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DOPPLER NAVIGATION COMPUTER

GENERAL

This computer system provides the navigator indications of distance to zo
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,

TAIRCRAFT INSTALLATION

The aircraft installation diagram shows general cabling and component
locations. Those components are as follows:

s Computer CP-g22

e  Main Control Panel C-3819

e Auxiliary Control Panel C-3820

] Ground Test Switch
SYSTEM OPERATION
Doppler computer operaiion requires Doppler rador zroundspess n.dis
signal at 20, 66 Hz per knot in radar land mode) and Doppler racar groun:

track (compass heading + drift angle).

Ground operation of the computer is only provided when the ground est
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 knnbm@ 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 l-mub@m@ If he desires presetting the angle on Knub@
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(STAGE II) he must use the STAGE II distance-to-

go knob (F). Knobs (B) and (1) must be set
to 000 miles crosstrack, The navigator may

preset two flight legs., He determines his first
leg and presets it ag explained previously. His

second leg may be preset in the same manner
on the opposite stage.
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LEG B PRESET ON THE OPOSITE
STAGE OF COMTROL PANEL

Egs T == LEG A DESTINATION POINT
e AKE ANGLE SRTTING . CHOSEN BY THE NAVIGATOR

273.4 peEGREES
AIRPORT 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.l
i - LEG OPERATI ONS :

For a two leg operation, as shown in the "Leg Operations" illustration, the
navigator places Knub@tn the stage he has preset for leg A and switcl'@in the
"NAV" position. To activate the system, I{nub@is nlaced to manual ("MAK")
or automatic ("AUTO"),

With the Doppler radar preslewed or operating the computer begins counting
when the aircraft lifts off airport 1. With H.uub@as shown, the main control
ranel CROSSTRACK indicator will constantly displayv the left or rizht nautical
miles distance in tenth mils increments {rom the preselected leg A, The nilot
will see deviation from the lez on his flight director and attempt to keep the air-
ceraft on course. When the leg A stage counts down to 000 NAM CROSSTRACK
and DISTANCE-TO-GO, the navigator knows the aircraft is over the leg A
destination, He then transfers stages manually with I{nui;@if I{:‘.cb-gnms pre-
set to "MAN, " I "AUTO" had been preset, stage switching would be automatic
when the leg A stage counted down to 000 NM distance-to-go. When the svstem
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 thereifore 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 autornatic stage
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switching will not re-occur if the navigator leaves the previous leg A stage set
to 000 NM distance to go. With knob(H)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 normal for "NAV" (cross country) operatmn to
obtain 000 NM readings over the target.

SPECIFICATIONS

DOPPLER COMPUTER ASN-35

CHARACTERISTIC SPECIFICATION

Power requirements 28 volts, DC

F 115 volts, AC, 400 Hz
i
|

28 volts, AC, 100 Rz

Maximum DISTANCE-TO- G592 NM (89.9 NM in DROP mode!

GO Readout {1 NM steps im NAV 0, 2 NM stecs
in DEC®)

Maximum CROSSTRACK : 9%, 9 MNAL {9.5%9 NiI in DRCP mode)

Readout | (0.1 NM setp in NAV 0. 01 N stens
in JROP)

| 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)

S e e

BLOCK DIAGRAM THEORY OF OPERATION

The ground track (course) information from the Doppler radar antenna is
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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 P&
g i = GROUND TRACK

CRap ANGL g

Hﬁhh"‘hhﬁ‘.

COMPASS HEADING

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.

GROUNDE TRAZK ANGLE

ODRIFT AMGLE {EHAHFLE 2

H F
LLEFT DRIFT

—- HIA0 NG

The radar ground track information representing the actual path of the aircrait

is a 400 Hz 3 wire synchro signal. The track angle error loop diagram will

show that the actuai 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
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Track Angle Error (TAE). TAE will adjust the computer for proper control
pinel 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
pusitions a sine-cosine potentiometer in the resoclver circuits. The sine-cosine
polentiometer effectively multiplies the Doppler ground speed signal by the sine
(cross track) and cosine (ulong 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
sclected 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 cceur multiplying the ground speed signal to the distance to zo circuits
by a cosine less than 1 slowing the distance to go countdown,

rnss track (LEFT or RiGHT) will ccenr gt a rate determined by off cours
zht {TAE) because the ground speec to the cross track circuits is muis 1_,:11 ed
L;.- & sine more than O. If the aircraft course is to the right of the desi

urse (clociowise TAE) RIGHT CROSS TRACK counting will cecur. ¥ th T.-E..—‘:
is :umterclocl-:wme LEFT GROS5 TRACK counting will cccur.
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L
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Sinve TAE resulis froin off course conditions the TAE illustration shows the
2oty {t‘ pane! counting [or four %E angles. At Intermeciate angles the crowad
speed must be multiplied by the sine and cesine of the TAE te determine rate ol
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TAE 09= ACTUAL TRACK SAME
AS SELECTED TRACK

Q
- 0 —

CROSS TRACK
NO COUNTING
d]

DISTANCE TDFGD DECREAS ING
MAX |MUM COUNTDOWN SPEED

DISTANCE TO GO DISTANCE TO GO
HO COUNTING NO COUNTING

270° 90°
CROSS5 TRACK - CROSS TRACK
MAX |MUM LEFT COUNT HMAX IMUM RIGHT COUNT

SPEED INCREASING SPEED |INCREASING

DISTANCE TO GO INCREASING
MAX IMUM CIOUNT UP SPEED
WA
CHDEH_TH#CK
HO COUNTING

180°

At 0 to 80 degrees TAE the RIGHT cross track and decrease distance-to-go
solencids are selected. At 90 to 180 degrees TAE the RIGHT cross track and
ineraise disiante-tu—-go soiencids 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 solenocids are selected. The choice of STAGE
for STAGE II groups of solenoids are selected at the control panel by switch C.

DETAILED ANALYSIS OF RESOLVER OPERATION

The ground specd 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
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A-C bridge is used as a clock - -soy
reference. As shown on the
Resolver Clock Waveforms
diagram, a 30-volt, D-C
switched level is removed from
the bridge. Terminal E-1 is

exponentially decreasing to zero E1
volts while E-2 is exponentially g
increasing to a negative 50 volts. e

At some point in time the two
voltages will coincide, A PNP
clock multiar detects this
coincident point and starts to SIMPLIFIED CLOCK
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 delayr gats,
a variable cosine gate, and inversely variable sine gate. The delay gate
momentarily turns off the delay gated amplifier at the beginning of each cloci
on time to assure that the Doppler ground speed pulses reach both the cozine
and sine zated amplifiers simultaneously.

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 volis exponentialiyv 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 zated 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 errer 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 whoese
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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 cn 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 campensating 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 travel=sd along track must be reduced (divided) to
one (1) pulse per mile (computer "NAV'" mode) to actuate the DIETANCE-TO-GO
selenoid indicator. The along track binaries divide by 30,000, The eross-
track hinaries divide by 3, 000 providing 10 pulses per cross track mile raveied

astuating the ¢ross track solenoid, in eomputer "DROF" mcode “he tlong trac..
Gimavids, ivdgine by 2000 peocuce 10 puises perriiia travelac wipile the on s5.
irnck iogoies; diviging by 300, produce 106 pulses for each orosstraca mile
iraveled
Dgadae TEmaeicet! mods She binoepdisisivnag chenrad ae filiows

10,000 - along track - computer "NAV" mode

2.000 = gcressirack - compuier "NAV! mode

1,000 - alongtrack - computer "DROP" maode

100 - cross track - computer "DROP" mode

This change in division compensates for the low ground speed signal produced
by the radar in Sriocoth Sea. The cortrol panel indicators remain normal as
determined by the computer "NAV-DROP" mode.
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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 Zor TAE to position cam operated switches to select the proper
indicator solencids. As mentioned earlier, there are four combinations of

solenoid selections,

b . TAE

e

Distance-to-go Solenocid

Crosstrack Solenoid

|
0 to 90 degrees

90 to 180 degrees

180 to 270 degrees

270 to 360 degrees

Decrease
Increase
Increase

Decrease

RIGHT
RIGHT
LEFT
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.
control panels mechanically drive potentiometers providing the flight directo

The cross track gear boxes in both

|

with plus or minus D-C deviation voltage and the autopilot with reversable
rhase, A-C deviation voltage.
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