made during airfoil installation is directly pro-
portional to the current of the release unit battery pack at the time the
SET switch is pressed. Charging the battery pack after latch will not in-
crease the holding power of the latch.

When aircraft power is on the CPI control panel supplies a trickle charge to the
airfoil beacon battery and the release unit battery pack. This function can be
tested from the control panel by depressing the CHARGING TEST switch and ob~
serving that both the RELEASE and BEACON lights illuminate. Proper trans-
mitter operation can be verified by depressing the XMIT TEST switch and listen~
ing for a short duration tone thru a headset connected to the headset jack on the
control panel. Anytime aircraft power is on and the airfoil is not installed in its
mount the DEPLOY light will be on.

FUNCTIONAL OPERATION

The airfoil is a self-contained unit requiring external power only to hold the radio

beacon "off' while installed in the aircraft or undergoing tests. During static con-
ditions (airfoil installed) the release unit battery pack (ABP-1) constantly supplies

a voltage to the airfoil beacon holding it in the 'off" condition. When the airfoil is

ejected this voltage is removed and the 243 MHz, 250 mw radio beacon starts
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transmitting. The transmitter will continuously transmit a swept tone between
300 and 1000 Hz at the carrier frequency of 243 MHz,

The airfoil is held in by an electromagnetic holding coil which receives its mag-
netizing voltage from the APB-1 during "SET".

Note: Repeated or prolonged use of the SET switch can run~down the release unit
battery pack. It should be pressed very briefly,

Under static conditions the 5.2 volts, DC from the APB-1 is routed through the
normally~open contacts of the five fragible switches, the hydrostatic switch and the
navigator's DEPLOY switch. Closure of any one of these switches will supply
power from the APB-1 to trigger a Silicon Controlled Rectifier (SCR) in the re-
lease mechanism circuit. When the SCR fires, voltage from the SCR passes

thru the electromagnetic coil in the reverse direction, de-magnitizing the coil

and releasing the airfoil,

The leaf spring in the tray provides enough thrust to eject the airfoil clear of the
aircraft without the aid of the aircraft slip-stream.

SPECIFICATIONS
CHARACTERISTIC SPECIFICATION
Operational altitude 0 to 50,000 feet

Range (at 10, 000 ft. and
working with AN/ARA-25,
AM-3259/ARC, and

AN/ARC-34)

ADF 50 nautical miles

Tone 80 nautical miles
Antenna radiation pattern A : Omnidirectional
Transmitter frequency 243.0 MHz i—0,, 003 percent
Power output (unmodulated) ‘ 250 milliwatts minimum
Type of transmission AM
Modulation Chopped carrier

- 20-6 VOL. VI



SPECIFICATIONS (continued)

CHARACTERISTIC SPECIFICATION

Modulating Frequencies

High 1000 Hz +30 -10 percent
Low 300 Hz +10 =20 percent
Sweep rate‘ | 2 to 3 Hz
Power
Airfoil and release unit Battery operated
Storage battery charging 28 volts, DC
voltage

Battery Life

Airfoil
Storage Rechargeable
With transmitter on 48 hours at 0° C

Beacon Shut Off
Storage © 2 years

Use 3 months
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