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Be sure to read all the safety information which
follows before attempting to operate this equipment.

General Safety Information

"DANGER," "WARNING," and "CAUTION" notices appear throughout this manual. It is
the responsibility of the user of this equipment to read, understand and follow these notices.
If you have any questions regarding these safety instructions, please contact a FURUNO
agent or dealer.

Hazardous Voltages

This equipment uses high voltage electricity which can SHOCK, BURN or cause DEATH.

TO THE USER: While the equipment has been designed with consideration for the
operator’s safety, DO NOT work inside this equipment unless familiar with these electrical
circuits and correct electrical safety procedures.

TGO THE SERVICE TECHNICIAN: Always make sure the electrical power is turned off
before attempting to change a component or inspecting the inside of the equipment. A
residual charge may exist in capacitors, even with the equipment turned off. Always short all
supply lines to the chassis with an insulated screwdriver or a similar tool before touching the
circuit.

Working on the Scanner Unit Mast

Work on the scanner unit mast is dangerous, and doubly so if the proper precautions are not
taken.

1. Post an appropriate warning sign near the display unit to indicate that work on the scanner
unit is being performed, to prevent accidental application of the power to the scanner unit.

2. Wear a safety helmet and aiways be aware of where the scanner radiator is.



Radio Frequency Radiation Hazard

This radar scanner emits high frequency radio radiation (RF) which can be harmful, par-
ticularly to your eyes. Never look directly into the scanner from a distance of less than two
feet when the radar is in operation as you could injure the cornea of your eyes. Always make
sure that the radar is set to either Stand-By or OFF before starting work on the scanner.

Operating Precautions

Navigation is a2 complex and detailed skill which requires knowledge, judgment and ex-
perience to perform effectively. Errors in navigation can lead to catastrophic injury or even
death in some circumstances. Navigational errors can cause collisions between vessels,
collisions with land and land-based structures, and can lead to being lost at sea.

No single navigational aid (including this radar) should ever be relied upon as the exclusive
method for navigating your vessel. The navigator is responsible for checking all aid available
to confirm his position. Electronic aids are meant to assist the navigator, not replace him.

The 1972 Convention on the International Regulations for Preventing Collisions at Sea
(1972 COLREGS) provide statutory requirements for the operation of any vessel including
the posting of lookouts. The operator of the vessel is responsible for compliance with these
requirements whether or not the radar is in use.
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SPECIFICATIONS OF FAR-2822 MARINE RADAR/ARPA

1. SCANNER UNIT

M a WM
B L

2. TRANSCEIVER UNIT (contained in

Type:

Radiator Length & Type:
Horizontal Beamwidth:
Yertical Beamwidth:
Sidelobe Attenuation
within £ 10° of mainlobe:

cutside t 10° of mainlobe:

Polarization:
Antenna Rotation:

Wind Load:

Slotted Array

200cm (XN3A), 240cm (XN4A), 300cm (XN5A)
1.23° (XN3A), 0.95° (XN4A), 0.75° (XN5A)

20° (XN3A/XNSA/XNSA)

-28dB (XN3A/XN4A), -26dB (XNSA)
-32dB (XN3A/XN4A), -30dB (XN5A)
Horizontal

26 rpm nominal (60Hz, windless load)
21 rpm nominal (50Hz, windless load)
Relative wind 51.5 m/s (100 kts)

Scanner Unit)

1} Transmitting Tube: Magnetron
2} Frequency and Modulation: 9410 + 30MHz (X-band), PON
3) Peak Output Power: 25kW (nominal)
4) Modulator: SCR Line Type Pulse Modulator
5) IF: 60MHz (Log Amp)
6) Tuning: Manual, with tuning bar
7) Receiver Front End: MIC (Microwave IC)
8) Bandwidth: short pulse: 28MHz
middle/long pulse: 3MHz
9) Duplexer: Ferrite Circulator with Diode Limiter
10} Pulselength & Pulse
Repetition Rate:
Range (nm) 0.25-0.5} 0.75-1.5} 3 6-24 | 48 | 120
% | Pulselength (us) 0.08 0.3 | 0.6 1.2
% | Pulse Rep. Rate* (Hz) 2200 1100 600 | 500
. | Pulselength {us) 0.08 0.3 0.6 1.2
" 1 Pulse Rep. Ratex (Hz) | 2200 1100 600 500
* a1l pulse repetition rates are approximate values
Note: When the second-trace echo rejection circuit is activated, the pulse

repetition rate is 500Hz on other than the 0.08 us pulselength.

vi




3. DISPLAY UNIT

1)
2)

3

14}

Indication System:

Picture Tube:

PPI, daylight display, 15-level

quantization.

28" diagonal high-resolution monochrome

CRY

Radar effective diameter: equivalent to
16"

Range: 0.25

0.510.75] 1.5| 3 | 612| 24| 48| 120

Range Ring 0.0%

0.110.25{0.25|0.5| 1| 2{ 4| 8{ 20

Interval:
Number of Rings: 5

5 3 6 6 | 6| 6 6| 6 6

Display Mode:

Minimum Range:

Bearing Resolution:
Bearing Accuracy:

Range Resolution:
VRM/Range Ring Accuracy:

Mark:

Data:

Features:

Relative Motion: Head-up, North-up*,
Course-up*

True Motion*

* gyrocompass required

less than 27m on 0.25 nm scale

within 1.5° on 1.5 nm scale

better than 1°

better than 32m on 1.5 nm scale

0.85% or 7m, whichever is greater

Heading Marker, North Marker, Bearing
Scale, Range Ring, VRM(2), EBL(Z2), Alarm
Area, Parallel Cursor, Tuning Bar, Plot
Mark, Plot Vector, Navigation Line/Point

Detection Range, Range Ring Interval, VRM
Range, EBL Bearing, Display Mode (HEAD UP,
CSE UP, NORTH UP, TM), Pulsewidth (SP,
M1P, M2pP, LP}, Cursor Position (bearing,
range), Echo Trail Time Interval, Plot
Data (bearing, range, course, speed, CPA,
TCPA, BCR, BCT, vector time, plot elapsed
time), Switch Setting (interference
rejection, auto clutter rejection, signal
processing, echo stretch, off-center,
alarm acknowledge, cursor gyro mode, per-
formance monitor)

Standard

Interference Rejection, Auto Clutter
Rejection, Alarm, Echo Stretch, Echo Plot,
Echo Trail, Parallel Cursor, Floating EBL,
Navigation Line, Navigation Point,
Off-Center (50% of range in use), Second
Trace Echo rejection,

Optional
Separatable Display Unit (CRT, Operation
Unit and Processor Unit can be separated.)



ARPA FUNCTIONS

1)

2)
3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Acquisition Mode:

Acquisition Range:

Suppression Area:

Tracked Target:

Tracking Range:

Past Positions:

Vector Presentation:

Vector Length:

Target Data Display:

Own ship Data
Display:

Alarms:

Coltision Warning:

Guard Ring:

Automatic acquisition mode and Manual acquisition
mode.

0.3 to 32 nm (or 0.3 to 24 nm by internal preset)

Three 1imit lines are available to define suppres-
sion areas in which automatic target acquisition
will not occur. Each limit line, either fixed on
land or fixed on ship, may be a single straight
line or a string of 1ines containing up to 5
corners.

Automatic acquisition mode:
Automatically acquired 20 targets, plus manuaily
acquired 20 targets.

Manual acquisition mode:
Manually acquired 40 targets

0.2 to 32 nm

1 to 50 past positions of any targets being tracked
at intervails of 30 sec., to 99 min. (The number of
plots and plot interval preset internally.)

True or relative vectors switchable. Trend within
1 min., full accuracy within 3 min.

30 sec. to 99 min.

Range, bearing, course, speed, CPA, TCPA, BCR (bow
crossing range) and BCT (bow crossing time) of up
to 3 targets.

Course and speed

Audible and visual alarms against threatening
targets coming into the preset CPA/TCPA limits,
lost targets, targets crossing guard ring. VYisual
oenly alarm against system failure and target full
situation.

CPA T1imit ----- 0.2 to 10 nm.

TCPA 1imit ---- 0 to 99 min.

No, of guard rings ----- 2

Guard ring width —------ 0.5 nm

Radius of quard ring --- Quter limit between 0.7
and 32 nm

Sector angle -----~--—-- 1 to 360° in any direction

viii



4. ENVIRONMENTAL CONDITIONS

1) Ambient Temperature: Scanner Unit ------ -25°C to +70°C
Display Unit -----—- -15°C to +55°C
2) Humidity: Relative Humidity 95% @ +40°C

5. POWER SUPPLY

Display Unit, TR Unit: 100/110/115VAC, l¢, 50/60Hz,
410¥A approx.
220/440VAC, 50/60Hz by external
transformer
Scanner Motor: 220/440VAC, 3¢, 60Hz or
200/380VAC, 39, 50Hz, 120VA;
100/220VAC, 1¢, 50/60Hz, 150VA;
by external transformer: 110VAC, 3¢, 60Hz;
220/440VAC, 3¢, 50Hz;
110/115VAC, 1¢, 50/60Hz

6. COLOR
Scanner Unit: Munsell N9.5
Display Unit: Panel: N3.0 newtone No.5

Chassis: 2.5GY5/1.5 embossed T25



PARTI

Radar Operation



OPERATIONAL OVERVIEW

GENERAL

The functional and logical arrangement of the front panel controls make this radar easy
to use.

If you change a control setting you will see the associated reaction almost immediately on
the screen. Key operation is confirmed by a beep tone, while unacceptable key entry is
communicated by a series of beep tones. (for regular-type only)

BASIC OPERATING PROCEDURE |

1. TURNING THE POWER ON

After having confirmed that there are no obstructions around the scanner, turn the
POWER ON. The results of the self-check, total on time, total TX time, and the 3-minute
timer are displayed (see Fig. 1). The 3-minute timer begins counting down from 3:00 to
(:00, whereupon it changes to “ST-BY,” indicating the radar is ready to transmit. The
scanner is not rotated until transmission is started.

NOTE: Self check is conducted at every POWER ON, and no display appears on the screen
during the self-check period, about 40 seconds.

TOTaL OM TIME~020008:28
] TT TludeBOEARd: 1Y

Fig. 1 Display Screen During Warm-up Period



2. SELECTING THE RADAR

Select the radar desired with the RADAR 1 or RADAR 2 touchpads; RADAR 1, master
radar, RADAR 2, slave display. The radar selected is indicated at the left-hand side of
the screen.

3. ADJUSTING BRILLIANCE OF CRT, DATA AND TOUCHPAD PANEL

CRT
The BRILLIANCE control adjusts the brilliance of the CRT. Temporarily set it to the
12 o’clock position.

Data
The DATA touchpad adjusts the brilliance of the touchpad panel in four levels: dim,

medium, bright and off. Each time the touchpad is pressed the brilliance changes in the
above sequence.

Touchpad Panel
The PANEL DIM touchpad adjusts the brilliance of the touchpad panel in four levels.

4. TRANSMITTING THE RADAR (selecting a pulselength)

When the message ST-BY appears on the screen, the radar may be transmitted by
selecting an appropriate pulselength with the FUNCTION switch. As a general rule of
thumb. use the short pulse when target discrimination is required, and use the long pulse
wlen range is important. Shortly after a pulselength is selected the display screen lights
up and any echoes received from targets are displayed on the screen. If the FUNCTION
switch is set to a pulselength setting during the 3-minute warm-up period, TX appears
helow the timer indication and the radar will begin transmitting immediately at 0:00.

5. RANGE SELECTION

The RANGE touchpads ([ + ],[-]) are used to select the RANGE. The range selected
determines automatically the fixed range ring interval. Press the [+] touchpad to in-
crease the range, or press the [-] touchpad to lower the range. The range and the range
ring interval are indicated at the upper left-hand corner on the screen,

6. TUNE CONTROL ADJUSTMENT

The TUNE control is used to tune the receiver. For the first 10 minutes of operation the
tuning should be checked periodically because the transmitter has not stabilized yet.
Readjustment after the first 10 minutes is normally not required.

Tuning is made easy by the use of the tuning
bar provided at the upper right-hand side of

the display screen. The TUNE control is so tuning
adjusted to display the longest tuning bar. / bar
To tune the receiver, first turn the A/C SEA OOCOnm

control fully counterclockwise and set the
range to maximum. Turn the TUNE control
between its extremes until the longest tuning
bar (between 4 and S tuning markers) is ob-
tained.

Fig. 2 Tuning Bar



7. GAIN CONTROL ADJUSTMENT

The GAIN control is used to adjust the sensitivity of the receiver, and thus the strength
of echoes as they appear on the screen. It is adjusted so that the speckled noise back-
ground is just visible on the CRT.

To properly set the gain, first select one of the two longest ranges -- the speckled
background is more apparent on long ranges. Turn the GAIN control clockwise slowly;
you should be able to see the speckled background appear when the position of the control
is between 2 and 3 o’clock. If you set up for too little gain, weak echoes may be missed.
If you turn the control too far clockwise, yielding too much speckled noise background,
targets may be missed because of the poor contrast between desired echoes and the
background noise on the display.

{A} too high {B) proper (C) too low

Fig. 3 Gain Control Adjustment

8. PRESENTATION MODE SELECTION

The SELECT touchpad is used to select the presentation mode. There are either five or
four modes selectable, Head-up, Head-up CG, North-up, Course-up, True Motion,
depending on whether the cursor gyro program is fitted or not. Each time the touchpad
is pressed the mode and the mode indication at the left-hand side of the screen change in
the following sequence.

with cursor gyro program ------- . HumRM  HUCG _ CURM  NU/RM _ NUTM

without cursor gyro program ----  HU/RM  CU/RM  NU/RM  NU/TM

Loss of Gyro Signal

When the gyro signal is lost, the presentation mode automatically becomes
HEAD UP and an asterisk appears at the CSE readout. (The asterisk does not
disappear even when the gyro signal is recovered, to warn the operator that the |
readout is unreliable.) If this occurs, check the on-screen gyro indication. If
it is wrong, align the gyro interface and press the SELECT touchpad to erase |
the asterisk. If you wish to select a presentation mode other than Head-up |
turther press the SELECT touchpad until the desired mode is obtained. |



Example Picture

|

|
E
i
|

Mode

Head-Up/Head-Up CG Mode

The picture is orientated so that the heading mark appears
at the top of the screen. This mode is most suitable for
navigation in congested areas or narrow channels. In the
Head-up CG (Cursor Gyro) Mode the bearing scale rotates
according to gyrocompass reading.

Note that the north mark appears only when a gyrocompass
is connected.

Course-Up Mode 1

The orientation of the picture is stabilized so that the course
immediately before the Course-up is selected is fixed to the
top of the screen. If you make a course change, press the
SELECT touchpad to get the Course-up Mode. After the
course change is completed, press the CU, TM RESET
touchpad if you still continue to use the Course-up Mode.

North-Up Mode ¥

The radar picture 1s stabilized so that the North 1s at the top
of the screen and the heading mark changes according to the
orientation of the ship’s heading. This mode is suitable {or
both measuring the ship’s position and as a navigation
monitor on a navigational chart. The picture is stabilized
against vaw of the vessel, reducing the smearing of (arget
cchoes.

North-Up True Motion
Owan ship and moving objccts are indicated in their true motion
on the PPI, allowing the operator to observe ship’s movement
relative to the fixed target {for example, landmass). When the
NU/TM mode is selected, the trace origin of the radar picture
is reset Lo the center of the PPL and the echoes of the targets
arg indicated like in the north-vup picture. When the own ship
reaches a location which i1s 50% of the range m use 1t 1s
automatically put back to a position on the screen hallway
behind the center such that the extension of the heading
marker passes through the screen center. The own ship mark
may also be returned to screen halfway behind the center
manually by pressing the CU, TM RESET touchpad. To turn
on or off the automatic resct function, press the TM AUTO
RESET touchpad. (TM AUTO is displayed at the left side of
the screen when the function is turned on.)

T gyrocompass required




The TM AUTO RESET operation is preceded by visual alarm (and also audible alarm
for N-type version).

9. SUSPENDING TRANSMISSION TEMPORARILY

To suspend transmission temporarily, set the FUNCTION switch to ST-BY.

10. SUSPENDING TRANSMISSION

To suspend transmission turn the power off.



ELIMINATING RETURNS FROM SEA SURFACE AND
RAIN CLUTTER

SEA RETURNS

Sea returns appear on the screen as a large number of small echoes (see Fig. 5) which
might affect radar performance. The action of the A/C SEA circuit is to reduce the
amplification of echoes at short ranges (where clutter is the greatest) and progressively
increase amplification as the range increases, so that amplification will be normal at those
ranges where sea clutter is not experienced. The control is effective to a maximum of
about 8 miles.

The proper setting of the A/C SEA control is so that the clutter is broken up into small
dots, and small targets become distinguishable. If the control is not sufficiently advanced,
other targets will be hidden in the clutter, while if it is set too high, both sea clutter and
targets will be erased from the screen. As a general rule of thumb, turn the control
clockwise until the clutter has disappeared leeward, but a little is still visible windward.
Always leave a little clutter visible on the screen, this ensures that weak echoes will not
be suppressed. If no clutter is visible on the screen, leave the control in the fully
counterclockwise position.

sea clutter; A/C SEA A/C SEA control adjusted;
control off sea clutter reduced

Fig. 5 Adjusting the A/C SEA Control

RAIN CLUTTER

The echoes of ships operating inside rain, hail, or snowstorms may be hidden by on-screen
rain clutter. Rain clutter is easily recognizable by its wool-like appearance on-screen.
When this type of interference obscures a large area of the screen, you can use the A/C
RAIN (anti-clutter rain) control to reduce the clutter.

When the A/C RAIN control is turned clockwise receiver sensitivity is suppressed to
break up the clutter into small speckles. Thus it may also be used in clear weather to
separate groups of echoes on a congested short-range picture. In all cases use discretion
when adjusting the control, since advancing it too far clockwise may erase target echoes
from the screen.



Fig. 6 Effect of the A/C RAIN Control

Automatic Clutter Control

The A/C AUTO (anti-clutter auto) touchpad controls the video circuit which
automatically suppresses sea and rain clutters, overriding the manual control
{for A/C SEA and A/C RAIN. The ON/OFF status of the circuit is indicated at
the feft-hand side of the screen. It is recommended to adjust the manual A/C
SEA and GAIN controls also even when the A/ AUTO circuit is ON.

REDUCING RADAR INTERFERENCE

Radar interference may vccur when in the
viciaity of another shipborne radar eperat-
ing in the same freguency band. It appears
on the screen ofien as a large number of
bright dots either scattered at random or in
the form of "curved spokes” (see Fig. 7).
Thix type of interference can be reduced by
activating the Interference Rejector cir-
cuit. Press the INT REJECT touchpad to
activate the circuit. Four levels of inter-
ference rejection are available, and each
time the touchpad is pressed the rejection
level and the rejection level indication at
the left side of the screen change in the
following sequence.

IR1 - IR2 - IR3 - OFF

NOTE: Set IR OFF when receiving radar beacon.

Radar
interference

Fig. 7 Radar Interference



RANGE AND BEARING MEASUREMENT

The range to a target from own ship may be measured with the range rings (rough
estimate), which are turned on and off by the RING touchpad, or a Variable Range
Marker (VRM). The bearing to a target can be measured with an Electronic Bearing Line
(EBL}).

If the " +" cursor is displayed, range and bearing from own ship to the cursor position are
displayed at upper left of the screen. Therefore, the range and bearing to a target is simply
known by placing the " +" cursor on the target.

Operation of the VRM’s and the EBL’s is simple and straightforward. At the right and
left side of the control panel there is a group of controls for VRM and EBL operation: an
ON and an OFF touchpad and a rotary knob control. Each rotary knob control operates
two markers, VRM No.1 and VRM No.2, or EBL No.1 and EBL No.2, which are turned
on and off by the appropriate ON and OFF touchpads. Each time an ON touchpad is
pressed a marker is turned on and that marker’s indication (displayed at the bottom left
{EBL.) or bottom right (VRM) corner of the screen) is circumscribed, signifying the
marker is currently operative. To erase a marker, press the OFF touchpad. The marker
whose indication is not circumscribed is erased.

Note that marker differentiation is made by making the lengths of the dash of the No.1l
markers shorter than those of the No.2 markers.

To measure the range to a target using the range rings, check the fixed range ring interval,
shown at the top left corner of the screen, and judge the distance of the echo from the
inner edge of the nearest ring.

NOTE: For N-type version, the No. 2 VRM and EBL are not provided.

o Target blip

__VRM No.1

VRM No.2

_URM Mg, 1
(0. 7108
IR ND C
(17 808N

Fig. 8 Range Measurement with a VRM
(VRM No. 2 is for regular-type only)



RANGE MEASUREMENT

Press the VRM ON touchpad to display a VRM on the screen. Next, rotate the VRM
rotary knob control until the circle described by the VRM just touches the inside edge of
the target blip (see Fig. 8). The range to the target is shown at the lower right-hand
corner of the screen; VRM No. |l on top and VRM No.2 indication below 1t.

VRM Measurement Unit Selection - e

VRM readout may be displayed in either nm < km or sm « km depending on
‘he setting of an internal DIP switch. To alternate between nm and km (or sm
and km), press the VRM ON touchpad while pressing and holding the HM
OFF touchpad. {This feature is for regular-type only.)

BEARING MEASUREMENT

Press the EBL ON touchpad to display an EBL. Then, rotate the EBL rotary knob control
until the EBL bisects the target blip (see Fig. 9). The relative bearing to the target from
own +hip s indicated at the lower left-hard corner of the display screen; EBL No.l
indication on top and EBL No.2 below it. If a gyrocompass is interfaced with the radar,
irue and relative bearings can be alternated, in the heading up mode, by pressing the
TRU,REL touchpad.

- Target blip

EBL No.2 ———/—___

EBL No.1

EBL [No, 1] .\
I_30. 0" 1Rl

EBL No.2 ___
156, 27REL]

Fig. 9 Measuring Bearing With an EBL
(EBL No. 2 is for regular-type only)

Using the Offset EBL

The origin of the EBL can be placed anywhere with the trackball to provide measurements
of bearing and range between two targets. This function is also useful for assessing
possible collision situations.

1. Press the CURSOR touchpad to display the cursor on the screen, if it is not already
displayed. Superimpose the cursor on a target echo by operating the trackball.



5.

6.

. Display an EBL on the screen. Press the OFFSET touchpad, and the EBL origin is

placed at the intersection of the cursor.

Afrer waiting 3 or 6 minutes, operate the EBL rotary knob control until the EBL bisects
the target. If the EBL passes through own ship’s mark the possibility of collision may
exist.

. To measure the range between two targets, press the VRM ON touchpad to display the

VRM (No.1 or No.2} associated with the active EBL. The range marker (see Fig. 10)
is superimposed on the EBL. Operate the VRM rotary knob control; the range to the
other target is shown on the VRM indication at the lower right-hand side of the screen.

Range Marker
(operable by
VRM No.1)

Range Marker

//\ (operable by - i
e \/RM N02) e O

/ N 1051 N — -
/~ EBL origin \ o
/'/ ¥ /f .
’/ .*\‘ I L 7 ‘ - ! ."‘\_
j e ‘[ / i" H -
) _— R} i ;/ , | A1
S P F e
S :‘/, :
\7} =~ / ‘a
. - Ft‘
el \
\ Offset EBL. 4 \ g . /
-
e - g \\‘\ //’
e e ___,—‘/ o e —

Fig. 10 Using the Oftset EBL

To measure the range and bearing between two other targets, activate the other EBL
and VRM.

To return an EBL to the screen center, press the OFFSET touchpad again.

Floating EBL (for N-type version)

L.

E\.‘f

Press the [EBL OFFSET] key. The EBL origin is offset to the "+ " cursor position. In
this condition the EBL origin can be maneuvered by the trackball together with the
"+ " cursor.

To operate only " + " cursor, detach it by pressing the [EBL OFFSET] key: (EBL origin
remains fixed.)

. To return EBL origin to own ship position, press [EBL OFFSET] key again.
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PARALLEL CURSOR

An electronic parallet cursor is built in this unit. The cursor is comprised of a series of
lines prarailel to the line inscribed through the screen center, and it is used for maintaining
4 constant distance between own ship and a coastline or a partner ship.

Operating Procedure
1. To display the parallel cursor, press the INDEX LINES key.
2. To operate the parallel cursor activate EBL1.

- To change the distance between parallel lines, which is shown at the lower right-hand
cornei of the screen, press the INDEX LINES SET key. (The indication “INDEX
LINES DISTANCE™ is displayed on the lower right-hand corner on the screen.)
Activate VRM1 and adjust the range with the VRM rotary control. The shorter the
distance, the greater the number of parallel lines displayed, and the maximum is 12,

NOTE: The "INDEX LINES DISTANCE" feature is for regular-type only. In case of
N-type version, the parallel cursor is composed of six lines and the distance
hetween lines are not variable.
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SETTING THE ALARM

An alarm may be set to sound should targets (ships, landmasses, etc.) above a certain
signal level enter into a preset guard zone. The size of the guard zone may be set between
() and maximum range for distance and between 0 and 360° in bearing. (regular-type)

For N-type version, the guard zone is set in range between 3 and 6 miles, with its width
being 0.5 mile constant, and between 0° and 360° in bearing.

This alarm is very effective as an anti-collision aid when using an autopilot or navigating
in narrow channels. However, it does not relieve the operator of the responsibility to
watch out for possible collision situations. It should never be used as a primary means
to detect possible collision situations.

Operating Procedure (for regular-type)

f. Press the VRM ON touchpad to display
VRM No.1. Rotate the VRM rotary
knob control to set the outer margin of
the guard zone. Press VRM ON again
and adjust the VRM rotary knob for set-
ting with VRM No.2 the inner margin of
the alarm.

2. Press the EBL ON touchpad to display
EBL No.1. Rotate the EBL rotary knob
control to set one of the sector margins.
The guard sector is toward the right side
of this EBL when viewed from the cen- [ —
ter. Press the EBL ON touchpad again
and adjust the EBL rotary knob to set
the other sector margin. The guard sec-
tor is toward the left of this margin when
viewed from the center. Fig. 11 Guard Zone

guard zone

3. Press the SET/RESET touchpad. The annunciator "GUARD" is displayed at left side
of the screen.

4. Should the alarm sound it can be stopped by pressing the ACKN touchpad. Press the
touchpad once again to reactivate the alarm.

5. To change or erase the guard zone, keep the SET/RESET touchpad pressed for more
than one second.

— -—- Alarm Usage Caution -

The alarm is given to the targets having a certain level of echo strength, This
level does not always imply a landmass, reef, ships or other surface target but
can mean returns from sea surface or precipitation. As thelevel is changeable
with the environment, the operator is required to properly adjust the gain and
anti-clutter controls. It should be noted that excessively high position of A/C
controls can fail in alerting small targets.
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Operating Procedure (for N-type version)

1. Press the SET/RESET touchpad to enter the guard zone setting mode.

2. Press the VRM touchpad to display VRM; and then adjust the VRM control to set the
outer margin of the guard zone. If you set the VRM reading to above 6 miles, the outer
margin will be set to 6 miles ..... maximum limit. If the VRM reading is set to less than
3.5 miles or VRM is not displayed (VRM off), the inner margin of the guard zone will
be set to 3 miles ..... minimum limit.

3, Press the EBL ON touchpad if the EBL is not displayed; and then adjust the EBL
control to set the left margin of the guard zone.
Press the EBL ON touchpad again to display the 2nd EBL which is indicated by long
dash line. Adjust the EBL control to set the right margin of the guard zone. (EBL
readout for the 2nd EBL is displayed below the 1st EBL readout.)
Thereafter, each time the EBL ON touchpad is pressed, the valid EBL changes
between 1st and 2nd EBL’s.
If the sector margin is not set (that is, no EBL displayed), the guard zone will be of
circle {doughnut-shaped appearance).

4. Press the SET/RESET touchpad. The annunciator "GUARD" is displayed at left side
of the screen.

5. Should the alarm sound it can be stopped by pressing the ACKN touchpad. Press the
touchpad again to reactivate the alarm.

6. To change or erase the guard zone, keep the SET/RESET touchpad pressed for more
than 1 second.

- Y g ] Usage Caution-— -

The alarm activates when targets having a certain level of strength enter the
guard zone. This level includes not only ships and landmasses, but also
returns from seaface or precipitation. Since the level is changeable with the
environment, the operator is required to properly adjust the gain and anti-
clutter controls. It should be noted that excessively high settings of A/C
controls can fail in alerting small targets.
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SHIFTING THE DISPLAY

The sweep origin can be off-centered, using the trackball, by 50% of the range in use in
the relative motion mode except for 120 mile range, providing increased coverage without
changing the range.

1. Set the cursor on the location desired
by operating the trackball. (for
regular-type)

2. Press the SHIFT touchpad, and the
sweep origin is off-centered.

3. Tocancel the off-center display, press /i
the SHIFT touchpad again. [ }
!
NOTE: For the N-type version, the sweep Iy
origin is shifted by 50% toward
ship's stern side disregarding the S +-
CrOSS-CUTSOT. AN

Fig. 12 Shifting the Display

SR N Note ... ..

‘ The maximum display shift is 50% of the range in use, even though the cursor
‘ may be placed anywhere on the screen.
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PLOTTING

The track of up to 10 operator-selected targets can be plotted manually, providing the
operator with a history of target movement. Five plots/target are available on a first-in,
first-out basis.

I Display the cursor if it is not already
displayed. Superimpose the cursor
on the target desired by operating the
trackbail.

2. Seiect a plotting symbol with the
PLOT MARK touchpads followed by
the PLOT rouchpad. The selected
symbol 1s displayed.

Wait at least 30 seconds, place the
cursor on the same target, select 4
«vmbol and press the PLOT
touchpad. It the [CANCEL]
touchpad is pressed within 3 seconds,
the new plotting is cancelled. For
plotting other targets, repeat this pro-
cedure.

4. CPA and TCPA will be indicated with Fig. 13 Plot Display
4 vector on the target.

Target Vector

— e m i i S,

Trend of motion of each plotted target is shown by a vector. The vectors
remain unchanged without being updated; therefore, care should be taken to
clear less important target vectors. Vector time length, which is selectable by
the VECTOR TIME touchpad, is shown in the plot data table at the top
right-hand side of the screen. (30 seconds to 99 minutes in (.5 minute step)
The vector is displayed in relative to own ship on RM (relative motion) mode
and rrue vector is displayed on TM (true motion) mode.

CANCELLING PLOTS

Individual
Press [corresponding plot symbol key], CANCEL.

All
Press ALL TARGET, CANCEL.

e Note v |

When the presentation mode is changed or when the RESET touchpad is }
pressed in the Course-up Mode, the past plots and vectors are all erased
automatically. i
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PLOT DATA TABLE

The plot data display table, an example of which is shown below, shows data about plotted
targets and is located at the right side of the screen. To display the data about a target,
press a plot symbol touchpad followed by the SELECT touchpad. The data of three
targets can be displayed. To erase a target data, press the corresponding plot symbol key
followed by the SELECT touchpad.

Vector Time

Current vector time length is shown,
REL is displayed on RM mode showing the

relative vector and TRU is displayed on UECTOR TIME
TM mode showing the true vector. g@SMIN REL
Timer
‘ . . =
Elapsed time since plot updating is dis- LT@ Q (]
plaved in 1 second step. RNG 00.8 NM
BRG Q. Q@ TRU
Range/Bearing to Plot Mark gﬁ% z%% i S E-E[- L
Range and bearing to the last-entered plot ? 2 3 Q % % ) % mTN
mark are indicated. The bearing indication SCR P2 . @ NM
is relative to ship’s heading in the Head-up BCT a.a MIN
Mode, true relative to North in the North- SLOoT
up and Course-up Modes. .00 @
RNG ©@3.@ NM
BRG @@ .03° TRU
Course/Speed of Plotted Target CSE 000 .6"REL
Course and speed of target are displayed. SPD Qa.a KT
REL is displayed on RM mode showing the P A Y. N
. A TCPAa DB.Q@ MIN
relative vector and TRU is displayed on BOR 00 . 0 NH
TM mode showing the true vector. Note BCT D .9 MIN
that these indications are not updated dur-
ing plot intervals. PLOT
g 3og, L
RN L. nNM
PA PA BRG QQO. Q8" TRU
CPA/TC CcCsSE Q.3 REL
Closest Point of Approach (CPA) and ggg gg g P‘i;
Time of’ Approach (TCPA) are displayed Tepa 00.0 MIN
for the last plotted target. BCR 3. 3 NM
Note that the CPA/TCPA indications are BCT .8 MIN
not updated during plot intervals.

BCR/BCT

These indications show the distance and
time at which the target will pass own ship’s
bow. If a target is projected to cross own
ship’s stern, a minus (—{ sign will be placed
in front of the data for BCR.

Fig. 14 Plot Data Table

NOTE: If it is not required to display the data items CPA/TCPA/BCR/BCT, they can be
turned off by setting DIP switch S1 #4 on the AD board to the "ON" (OMIT) side.
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SHIP’S SPEED, SET & DRIFT INPUT

For true motion display and plotting, this radar requires speed input and gyro signal.
Further, for accurate true motion display, set and drift (ocean current) data are required.
Automatic Input

Press the LOG touchpad to automatically input ship’s speed signal from a log.

Manual Input
Press the MANUAL SPEED SET touchpad. Enter ship’s speed with the R [+/-]
touchpad. Press the MANUAL touchpad to register speed setting.
SET, DRIFT
. Press the SET, DRIFT touchpad to display the set and drift setting screen.

2. Set SET and DRIFT with L [+/-] and R [ +/-] touchpads, respectively.
3. Press the SET, DRIFT touchpad once again to register set and drift settings.

15



ECHO TRAIL

The ECHO TRAIL touchpad is used to plot the relative movement of targets to own ship,
simufating the afterglow in a lower intensity. Each time the ECHHO TRAIL touchpad is
presse:l the plotting time changes in the following sequence.

-~ 3 sec. -+ 1 min.—- 3 min.—- 6 min, —- continuous -- - off Wf——}

To change the plotting time indication, press the touchpad successively (no pause between
presses).

When the plotting function is turned on (for example, 30 sec. is selected) the trail of every
target starts extending and the on-screen timer starts counting up.

As soon as the timer counts 30 sec. it stops counting and thereafter only plotting is
continued. The trail of the target is erased from its oldest tip and only the last 30 sec.
rematns on the screen. (The afterglow is produced by memory read-write function with
fast-in, first-out basis over the selected time span. In the relative trail mode, the greater
the relative speed of the target, the longer the aftergrow.)

NOTE: If continuous plotting is selected, the timer continuously exists on the screen, and
it counts up from 0:00 to 99:59 and the trail extends continuously without being
erased.

If the range or presentation mode is changed while plotting is being performed, the
elapsed time indication is erased, informing the operator that the plotting mode is
suspended. Return to the previous range setiing/presentation mode to resume plotting.

To erase the traces, press the ECHO'TRAIL touchpad 19 seconds after the previous press.

Track of Target Target
fixed 9&3}'0(31 ,__ﬁrﬂ,s\gzlative track " true track

Fig. 15a Target Plotting Fig. 15b Target Plotting
(Relative Trail) (True Trail)

i True Trail/Relative Trail — l

True and relative can be switched by pressing the [SELECT] touchpad with
the [HM OFF] touchpad kept depressed on the Relative Motion mode. (True I
only for True Motion mode) ‘
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ECHO AVERAGING

The ECHO AVERAGE touchpad 1s used to suppress sea clutter.

Echoes received from stable targets such as other ships (not moving at a fast relative speed
to own ship) appear on the screen at almost the same position for every rotation of the
sweep. On the other hand, unstable echoes such as sea clutter appear at random,
sometimes making discrimination of target echoes difficult.

To distinguish target echoes from sea clutter this radar uses the scan-to-scan correlation
method. The scan-to-scan correlation method stores and averages successive picture
frames. If the echoisstable itis presented in its actual strength level. And if it is unstable
its brithance 1s suppressed, allowing you to discriminate targets from sea clutter.

F'o properly use the echo averaging facility it 1s recommended to first suppress sea clutter
with the A/C SEA control. Then, press the ECHO AVERAGE touchpad. There are
three ievels of correlation, corresponding to the number of picture frames to be corre-
lated, and the level in use is shown at the left side of the screen. Each time the touchpad
15 depressed the level of suppression changes in the following sequence. (Gyrocompass
must be connected.}

ECHO AVR1 ECHO AVR2 . ECHO AVR3 OFF

[ B [P [ JR——

7 (low level) (mid. level) (high level)

A) seu clutter: B) Echo Averaging ON;
ticho Averaging OFP sea clutter reduced

Fig. 16 Echo Averaging

Echo Average Usage Cautions - - oo

Echo average should not be used under the following conditions.

¢ speed difference between own ship and other ships is large

e own ship is pitching and rolling

® for receiving radar beacon
True echo average may be useful to detect stationary small targets while own
ship is running. True and relative can be switched by pressing the [SELECT)]

touchpad key with the [HM OFF] touchpad kept depressed. (True only for
True Motion mode)
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ECHO STRETCH

On long ranges the echoes of targets are displayed only as small pips, making them
difficult to see. To enhance target video on these ranges, press the ECHO STRETCH
touchpad. There are two levels of echo stretch, and each time the touchpad depressed
the indication ECHO STR 1 or ECHO STR 2 appears at the left-hand side of the screen.

The echo stretch function is etfective when the pulselength is 0.3us or longer, i.e., on the
3nm and longer ranges when the FUNCTION Switch is set at SHORT pulse, the 0.75 nm
and longer ranges at LONG pulse.

e [ [, Caution TR e P

The echo stretch function magnifies not only small target pips but also returns
from sea surface, rain and radar interference. For this reason make sure
these types of interference are sufficiently suppressed before activating this

function. 1

SECOND-TRACE ECHO REJECTION

Echoes from very distant targets may appear as false echoes (second-trace echoes) on the
screen, returning after the next transmission pulse has been transmitted.

[y —‘H H r];I;l)l(lSC ——[_1 I_I

Pulse ; :
Sweep /L_/L mamd  Sweep /] _—L
-\ s . r)
Echoéf/ Presented = \Not presented
(presented on the screen) on the screen. on the screen.
Second-trace Echo Second-trace Echo
Rejection mode inactive Rejection mode active

Fig. 17 Second-Trace Echo Rejection

To erase second-trace echoes, press and hold the INT REJECT touchpad while pressing
and holding the HM OFF touchpad. The pulselength indication at the top of the screen
appears in inverse video to inform you that the second-trace echo rejection circuit is on.
Note that the second-trace echo rejection is ineffective when the pulselength is 0.08. (The
pulselength indication appears in inverse video, however the rejection circuit is inactive.)

The rejection circuit may be turned off by pressing the HM OFF and INT REJECT
touchpads simultaneously.
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MARKING NAVIGATION FAIRWAYS & POINTS

NAVIGATION FAIRWAYS

A maximum of two navigation fairways can be electronically marked on the screen and
each fairway (line) may contain up to five corners.

Operating Procedure

1. Press either NAV LINE 1 or NAV LINE 2 key.

2. Using the trackball, locate the cursor on the L/L position desired for a point, and then
press the ENT key. Repeat this procedure to enter other points.

NOTES

e The on-screen distance between points must be at least 4mm.

e When more than five corners are entered the oldest point is erased to make room
for the latest point.

e The CANCEL key may be pressed within 10 seconds after pressing the ENT key to
erase the previous entered point.

e The appropriate NAV LINE key may be pressed during line entry to escape.

3. To erase a navigation line (fairway), press the appropriate NAV LINE key followed by
depressing the CANCEL key for more than 2 seconds.

Editing a Navigation Line

1. Press the appropriate NAV LINE key.

3

. Place the cursor on the point to be deleted. The point should blink.

()

. Press the CANCEL key to delete the point. (This must be done within two seconds
after designating the point.)

4. Place the cursor on the point to be entered, and then press the ENT key.

NAVIGATION POINT

Navigation points, for example, a buoy, a lighthouse, etc., can be marked on the screen.
A maximum of five points can be marked and each mark is assigned a number sequentially.

To enter a point press the NAV POINT key followed by ENT key. The point is marked
with the next sequential number and is connected to the own ship mark by a dashed line.
When new point is entered, the previous point disappears from the screen, but still
registered in the memory.

The registered point can be called in the screen one by one by pressing the NAV POINT
key.
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When the radar is turned on. the heading mark is displayed. The north mark is also
displayed if a gyrocompass is connected. When the heading mark or north mark masks
or hinders recognition of @ smalt target echo, press and hold the HM OFF touchpad to
remporarily erase them. Refease hold to redisplay them.

BRILLIANCE CONTROLS

Controls are provided to adjust the brilliance of the CRT, alphanumeric indications,
legends, etc. Most brilliance controls (touchpads) are located at the left-hand side of the
display unit, except for the CRT brilliance-adjusting control which is located to the right
of FUNCTION switch.

Fach brilliance-adjusting touchpad provides four levels of brilliance; dim, medium, bright
and oft. Lach time one of these touchpads is pressed the brilliance changes in the
aforementioned sequence.

CRT

The BRILLIANCE control adjusts CRT brightness. Adjust it so thatradar echo blips may
be observed clearly.

Heading Mark

The HM touchpad may be used to adjust the brightness of the heading mark.

Plot Symbol
The PLOT SYMBOL touchpad controls the brightness of the plot symbols.

Data
The brightness of data readouts may be adjusted with the DATA touchpad.

Cursor

The CURSOR touchpad controls the brilliance of the cursor.
Ring

The RING touchpad controls the brilliance of the range rings.

Mark

The MARK touchpad controls the brightness of the VRM, EBL, North Mark and Guard
Zone.

Paneil

The PANEL DIM touchpad may be used to adjust the brilliance of the control panel,
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SUB PANEL CONTROLS

The sub panel located at the front of the display unit (precessor unit) contains various
controls not normally used in every day operations. Access to these controls may be made
by pulling the knob of panel lid.

— ANTENNA Switch

DEICER switch

INTERSWITCH

—— =
—— a mem o

— . e
[ e — m

CHECK METER

‘— GYROCOMPASS-ADJUSTING CONTROLS

ANTENNA Switch
This switch turns the antenna radiator rotation on and off.

DEICER switch {(when optional deicer is incorporated)

This switch turns the deicer on and off.

INTERSWITCH (when optional interswitch RJ-6 is incorporated)

This switch selects the cross configuration between two radars or independent radar
operation. Refer to the table on next page.
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GYROCOMPASS-ADJUSTING CONTROLS

North-up and Course-up presentation modes require the compass signal in step-by-step
or synchronous form. This adjustment is requied when the radar is not synchonized with

the gyrocom{pass. When the external A-D Converter AD-10S is used, the adjustment is

made on its front panel.

1. Press the HOLD switch to disconnect the computing circuit from the gyrocompass.

[

reading at the upper right corner on the screen.

3. Press the HOLD swich again to engage the radar circuit with the gyrocompass (HOLD
lamp will go off). If the gyro reading on the screen ("CSE") deviates from the compass

reading, adjust it with the UP or DOWN switch.

CHECK METER

Magnetron current, MIC detecting current, and output voltage of power supplies can be

checked with the check meter.

. Press the UP or DOWN switch until the compass reading is duplicated on the "CSE"

Position of Selector Switch

Normal Reading
on Check Meter

Remarks

-12V (output voltage)

+ 12V (output voltage)

+ 5V (output voltage)

MAG. C (magnetron current)
TUN (tuning status)

DI1. M (MIC detecting current)
-12V (for scanner unit)

+ 12V (for scanner unit)

6-8
6-8
6-8
4-8.5
5-10
6-8
6-8
6-8

(0.25-mile range, ST-BY
0.25-mile range, ST-BY
0.25-mile range, ST-BY
48-mile range, TX
48-mile range, TX
0.25-mile range, ST-BY
for TR-up type radar only
for TR-up type radar only
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FI1G. 18A SUMMARY OF CONTROL

FUNCTIONS

EBL
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RADAR Y RASAR [ |

- ON touchpad

This touchpad may be pressed to display an EBL.

: OFF touchpad

This touchpad may be pressed to erase an EBL.

- INDEX LINES touchpad

This touchpad turns the electronic parallel cursor on and off.

- OFFSET touchpad

This touchpad offsets and resets the origin of an EBL.

: TRUE REL touchpad

Pressing this touchpad alternates between true and relative
bearing readout in the head-up mode.

: ROTARY knob control

This control maneuvers the EBL's.

These keys select the radar to be used.

“HM touchpad

Thistouchpad controls the brilliance of the heading marker.

-PLOT SYMBOL touchpad

The brilliance of plot marks and vectors is controfled by this
touchpad.

RING touchpad

Press this touchpad tu acjust the brilance of the range
fings.

DATA touchpad

The brilliance of alphanumeric dala may be adjusted with
this tolichpad.

CURSOR touchpad

This touchpad controls the brilliance of the cursaor.

- MARK touchpad

The britliance of the VRM's, EBL's, Guard Zone and North
Mark is controllable with this touchpad,

PANEL DIM touchpad

Press this touchpad to adjust the briliance of the touchpad
panel.
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: FUNCTION switch
This switch is used 1o set the radar in ST-BY, select pul- L
selength and enable checking by the performance monitor, [
NOTE: When set to “PERF M" position, the radar transmits |
on long range even if the performance monitor is not |
connected.

: BRILLIANCE control
This control adijusts the briliance of the CRT.
: TUNE control
This control tunes the receiver; adjust it to display the
longest tuning bar.
" A/C RAIN control
Rain/snow returns may be suppressed with this control.
: A/C SEA controf
Sea surface returns may be suppressed with this contral,
: GAIN control
This control adjusts receiver sensitivity.

* RANGE SELECTION touchpads
These two touchpads select a range.

VHM

- Lu | ON touchpad
7 Press this touchpad to display a VRM.

- OFF touchpad
This touchipad may be used to erase a VRM,

- INDEX LINES SET touchpad
This 1ouchpad is used to adjust the range between the
parallel cursor lines.

@ : ROTARY knob control

- Rotate this control to maneuver the VRM's.

it] 1+ NAV LINE touchpads
- These touchpads are used to enter and erase navigation
iines (fairways).

Fi| : NAV POINT touchpad
w This touchpad, when pressed, enters a navigation point.
=
- f’_m_j : Eh!TEFi 10uchpad‘ o o _
> This touchpad registers a navigation line ar navigation point

into the memory.

: CANCEL touchpad
Pressthistouchpad to erase a navigation point or navigation

)

L
L |
‘f \ Z - TRACKBALL
f {/ The trackball maneuvers
j J; NEXT PAGE the cursor
r@ SELECT touchpad

TR
Imn}

Presentation mode is selectable with this touchpad.

-CU, TM RESET touchpad
rless s L(‘)u(:!'lpacl (0 MAnysity rellirm own shin mark o
screen center (CU Made). or 1o aiocation 50% of the range
in use {TM Mode).

TM AUTO RESET touchpad
This touchpad turns the own ship mark recentering function
onand otf

'"("  SHIFT touchpad

Pressing this key offsets the sweop ongln within 50% of the
range of the use.

L line.
- @‘Qj . A/C AUTO touchpad
This touchpad turns the automatic clutter reduction circuit
. onand off.
@TJ . INT REJECT tuochpad  IR1 ~ 3
~77  Thistouchpad turns the interference rejection circuit on and
off.
st - ECHO AVERAGE touchpad ECHOAVR1~3
Sea surface returns can be suppressed In three levels by
this tauchpad.

%ﬂ”.J ECHO STRETCH touchpad ~ ECHO STR 1 ~ 2
Press this touchpad on long ranges to enhance target
detection ability.

[vi2] - ECHO TRAIL touchpad
L_‘T: This touchpad, when pressed. piots the trail of all targets.
112} HM OFF touchpad

Press and hold this touchpad to erase the heading marker
., and north marker. Release hold to redisplay them.

i |55 - CURSOR DATA touchpad

J" Thistouchpad, if pressed when the cursoris displayed. turns
_the cursor data display on and off.

L {%.p) - ORIGIN MARK touchpad

== This touchpad turns the origin mark on and off

3] SET RESET touchpad
ol 7 Press this touchpad to enable setting and resetting of the
s guard zone.
2| Jwexx © ACKN touchpad
This touchpad may be pressed to temporarily deac
L livate/reactivate the guard zone.

T
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INPUT

LOT

LOG/MANUAL touchpads

These touchpads are used to enter ship’s speed auto-
matically or manually.

MANUAL SPEED SET touchpad

' Press this touchpad to enable manual input of ship's

speed.

: SET, DRIFT touchpad

This touchpad is used to enter set and drift of ocean
current.

‘TRUE VECTOR/REL VECTOR

These touchpad are not used for radar operation.
(effective only for ARPA display)

: + /- touchpads

These touchpads are used to enter numerical data for
ship’s speed. set and drift and vector time.

: PLOT MARK touchpads

The mark inscribed on a plot mark touchpad is marked
on the screen when the touchpad is pressed.

*PLOT touchpad

Press this touchpad to begin plotting.

: CANCEL touchpad

Press this touchpad to cancel plotting on individual tar-
gets.

:ALL TARGET touchpad

This touchpad cancels plotting on all targets.

:VECTOR TIME touchpad

This touchpad is used to set vector time (in minutes).

*SELECT

This touchpad is uUsed to display data about specified
targets.

:ACQ touchpad

This touchpad is not used for radar operation.

Fig. 18B SUMMARY OF CONTROL FUNCTIONS
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1

2

ORIGIN —~ INDEX LINES
+ CURSOR DISTANCE
RNG 00.0 NM 00.0 NM
BRG 000.0° TRU
5 6
MANUAL SPEED(R) SET(L) DRIFT(R)

00.0KTS

000°T 00.0KTS

Fig. 20 INDICATIONS IN BOX AT LOWER
RIGHT-HAND CORNER OF SCREEN
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NAV LINE 1

NAV POINT 1
RNG 00.0 NM

BRG 000.0° TRU




APPLICATION

In this section minimum and maximum ranges for target detection, radar resolution, range
measurement, false echoes and radar plotting are discussed.

MIN AND MAX RANGES FOR TARGET DETECTION

MINIMUM RANGE

When the radar is used as a collision avoidance aid, the minimum detection range is of
urgent concern. Itisvery dangerous for a target to disappear when it approaches the ship.
The minimum range is primarily determined by the height of the antenna (vertical beam
width of antenna) above the waterline.

MAXIMUM RANGE

The maximum detecting range of the radar, Rmax, varies considerably depending upon
several factors such as the height of the antenna above the waterline, the height of the
target above the sea, the size, shape and material of the target, and the atmospheric
conditions.

Under normal atmospheric conditions, the maximum range is equal to the radar horizon
or a little shorter. The radar horizon is longer than the optical one by about 6% because
of the diffraction property of the radar signal. The Rmax is given in the following equation.

Rmax =22 x ( vhl + Vh2 )

where Rmax: radar horizon (nm)
bl:  antenna height (m)
h2:  target height (m)

Horizontal
T ':::‘“\\H\_ﬁ__ line
Earth’s surface -
Fig. 21 Radar Horizon

For example, if the height of the antenna above the waterline is 9 meters and the height
of the target is 16 meters, the maximum radar range is;

Rmax = 22x (V9 +V16)=22x(3 +4) =154 nm

25



RADAR RESOLUTION

BEARING RESOLUTION

Bearing resolution is the ability to display as separate pips the echoes received from two
targets which are at the same range and close together. It is proportional to the antenna
length and reciprocally proportional to the wavelength. The length of the antenna
radiutor <hould be chosen for a bearing resolution better than 2.5° (IMO Resolution).
This condition is normally satisfied with a radiator larger than 1.2m (4 ft).

RANGE RESOLUTION

Ranye resolution is the ability to display as separate pips the echoes received from two
targets which are on the same bearing and close to each other. This is determined by
pulsciength only. The usual discrimination range is 22.8m (25 yd) on a 0.08 microsecond
pulse.

BEARING ACCURACY

One of the most important features of the radar is how accurately the bearing of the target
can be measured. The accuracy of bearing measurement basically depends on the nar-
rowness of the radar beam. However, the bearing is usually taken relative to the ship’s
heading. and thus, proper adjustment of the heading marker at installation is an important
factor in ensuring bearing accuracy. ‘T'o minimize error when measuring the bearing of a
target, put the target echo at the extreme position on the screen by selecting a suitable

range.

RANGE MEASUREMENT

Mcasurement of the range to a target is also a very important function of the radar.
Generully, there are two means of measuring range: the fixed range rings and the variable
range marker (VRM). The fixed range rings appear on the screen with a predetermined
interval and provide a rough estimate of the range to a target. The variable range marker’s
diameter is increased or decreased so that the marker touches the inner edge of the target,
allowing the operator to obtain more accurate range measurements,



Occasionally echo signals appear on the screen at positions where there is no target or
disappear even if there are targets. They are, however, recognized if you understand the
reason why they are displayed. Typical false echoes are shown below.

MULTIPLE ECHOES

Multiple echoes occur when a short range, strong echo is received from a ship, bridge, or
breakwater. A second, a third or more echoes may be observed on the display at double,
triple or other multiples of the actual range of the target as shown in Fig. 22. Multiple
reflection echoes can be reduced and often removed by decreasing the gain or properly
adjusting the A/C SEA control.

———— / True echo
— /
s

Multiple echoes

Fig. 22 Muitiple Echoes

BLIND AND SHADOW SECTORS

Funnels, stacks, masts, or derricks in the /—\
path of the antenna may reduce the inten- /_\
sity of the radar beam. If the angle sub- L '
tended at the scanner is more than a few
degrees, a blind sector may be produced.
Within the blind sector small targets at
close and long ranges may not be detected.
See Fig. 23,

RADAR PEDESTAL

RADAR MAST

Fig. 23 Blind and Shadow Sectors
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SIDELOBE ECHOES

Every time the radar pulse is transmitted, some radiation escapes on each side of the
beam, -~ called “sidelobes”. If a target exists where it can be detected by the side lobes
as well as the main lobe, the side echoes may be represented on both sides of the true
eche at the same range, as shown in Fig. 24, Side lobes show usually only on short ranges
and from strong targets. They can be reduced through careful reduction of the gain or
proper adjustment of the A/C SEA control.

N
U Target A

)

Target B

i
5]

?Target A

Target B

(Spurious) % Target B (True)

Fig. 24 Sidelobe Echoes

VIRTUAL IMAGE

A relatively large target close to your ship may be represented at two positions on the
screen. One of them is the true echo directly reflected by the target and the other is a
false echo which is caused by the mirror effect of a large object on or close to your ship
as shown in Fig. 25. If your ship comes close to a large metallic bridge, for example, such
a false echo may temporarily be seen on the screen.

Fig. 25 Virtual Image
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POSITION FIXING WITH RADAR

RADAR RANGE

The simultaneous measurement of the ranges to two or more fixed objects is normally the
most accurate method of obtaining a fix with radar alone. Preferably at least three ranges
should be used. However the use of more than three range arcs may introduce excessive
error because of the time lag between measurements, i.e., you will be moving as you take
SUCCessive measurements.

When obtaining a fix, it 15 best to measure the most rapidly changing range last because
of asmaller time lag in the radar plot from the ship’s actual position. For greater accuracy,
the objects selected should provide urcs with angles of cut as close to 90° as possible.
Small, isolated, radar-conspicuous fixed objects whose associated range arcs intersect at
angles approaching 90° provide the most reliable and accurate position fixes. Objects at
longer ranges are less accurate for position fixing because they may be below the radar
horizon and because the width of the radar beam increases with range.

To fix your position, first measure the range to two or more prominent navigational marks
which vou can identify on the chart. Next, with a compass sweep out the ranges from the
charted positions. The point of intersection of the arcs is your estimated position.

Fig. 26 Position Fix Using Range

RANGE AND BEARING

The advantage of position fixing by range and bearing is the speed with which a fix can be
obtained. A distinct disadvantage however is that this method is based upon only two
intersecting position lines, a bearing line and range, obtained from two points of land. If
possible. the object used should be small, isolated and identified with reasonable certain-

ty.

29



To fix your position using range and radar bearing, measure the relative bearing of the
target with the EBL, noting the exact direction of the ship’s heading when doing so. Next,
make allowance for compass deviation (true or magnetic) and find the true bearing of the
target. Sweep out the range to the target with a compass on the chart and plot the true
bearing of the target. The point of intersection is your approximate position.

ship's
heading

N

irue bearing
'Si" S| of target

-

Fig. 27 Position Fix Using Range and Bearing

TWO BEARINGS

Generally, fixes obtained from radar bearing are less accurate than those obtained from
intersecting range arcs. The accuracy of fixing by this method is greater when the center
bearings of small, isolated radar-conspicuous objects can be observed. Similar to posi-
tion fixing using range and bearing, this method affords a quick means for initially

determiining approximate position. The puosition should then be checked against other
means o confirm reliability.

Position tixing using two bearings is determined by measuring the relative bearings for
the two targets and then determining their true bearings. Plot the two bearings on the
chart; the point of intersection of the two bearings is your approximate position.

r ship's

true befring heading

of target A true bearing

" of target B

Fig. 28 Position Fix Using Two Bearings
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MAINTENANCE

Good performance depends on regular maintenance. Following the recommended main-
tenance checks prescribed in this section will not only prevent unexpected malfunctions

but will also lengthen equipment life.

Before beginning maintenance work, be sure to switch off the radar at the main
switchboard. When checking inside the units, wait for a few minutes until the high

voltage components (CRT or HV capacitors) can discharge the residual charge.

Interval | Check Point
3108 Exposed nuts
months | and bolts on

i scanner unit

Scanner radiator

Check/Measures

Check for corroded or
loosened nuts/bolts.

if necessary, clean them and
repaint thickly.

Replace if heavily corroded.

Check for dirt or cracks on
the radiator surface.

Thick dirt should be wiped off
by using a soft cloth
immersed in fresh water. If
radiator is cracked, apply a
slight amount of sealing
compound or adhesive as a
temporary remedy, then call
for repair.

7 Vﬁémérks

* Sealing compound may be
used instead of paint.

* Put slight amount of grease
on new nuts and bolts.

* DO NOT use plastic solvent
(acetone) for cleaning.

* If removing ice from the
scanner unit, use a wooden
hammer or plastic-head
hammer. Crack on the unit
may cause water ingression,
causing permanent damage
to the circuits inside.

Terminal boards
and plugs in
scanner unit

Open scanner cover to check
terminal board/plug
connections inside.

Alsc check the rubber
packing of the scanner cover
for wear.

When putting cover back in
position, be careful not to
catch flying wires between
cover and unit.

CRT screen

Dust of dirt on CRT creates
symptoms identica! to poor
sensitivity. Clean CRT
surface carefully.

Use a soft cloth with a slight
amount of anti-static-charge
spray. NEVER USE
PLASTIC SOLVENT.




Interval Check ltem Check/Measures Remarks

-

6 months | CRT anode and High tension on CRT | * lf the rubber cap or

to 1 year approach attracts dust in wire sheath is
environment, and cracked, ask your
maist dust will cause dealer 1o replace
poor insulation. damaged part.

ASK YOUR DEALER
TO CLEAN ANY HIGH
VOLTAGE PARTS.

Terminal boards, Check for loose
sockets and plugs connections.

Check contacts and
plugs for proper
seating. etc.

NOTE: To rotate the antenna in ST-BY, make a short circuit between J435 #1 and #2
on pch DTB-8425 (in processor unit). Note that the "ANTENNA" switch in the
sub-panel of display unit (processor) 1s disabled when a short circuit between J435
#1 and #2 is made.

LIFE EXPECTANCY OF MAJOR PARTS

Parts [ Type Life Expectancy Remarks
1 Scanner Motor | BM-8123 gears: more than wind speed 40mys
approx. 10000 hours 1
RM-8124
RM-8247
2 Magnetron gM752 or 2000 ~- 3000 hours
M5187(F)

+ nominal value
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TROUBLESHOOTING

Whenever you suspect the radar 1s not functioning properly, turn it off and check plug
connections on p.c. boards. If plug connections are secure, proceed to the Trouble
Finding List beginning on the next page. [f a board is found to be faulty, replace it or call
for service. Do not attempt further component check on any p.c. board. Careless
handling may permanently damage the board.

. ™
CAUTION

There are many high tension points in the radar system. Take special care
when approaching the following parts.

i. Power supply circuit (Processor Unit)
2. CRT circuit (Display Unit)

. Modulator circuit & Magnetron (Transceiver Unit)

-




Operation

Symptom

Check Point

Remarks

Turn Power

Panel does not light up at

. Blown power fuse

a3 e o

! distiayed

on and any touchpad setting F1, F2.
adjust panel (other than OFF}).
brightness 2 Mains
with PANEL "
voltage/polarit
DIM ge/p ¥
touchpad
P 3. Power Supply
Board
4 Nlumination lamps
Adjust CRT Nothing appears on the 1. CRT * If CRT heater is lit, CRT
BRILLIANCE display. is normal.
control. 2. CRT voltage
3 RCPFU Board
After ST-BY Scanner is not rotating. 1. Detective antenna * Press the relay reset
i appears {S7-BY indication is drive motor relay button
. begin tran: continuously displayed ) {thermal relay K2)
Eomittisg * Check that antenna

2 0TB-g42s switch is on.
3 Anienna drive
mechanism
Murks, ete are not + AD Board
2. RCPU Board
Continued




Operation

Symptom

Check Point

' Remarks

Adijust GAIN
control with
A/C SEA
control set at
minimum.

Marks and legends
appear but no noise
nor echo.

. IF amplifier

. Multicore cable

between the
scanner and
display

. Video Amplifier

Board

* Check continuity and
isolation of coaxial cable
{Note: Disconnect the plug
and lugs at both ends of
coaxial cable before
checking it by chmmeter.)

Marks, legends and
noise appear but no
echo.

{No transmission leak
appears.)

. TX fuse F801

{Transceiver Unit)

. Magnetron
. Modulator Board

. Modulator Trigger

Board

. Modulator SCR

. AD Board

* |f fuse is blown replace it.
if it biows again the
magnetron or modulator
circuit may be defective.

* Check magnetron current
with the check meter in the
sub panel.

Sweep rotation is not
synchronized with
antenna rotation.

. Bearing Signal

Generator Board
(Scanner Unit)

. Gyro Interface

. AD Board
Incorrect bearing of . AD Board * The message “HD SIG
picture. MISSING” appears on the
RCPU Board screen when heading

nulse is not received
during ST-BY.

[
)

Continued




Operation

Adjust TUNE
control.

Change
range.

Activate Int.
Rej. circuit.

Activate Echo
Stretch.

Operate
RING
touchpad.

Symptom

Pooar sensitivity

Radar picture

does not change.

Int. Rej. not
performed
{interference
rejection level)
not displayed).

Echo Stretch not

performed
(*"ECHO STR”
net displayed).

Range rings are

not displayed.

S W

LT S

| Check Point

2. Detuned MIC

3. Dirt on radiator face

1. Defective RANGE
touchpad

2. AD Board

3. RCPU Board

4. Mother Board

1. Bad contact of
touchpad

2. AD Board

3. Mother Board

1. Bad contact of
touchpad

2. AD Board

1. Bad contact of
touchpad

2. RCPU Board

1. Deteriorated magnetron

* With the radar transmitting

Remarks

on the 48nm range, check
magnetron current with the
check meter. If the current is
below the normal value,
magnetron may be

defective.

. * Check MIC detecting current
with the check meter. If it is
below the normal value, MIC
may have become detuned.

If any touchpad is not operating properly, first suspect poor contact.
is good contact, the CPU Board or RCPU Board may be defective.

Defective Touchpads

36




LOCATION OF PARTS

MOTHER BOARD MBD-8393 {——————ﬁvxnso AMP BOARD VDA-8336
PRESET BOARD —
PST-8432
(CHECK METER BOARD {*~4"~———f“‘CRAM BOARD 18P8297
CM-8437 BEHIND)
l | ————— AD BOARD  18P8293
|
INTERFACE BOARD b
INT-8426 i | RCPU BOARD 18P8292
\\ \ : ~——— AFE BOARD 18P8294
RJ BOARD RJ-8427 - -
(FOR OPTIONAL o ALIM BOARD 18P8295
INTERSWITCH) v b {“
VL = ACPU BOARD 18P8296

|

1

N Photo No 27 ;7

DISPLAY UNIT
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POWER SUPPLY BOARD (1)
PTU-8250

POWER SUPLLY BOARD (2)
PT-8179 THERMAL RELAY K2

(FOR TWO-UNIT TYPE RADAR ONLY)

LINE FILTER FLI

TERMINAL PCB /' RELAY K1

DTB-8425 ;/ TERNIMAL STRIP XK-1

%GYRO SWITCH BOARD
CG-4137

i POWER PROTECTOR BOARD (2pcs.) GYRO INTERFACE BOARD
PCT-5141 GS. 03P6856

DISPLAY UNIT (PROCESSOR UNIT LOWER PART)
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! DEFLECTION

CRT _
— - BOARD
CRT ;
SOCKET BOARD ;
NoSnorto N 24TE
DISPLAY UNIT (CRT MONITOR)
KEY CPU BOARD PANEL-V BOARD PANEL-L BOARD

PA-8350 PAV-8346 PAL-8347

NPt i07 ARPA PANEL BOARD
TRACKBALL \ PAA-8348

DISPLAY UNIT (KEYBOARD)
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IF Amp Assy

Circulator

MIC -
"

J601

Jgo1

Mod Trigger Board
(RF-5144)

N Phote No, 23720

Pulse Transformer
SCR //—. /r-MagnetrOn Lead Wire
/ /

Magnetran

Fan Motor

Modulator Board N Phoio Mo 2371
(MD-7083)

RF Module
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SCANNER MOTHER
" B8Ol

CAPACITOR €801 ——___
(FOR SIGLE- —

PHASE POWER) MOTOR SWITCH

5802

CONNECTOR — ;:iiu_q__m"‘_
P601/801 /

SCANNER UNIT (STERN SIDE)

HD SIG SWITCH
5801

- STB-3
P
CR3001 7 R i
(FOR DE-ICER, / v . TB-8163 BOARD
OPTION) s
- ~=—-— RTB-801
5 N RTB-2
MP-8161 BOARD »*““"””ﬁ'

SCANNER UNIT (FOR 3-PHASE POWER SUPPLY)
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-
e

REED SWITCH ~-
5801

—
—

ﬂﬂﬂﬂﬂ TB-8163 BOARD
MPT-8226 BOARD —-——mncie e RTBBOL
e -~ STB-2
MP-8161 BOARD — B
BP-8162 BOARD ™™ e ~ STB-1

SCANNER UNIT (FOR SINGLE-PHASE POWER SUPPLY)
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PARTII

ARPA Display & Operation



FIGURE 1t ARPACONTROLS

PART 1I
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ARPA/RADAR touchpad
This touchpad turns the ARPA system on and off. When the
ARPA system is off only the radar functions.

AUTO ACQ touchpad
This touchpad alternates manual target acquisition mode
and automatic target acquistion mode.

Automatic Mode: 20 targets are acquired automatically
and/or manually.

Manual Mode: 40 targets can be acquired.

LOST TARGET touchpad
Press this touchpad to turn the lost target alarm off.

AUDIO OFF touchpad
This touchpad silences the audible alarm.

CPA TCPA SET touchpad
This touchpad is used to set the Collision Aiarm.

GUARD RING SET touchpad
Press this touchpad to enable construction of a guard ring.

TRIAL touchpad

This touchpad is used to enable the Trial Maneuver func-
tion.

SPEED touchpad

Press this touchpad to enter Trial Speed.

DELAY TIME touchpad

This touchpad is used to set the Delay Time for a trial-
maneuver.

TRIAL RUN touchpad

Press this touchpad to show the trial situation.

LINE touchpads
The touchpads LINE 1, LINE 2 and LINE 3 touchpads are
used to select a limit line to be displayed or erased.

MINI ACQ touchpad
The MINI ACQ touchpad is used to eliminate false acquisi-

tion of sea clutter.

FIX ON LAND and FIX ON SHIP touchpads

These touchpads are used to fix a limit line in range relative
to own ship or land.

LINE ENT touchpad

This touchpad is used to set the points desired for a limit

line.
ILINE DELETE touchpad

Press this touchpad to delete a fimit fine.

HISTORY touchpad

Pressing this touchpad displays time-spaced dots marking
the past positions of any targets being tracked.
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LOG and MANUAL touchpads
m These touchpads are input selectors and permit selection
of either manual speed input or automatic speed input
=y {from log).
s ‘,:i‘!’% MANUAL SPEED SET touchpad
=l “@ This touchpad enables manual input of speed.
g1 SET, DRIFT touchpad
@ This touchpad enables presetting of current set and drift.
% Jo | TRUE VECTOR and REL VECTOR touchpads
These touchpads are used to select true vector display or
relative vector display.
+ || + | DATA ENTRY touchpads
These touchpads function to enter data for set and drift,
= speed and vector length.
&
NUMERAL touchpads
r Touchpads 1-10 may be used when you desire to distin-
guish acquired targets with symbols.
PLOT touchpad
This tauchpad does not function in the ARPA system.
= CANCEL touchpad
2=} This touchpad may be pressed to delete an acquired tar-
S get
% <o ALL TARGET touchpad
o| U Press this touchpad to cancel tracking on all targets.
E VECTOR TIME touchpad
a3 This touchpad enables selection of vector length.
SELECT touchpad
The navigation information for any tracked target is dis-
L played by pressing this touchpad.
ACQ touchpad
23] This touchpad turns the manual target acquisition mode on
\. and off.
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DESIGN CRITERIA

CRITERIA FOR SELECTION OF TARGETS FOR TRACK-
ING

The FURUNO ARPA video processor extracts target echoes in the radar signals and
discriminates the echo size. Target whose echo measurements are greater than those of
the largest ship in range or tangential extent are usually land and are displayed only as
normal radar video. All smaller ship-sized echoes which are less than this dimension are
further analyzed and are tracked and displayed as small circles superimposed over the
radar echo. The closest 20 targets within 0. 3 to 32 nm are analyzed and the closest 20
are selected for tracking and display. (Forty targets are available in the manual acquisi-
tion mode.) The other targets are monitored continuously and if a target’s range
decreases so that it is closer than one of the 20 being displayed, the farthest target will
be deleted and the closer target displayed. This analysis occurs continuously.

When a target is first displayed, it is shown as having zero true speed but develops a
course vector as more information is collected. In accordance with the International
Maritime Organization Automatic Radar Plotting Aid (IMO ARPA) requirements, an
indication of the motion trend is available after 1 minute and full vector accuracy is
achieved after 3 minutes of plotting.

A weak intermittent echo, such as a wooden boat in a heavy sea, may be seen on the radar
but may not be immediately acquired and tracked by the ARPA. The ARPA will
automatically acquire and track such a target when it becomes strong and consistent. An
echo is accepted as quantized video when it is returned four times with no more than five
scans misses between each returned scan. Targets sheltered by land or beyond limit lines,
even though visible on the radar PPI, will not be acquired and tracked. Targets sheltered
by land or beyond the limit lines may require approximately one minute after coming
into the acquisition area or at a range shorter than the limit line before acquisition and
tracking will occur.

Manual

Manual acquisition is available between 0.3 and 32 nm regardless of the target situation
{sheltered by land or beyond limit lines).

QUANTIZATION

The entire picture is converted to a digital form called "Quantized Video." A sweep range
is divided into small segments and each range element is "1" it there is radar echo return
above a threshold tevel, or "0" if there is no return.
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The digital radar signal is then analyzed by a ship-sized echo discriminator. As the
antenna scans, if there are three successive radar pulses with 1’s indicating an echo
presence at the exact same range, a target "start” is initiated. Since receiver noise is
random, it1s not three bang correlated, and it is filtered out and not classified as an echo.

The same is true of radar interference. Electronic circuits track both the closest and
mast distant edges of the echo. At the end of the scanning of the echo, the discriminator
indicates the measured maximum range extent and total angular extent subtended by the
echo. If the echo is larger than a ship-sized echo in range extent and/or angular width,
adjusted as a function of range, it is declared to be a coastline and the closest edge is put
into memory as a map of the area. This land outline is used to inhibit further acquisition
and tracking of ship-sized echoes beyond the closest coast outline. Three successive
scans of coastal outline are retained in memory to allow for signal variation. All smaller
echoes are declared to be ship-sized and the middle of the leading edge 1s used to provide
precise range and bearing coordinates of each echo on every scan. This range/bearing
data is matched to previous data and analyzed from scan-to-scan for consistency. When
it 15 determined to be as consistent as u real target, automatic acquisition occurs and
tracking is initiated. Continued tracking and subsequent calculations develop the rela-
tive course and speed of the target just as a man would do when plotting the relative
course and speed of the target on the scope with a grease pencil.

The true course and speed of own ship are computed from own ship’s gyro and speed
inputs, and the resulting course and speed of each tracked target is easily computed by
vector summing of the relative motion with own ship’s course and speed. The resulting
true or relative vector is displaved for each of the tracked targets. This process is updated
continually for each target on every scan of the radar.

SUPPRESSION OF ACQUISITION IN CERTAIN AREA

When vessels enter and leave ports, where traffic density increases significantly, a large
advantage can be gained by a system which uses discriminator type, all area, automatic
acquisition. Near shore, discriminator auto-acquisition is far superior since ship-sized
echoes are distinguished from receiver noise, other radar signals, random sea clutter,
and farge land echoes. The performance of auto-acquisition is enhanced when manually
controlled Limit Lines (Suppression Line: are used. These lines reject all auto-acquisi-
tion and tracking at ranges beyond the lines. This allows the operator to select the
particular area around own ship where fully antomatic acquisition plotting is desired. It
also allows selection of a specific tracking zone when there are too many echoes for the
ARPA to plot simultaneously with full accuracy. Inan area along a shoreline which has
many small eraft, buovs, etc. limit lines can allow targets of no interest to be rejected.
For some shorelines, particularly sandy sloping ones, radar land returns are broken up
and look like many ship-size echoes. These numerous echoes can "full” the automatic
acguisition system and divert some of its plotting capacity.

A limit line positioned between own ship and the shore inhibits this wastage and makes
better use of the data processing capacity available. The limit Jines are gyro stabilized
and fixed in range to own ship or land as selected by the operator and thus do not need
frequent adjustment.
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QUALITATIVE DESCRIPTION OF TRACKING ERROR

The FURUNO ARPA accuracies comply with or exceed IMO standards.
OWN SHIP MANEUVERS

For siow turns there is no effect. For very high turning rates (greater than 150°/minute,
dependme on gyro; there isseme ntleence on all tracked targets which last for a minute
or o gnd then ofl rracked targets revert 1o full accuracy.

OTHER SHIP MANEUVERS

Parget stup courses fap 15 w0 3 seconds 1f high relative speed, or 3 10 6 seconds it low
(neer Oy relative speed.

Fris fes< accurate during o turn due to lag. but recovers accuracy quickly.

EFFECT ON ACCURACY

SEA RETURNS

Itorodar snu-ciutien s adjusted properly. there s neglhible effect Distant wave clutter,
not affected oy Ant-Cluiter See controi adjustment. s filtered out by three ban
corretition ahd seon-te-scah matehine of data

1)
o

RAIN

Chitter ean be acquired and tracked and wilt appear as many targets near own ship.
Adpist the Anu-Clutter Rain controf. It it is heavy rain, switch to S-band 1f provided, or
switch on the mierfercnce rejector on the radar. If heavy clutter still exists, switch to
Mt ual soguisition, Accuracy can he aftected.

SNOW

Similar to Ramn,

LOW CLOUDS

Usually no effect If necessary, adjust the Anti-Clutter Rain control.

NON-SYNCHRONOUS EMISSIONS

Nao effect
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LOW GAIN

Bisuthcient or low radar receiver gain will result in some targets not being acquired at
the maximum detection range. ARPA display will be missing one or more targets that
ceetid e seen if the radar gain were mcereased. The setting of the correct radar receives
guir i not eritical hut the target should be on the radar PPI and be clearly visible and
welh defined at least once in every three radar antenna scans. The ARPA will acquire o
radar echo that is present once in every six antenna scans and continue tracking if 1 in
16, Experience has shown that even though the echo is displaved with a consisiency
greater than this, the actval video echo return does not have this consistency. The
brightening and apparent targets on the radar display are the result of the BRIGHTNESS
coeptrol setting and PPI phosphor excitation,

SECOND TRACE ECHOES

When the radar beam is super refracted, strong echoes may be received at such long
ranyes 1nat they appear on a different timebase sweep than the transmitted pulse. This
gives anmngcorrect range indication. Second and third trace echoes can be tracked it they
are consistent enough to meet acquisition and tracking criteria but target course and
speed data will be inerror,

BLIND AND SHADOW SECTORS

Radar shadow or biind areas caused by obstructions aboard ship, i.e., funnels, mast. ete.
i the path of the radar beam can result in reduction of radar beam intensity in that
particular direction. This may eliminate the detection of some targets. The ARPA
system will {ose track of targets shortly after they are lost on the radar picture and if thev
remain i a blind zone. These targets will however be reacquired and tracked when they
pas- out of the blind zone and again present normal radar echo. The angular width and
hearing of any shadow sector should be determined for their influence on the radar. In
cerraln cases false echoes in the shadow sector cause the ARPA svstem to acquire, track.
and vector them. Shadow sectors should be avoided.

INDIRECT ECHOES

A target at close range is usually picked up directly, but it can also be received as a
reflection from a large, tlat surface. This will result in the radar presenting two or more
echoes on the PP 1 display each at a different range. The ARPA will track the true echo
at 1t correct bearing and range and also the false echo if it is consistent and provides an
echo at least once every 6 scans to acquire and once every 10 scans to sustain tracking.
Reduction in radar GAIN can eliminate the multiple echoing but care should be taken
as range detection also will be reduced.
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RADAR INTERFERENCE

Most radar frequency interference, though clearly visible on the radar screen, docs not
aftect the ARPA function. If interference is extreme due to another radar operating at
cinse range, spiral "dotting” and/or false targets may appear momentarily. The inter-
ferenee rejector can clear the display.
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OPERATION

OVERVIEW

ARPA information is generated by the processor unit and displayed on the radar screen.
There are three blocks of touchpads which are concerned with the ARPA function:
ARPA_INPUT and PLOT blocks.

In the ARPA section, there are three basic functional groups of touchpads (ALARM
ACK, SUPPRESSION AREA and TRIAL MANEUVER). You will notice that there
are two shapes for the touchpads: the shape of a touchpad where the operator may
directly make a selection is different from the others, and two such touchpads are paired,
e.g., LOG/MANUAL at the top right of the keyboard.

The INPUT block is used to enter data which the processor unit requires to make speed
and course calculations for targets acquired. The letters "L" and "R" mean that the [ +]
and |-] touchpads "Left" and "Right” would be adjusted, respectively.

The PLOT block is used to process ARPA-selected targets and display ARPA informa-
tion,

For each function selected, the keys are grouped in the manner of a flow chart. For
example, when you depress either the [LINE 1], [LINE 2] or [LINE 3] touchpad, the next
touchpad that would be pressed would be either the [FIX ON LLAND]}, {FIX ON SHIP]
or [LINE DELETE] touchpad.

The function of each touchpad is explained below.

SYSTEM FUNCTIONS

[ARPA/RADAR]

This touchpad enables or disables the ARPA presentation on the PPL.

[AUTO ACQ]

Target acquisition can be selected to be either automatic/manual or manual by means of
this touchpad.
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ALARM ACQ FUNCTIONS

[LOST TARGET)]
When a lost target is detected, the target symbol will begin flashing and the audio alarm

Is released. To acknowledge the lost target, press this touchpad. Then the lost target
mark will disappear and the audio and visual alarms will be turned off.

[AUDIO OFF]

There are various cases that trigger the audio alarm in the system, i.e., collision alarm,
intrusion into guard ring, etc. This touchpad is pressed to stop the audio alarm.

ALARM FUNCTIONS

[CPA, TCPA SET]

Both the projected Closest Point of Approach (CPA} and Time to CPA (TCPA) of all
tracked targets are monitored continuously. It the CPA of any target is calculated to be
within the CPA range limit and is also within the TCPA limit, both audio and visual

alarms are automatically activated. The setting of CPA range and TCPA is carried out
after pressing this touchpad.

[GUARD RING SETY]

It a target broaches the boundary set by the guard ring, the buzzer sounds and the
GUART RING lubel hghts up. This touchpad is used to preset the guard ring radius.

INPUT FUNCTIONS

[LOG] and [MANUAL]

This is an mput speed seiector and permits selection of either manual speed input or
automatic speed input (log). The selected input is displayed on the screen.

[SET, DRIFT]

This tonchpad is used to preset "Set” and "Drift.” The set and drift corrections may be
uscd to increase the accuracy of vector data.

[MANUAL SPEED SET]

This touchpad is used to change the menu on the data readout for manual input of speed.
The preset speed data is shown digitally on the readout.
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SUPPRESSION AREA FUNCTIONS

[LINE 1], [LINE 2] and [LINE 3]
These touchpads select one of the Limit Lines to be displayed or to be erased. The

operator may utilize the Limit Lines (maximum of three lines) to eliminate targets of no
interest (i.e., land breakup, localized rain clutter, anchored ships, buoys).

[MINI ACQ]
This touchpad is used to eliminate false "acquisition" of sea clutter., Within the range

set, no new targets will be acquired. A double ring shows the area affected by the setting
chosen. For the manual acquisition mode the range is fixed at 0.3 nm.

[FIX ON LAND] and [FIX ON SHIP]

These touchpads are used to fix a limit line in range relative to the own ship or land.
(The [FIX ON SHIP] touchpad is inoperative for Norwegian flag vessels.)

[LINE DELETE]

Depressing this touchpad deletes the Limit Line selected.

[LINE ENT]

The Limit Line is entered by selecting two desired points. This touchpad is used to enter
these points (Limit Line) after using the trackball to select the desired point on screen.

PLOT (TARGET) FUNCTIONS

[SELECT]

The navigation information for any tracked target is displayed on the data readout by
depressing this touchpad.

[ALL TARGET]

This touchpad selects all targets being tracked so that they may be deleted collectively.

[CANCEL]

Pressing this touchpad deletes the target(s) selected by the trackball or the [ALL
TARGET] touchpad.

[ACQ]

This touchpad may be used to acquire 4 target manually.
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TRIAL MANEUVER FUNCTIONS
[TRIAL]
Depressing this touchpad changes the menu of the data readout for a Trial Maneuver.

[SPEED]

To set the Trial Speed, press this key.

[DELAY TIME]

To set the Delay Time for the trial maneuver, press this touchpad.

[TRIAL RUN]

Depressing this touchpad shows the trial situation.

DISPLAY FUNCTIONS

[HISTORY]

When this touchpad is pressed, the ARPA system will display equally time-spaced dots
marking the past positions of any targets being tracked.
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The following is a list of the ARPA symbols used in the ARPA presentation.

Table 1 ARPA Symbols

item Symbol Location  Display . Remarks

' Conditions

N
“v

O

acquisition

~ 3 min. after

acquisition

targets in coltlision
- course, blinking

~colliston course ack-
"~ knowledged

lost target (within
3 min. after acqui-
sition) , blinking

lost target, blinking

T Cursor 4 itrackball Sillumination adjustabie,

i ‘location fixed size

Own Ship e L/l position  displayed fixed size

Mark _of own ship ' continuously

Manually en  ontarget | until SO sec. fixed size

Acquired S after acquisition

Targer
TR between 50 sec.
vl to 3 min. after
cector

Auto-
maticaity
Acquired
Targe:

~ A

N

wECTar

On farge!

until SO sec

alter acguisition

from 50 sec. to 3 min.
after acquisition

3 min. after acqui-
sition

targets in colllision

course, blinking

collision course ack-

- nowledged
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Item 'Symbol | Location | Display Remarks
: Conditions ;
Auto- N lost target (within |
matically e ' 3 min. after acqui- |
Acquired sition), blinking
(‘gjjffjf) O lost target, blinking
Guard 4 designated size according to radar
Ring -sme  location range
Minimum /‘\ : designated size according to radar
Acquistion m - location range
Range ‘
| 1 -
Maximum | ———=== ' 32/24 mile ' manual acquisition ° size according to radar
Acquisition | - range mode Crange
Range | f
32/24 mile . automatic acquisition’
range, “mode
1 selectable
Fimit Line 'mor T designated “size according to radar
=% location | range
Target j/,(fghiz marks at fixed size
Sclecung 7 7 s pear target .
Target Tt 2+2 selected on - fixed size
Selected targel :
intrusion V on target fixed size
Into Cin guard
CGuard Ring riny _
Trial T dispilayed u fixed size
Maneuover “bottom of
- PPl
History of
Fargets ;
Piot o on target | fixed size
Swmbes -
‘.
L
0
> 5
| |
11
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START-UP PROCEDURE

The following sequence of events will serve as a guideline for start-up of the ARPA
systerm.

1. Press the [ARPA/RADAR] touchpad to turn the ARPA systems on. ("ARPA" appears
on the screen.)

When the power to the gyrocompass is not turned on, the radar is not turned on, or speed
log data is not entered (for example, speed log is turned on, but own ship 18 stationary),
an error message "RADAR FAIL" will appear.

2. Adjust panel illumination by pressing the [PANEL DIM] touchpad.

3. Adjust the brightness of the data readout by operating the [DATA] touchpad.

4. Select the radar to be used.

S. Set gyro heading.

6. Sct ship’s speed.

If speed log is connected, press the [LOG] touchpad in the INPUT selection group. To
enter the speed manuatly, follow the steps below.

1) Press the [MANUAL SPEED SET] touchpad and adjust the [ +], [-] touchpad "R" to
set ship’s speed, observing the "MANUAL SPEED" menu on the readout. If the
INPUT selection is for LOG, the entered speed is disabled for the ARPA calculation.

2) Press the [MANUAL] touchpad to register speed data.

When the speed log data is in error due to tide current, for example, and manual input
of speed is inconvenient, the "target based speed” mode, described below, may be useful.
Note that this mode is effective for the ARPA function mode only.

Target Based Speed

1) Find small (isolated) ground mass on the screen, such as a small island, a lighthouse,
the tip of a cape, in 0.3 to 32 mile range.

NOTE: The processor calculates the own ship speed from the own ship movement
relative to the center of the stationary target. If the target presentation is
unstable or its contour changes easily, correct speed can not be obtained.
Also, do not select a large ground mass or long coast line as a target.
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2) Move the "+" cursor onto the selected . y
target by maneuvering the TRACKBALL. / _!k/

3) Press the  MANUAL SPEED SET] touch- S
pad for more than 2 seconds. A base tar-
get mark appears on the cursor crossing e
and the own ship data display changes a )
from "LOG" or "MANUAL" to "REFER- e
ENCE." However, for the first 50 S
seconds, the own ship speed is held to the e
value just before the mode changes.

4) After 3 minutes, the appearance of the base target mark changes from broken line to
solid line.

5) To escape from the target based speed mode, press the [MANUAL SPEED SET]
touchpad again for more than 2 seconds. When all targets are deleted, the base target
mark also is deleted and the target based speed mode is cancelled.

NOTE: When the target used for target based speed calculation is lost or it goes
out of (1.2 to 32 mile range, its base target mark blinks and the speed
readout changes to asterisks, to indicate ARPA data is unreliable. Quit the
target based speed mode and, if necessary, select another stationary target.

Other controls not mentioned in steps | through 6 above may be adjusted to the
operator’s preference or to suit the existing conditions. Provided the ship’s radar is
operating properly, the ARPA system is now ready for use.

AUTOMATIC ACQUISITION OF TARGETS

AUTO +MANUAL appears on the screen when the automatic acquistion mode is
selected.

ACQUISITION RANGE

Under automatic acquisition, targets within the acquisition area are automatically ac-
quired and tracked. Targets thus acquired are marked with a broken circle. Three
minutes after acquisition the broken circle will be replaced by a solid one to indicate
complete acquisition. The range for automatic acquisition is between 0.3 and 32 nm but
the minimum range may be limited by means of the minimum acquisition ring, as
described in the section of "Minimum ACQ."
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However, if there are more than 20 targets within 32 miles, the system will automatically
track only the closest 20. A circle of double ring shows the maximum acquisition range
on the PPL. This circle automatically expands and contracts depending on the range of
the farthest target acquired by the CPU.

MANUAL ACQUISITION OF TARGETS

Manual acquisition is possible in any function by using the following procedure.

1. Rotate the TRACKBALL to place the cursor over the desired target.

2. Press the [ACQ)] touchpad. The target so acquired will be marked with a thick broken
circle symbol. (If acquistion could not be made the circle blinks.)

Targets consistently received for three successive antenna scans are marked with a circle
symbol. If not, acquisition fails and the target mark will also disappear. Manual acquisi-
tion is available between 0.3 and 32 nm.

If an important target automatically acquired is nearing the suppression area, it can be
changed to manual acquisition; thus the target can continue to be tracked beyond the
limit line. The ARPA symbol will change from a thin circle to a thick circle upon
selecting the manual acquisition. Details of the Limit Line are described on the follow-
ing page.

The manually acquired target can be marked with one of 10 plot symbols for easy
identification. Select the target by " +" cursor and press a desired plot symbol (numeral)
touchpad followed by [ACQ] touchpad. (ARPA plot symbol mark enlargement feature,
which is turnud on and off by internal DIP switch, lets the operator enlarge a plot symbol
for five seconds by pressing a plot symbol touchpad.)

The following describes the typical uses of manual target acquisition.

ACQUISITION OF TARGETS IN A NARROW CHANNEL

I own ship is in narrow and restricted waters, the automatic acquisition system will
eventually saturate because of the close-in land echoes. At this point, when the channel
is about 1/3 mile wide or less, acquisition should be switched from automatic to manual.
In the manual mode, the channel ahead can be very narrow, yet ship echoes in the
waterway dead ahead can be manually acquired by the watch officer and tracked with fuil
accuracy and response.

AT TARGET SWAP

When an acquired target nears another target, tracking may be "swapped." When the
two acquired targets near each other, one of the two may become a lost target. Should
this happen, manual acquisition might be required after the two targets separate.
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DELETING A TARGET

To delete a target that is being tracked, rotate the TRACKBALL to place the cursor ( +)
over the target to be deleted and depress the [CANCEL] touchpad. When the cursor is
placed correctly over the desired target, a flashing cross mark "X" will appear on it.

To delete all targets being tracked, depress the [ALL TARGET] touchpad followed by
the {CANCEL] touchpad. In the AUTO ACQ mode, acquisition is automatically
regained after four successive radar scans.

MINIMUM ACQUISITION RANGE |

The target acquisition is done between (1.3 nm and 32 nm.
The minimum range covered by automatic acquisition can be increased to eliminate
auto-acquisition near own ship.

Marual acquisttion can still be done inside this circle and targets automatically or
manually acquired outside the circle will continue to be tracked through the area inside
the circle.

Use the following procedure to set the minimum acquisition range in the AUTO ACQ
mode.

I. Adjust the radar sweep brilliance te 709 of the control range and the sensitivity with
the [(GAINT control for slight tevel of background noise.

i

- Adjust the [ANTI-CLUTTER SEA] control to suppress sea clutter without eliminating
small, close 1n targets.

3. Press the [MIN ACQ] touchpad.

4. Adjust the [ + ], [ -} touchpad "R" to set the minimum acquisition ring (double ring just
hevond the sea clutter area).

LIMIT LINE

The ARPA system has a facility to suppress acquisition in certain areas for automatic
target acquisition modes. The area of acquisition is shown on the PPI by three chord
flines {calied "Limit Line"). In the following situations, the Limit Line may be used to
advantage.

1) When vessels enter and leave ports, where traffic density increases significantly,
manual acquisition of echoes has been shown to increase the radar observer’s work
load by a considerable amount.

2) In an area along a shoreline which has many small craft, buoys, etc. (In other words,
in a zone where there are too many echoes for the ARPA to plot simultaneously with
full accuracy.)
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The Limit Line containing up to five corners can be placed at any position from own ship
by repeating to enter points as follows.

1. Press the [LINE 1] touchpad.

2. When the ARPA system is energized, the FIX ON LAND mode is selected. To

change the mode, press the [FIX ON SHIP] touchpad.

~ CAUTION | )

! |
| The limit line should not be used as a nav line nor |
' to mark a shoal, wreck or any underwater object in |
| FIX ON SHIP mode. For Norwegian flag vessels,

' this switch is inoperative.

!

FiX ON LAND

When the [FIX ON LAND] touchpad is selected, the limit fine is gyro stabilized and fixed
in range relative to the land and thus does not need frequent adjustment,

This function is useful to reject tracking of geographically fixed objects, such as landmas-

SC

<. The limit lines will not move on the PP with the movement of own ship (When in

the TRUE MOTION mode).

FIX ON SHIP

In this mode, the limit line is fixed relative to own ship.

-
3

rA

&

. Rotate the TRACKBALL so that the cursor { +) 1s placed at the point desired. Then,

press the [LINE ENT] touchpad. The number corresponding to the LINE touchpad
depressed will appear on the screen.

. Rowate the TRACKBALL to move the cursor to a location to which a limit line is

desired to run from the first mark position. Press the [LINE ENT] touchpud and a
hime will join the two selected locations.

Muove the cursor to a location to which a line is desired to run from the last entered
point. Press the [LINE ENT] touchpad and a line passing over the cursor position is
drawn from the last entered point, making a corner.

Repeat the above procedure to make a limit line containing corners (max. 5 corners).
Press the {LINE 1) touchpad to complete the setting of limit line.

Repeat steps 3 thru § after pressing the [LINE 2} and/or [LINE 3] touchpuads for
another limit lines.

Do not forget to press the corresponding [LINE ], [LINE 2] or [LINE 3] touchpad to
tinish the each limit line setting.

7. To delete a Limit Line, press the LINE touchpad corresponding to the line number

desired followed by depressing the [LINE DELETE] touchpad for more than 2

seconds.
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PLOT SELECTION (VECTOR PLOT) |

The ARPA system provides a choice of either a True or Relative vector plot. Depressing
the touchpad [REL VECTOR] or [TRUE VECTOR] changes the selection and the
selected function is shown on the screen.

REL VECTOR

The relative motion plot provides the simplest, most accurate display for quick identifi-
cation of all threatening surface targets and assessment of collision risks.

In the relative motion mode, all stationary targets are shown with vectors equivalent to
own ship’'s speed on a reciprocal course to actual own ship’s course.

TRUE VECTOR

The true motion plot shows target aspect and the relationship to all displayed ships.
Although own ship speed and course errors affect the displayed aspect on the TRUE
motion plot, the projected relative feature position 1s correct.

VECTOR LENGTH

The {[VECTOR TIME] touchpad is used to select an interval scaling for vector lengths.
Any time in (.5 minute increments from 30 seconds to 99 minutes may be selected. It
can be extremely valuable to extend either true or relative vector lengths to obtain an
appreciation of TCPA’s and CPA’s for particular targets. The vector length selected is
indicated in the 2nd block from the top on the data readout.

ALARM FUNCTIONS

There are six conditions that trigger the audible and visual alarms in the system: a
Collision Alarm which warns you that a closest point of approach (CPA) and time-to-
CPA (TCPA), sclected by the operator, has been violated; a Lost Target Alarm which
warns you that there is no radar return from a tracked target; a Guard Ring Alarm which
warns you that a target has violated the preset guard ring; a Target Full Alarm to signal
that the target acquired manually has reached 20 (40 on manual ACQ mode) or that the
maximum acquisition range comes closer than within | mile of the minimum acquisition
range; a Radar Fail Alarm which is generated when there is no signal from the radar, and
a System Fail Alarm which warns you that the seif-check sequence of the system has
detected a failure.

COLLISION ALARM

The projected clasest point of approach (TCPA and CPA) of all tracked targets is
monitored continuously. When the CPA of any target is calculated to be within the CPA
range Hmit set by the [ +], [-] touchpad "L" and is also within the TCPA limit set by the
{ -+ 1, [-] touchpad "R," the automatic audio and visual alarms are activated. Land is
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discriminated against and does not falsely activate the alarm.

Note that this function is effective only for o target which has been tracked for more than
[ minute.

1. Press the [CPA, TCPA] touchpad.

- Set the CPA and TCPA limits by adjusting the [+]. [-] touchpads "L" and "R,
r\,spemve]y The data for CPA/TCPA is displayed digitally at the bottom of the
readout.

The CPA may be set from 0.2 nm to 10 nm in steps of 0.1 nm and the TCPA from 0 10 99
minutes in steps of (.5 minute.

3. Wher the CPA or TCPA limit is violated by a tracked target, the audio and visual
siarms are released. The target which violated the CPA or TCPA is marked with a
Blinking thick {automatically acquired rarget) or thin (manually acquired target)
tnangle. The alarm message "COLLISION s aiso indicated in the message window
on the screen.

4. Depressing the JAUDIO OFF] wouchpad will siternce the audio and the target mark
stops biinking.

LOST TARGET

A fost target 1s a target which has been previously ucquired and tracked but for which no
return has been received, or which has moved into an inhibited acquisition area (shel-
tered by lund or beyond limit lines), or for which the priority has become lowest in order
for the svstem to acquire a new target of higher priority.

When the system detects a fost target. the target symbuol will begin blinking and the LOST
TARGET visual alarm is displaved. At the same nime, the audio alarm 1s released for a
period of 2 seconds.

To acknowledge the lost target, press the [LOST TARGETY wouchpad. The lost target
mark will disappear and the audio and visual alarms will be turned off.

If the lost target is not acknowledged by the operator. the target svmbol will continuously

blink. And if the acquisition condition becomes satisfactory, the target will be re-ac-
quired and tracked.

GUARD RING

Wlien a target crosses the guard ring from outside. the buzzer sounds and the GUARD
RING visual alarm is displaved. Depressing the [AUDIO OFF] touchpad will silence
the buzzer sound. The intruding target is also visually identified by an inverted trianglc
svmbaol.

Targets outside the acquisition area or land at any place do not activate the alarms.
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1. To set the guard ring, depress the [GUARD RING SET] touchpad. The range of the
guard ring 1s displayed on the data readout during this function. If the guard ring is
not required, set the ring less than 0.7 nm.

-~

. Set the outer range of alarm with VRM rotary control.

3. Set left and right boundaries of guard ring with EBL No.1 and No.2, respectively. If
a 360° guard ring is required omit this step.

4. Press the [GUARD RING SET] touchpad to activate the guard ring. If a second guard
ring is required, repeat steps 1-4.

TARGET FULL (TARGET SATURATION)

The TARGET FULL visual alarm is displayed when the target acquired manually reach
20 (40 on manual ACQ mode) or the maximum acquisition range becomes closer than 1
mile of the minimum acquisition range (maximum auto-acquired targets, 20 in short
range).

The buzzer is not activated in case of target saturation. If there are too many auto-ac-
quired targets in a short range, remove unnecessary targets by using the limit lines. If 20
targets are already acquired, manually eliminate less important targets by using the
[CANCEL] touchpad.

SYSTEM FAILURE

The SYSTEM FAIL visual alarm is displayed and buzzer sounds 1 second when the
diagnostic self-check facility detects any abnormality in the ARPA processing circuit.

RADAR FAILURE

The RADAR FAIL visual alarm is displayed when a fault with the radar has been
detected (power to the radar is not turned on, the lack of heading pulse, bearing pulse,
trigger. video, gyro signal or speed log signal).

TRIAL MANEUVER

This function shows the likely consequences of proposed changes of own ship’s speed
and/or course.

When doing a trial, your own ship’s vector changes to the heading and reflects the speed
entered by the [ +], [-] touchpads. The new resulting CPA/TCPA can be read on the
screen. I that CPA/TCPA is unsatisfactory, various trial courses, trial speed and delay
time can be entered until a safe CPA is found.

Use the following procedure to simulate a trial maneuver. The maneuver is performed
without interrupting the updating of target information.

1. Depress the [REL VECTOR] touchpad. The relative presentation provides the
stmplest, quickest identification of all threatening targets and assessment of the

1
PART [I 8



collision risks.

2. Find a target which looks like it is on a collision course to own ship. Rotate the
TRACKBALL. to put the cursor ( +) over it and press the [SELECT] touchpad. The
selected target will be marked with a square symbol.

3. Depress the [TRIAL] touchpad 1o enter into the trial setting mode.

4. Depress the [SPEED] touchpad and adjust the [ + ], [-] touchpad "L" to enter the trial
speed. The speed entered is displayed at the lower section of the data readout.

)

. Depress the [DELAY TIME] touchpad and adjust the | +], [-] touchpad "L" to set the
time how many minutes later the maneuvering is started.

DELAY TIME

The delay time control sets the delay of the trial maneuver to start from 0 to 99 minutes
tater,

If the delay time is set for 5 minutes for instance, the APPA simulates trial maneuvering

starting in 5 minutes later, with using the preset data (including ship’s dynamic charac-

teristic data). Then the calculation result of the simulation is displayed for the selected

target.

NOTE: The ship’s dynamic characteristic data is preset by the technician. Refer to the
memo in the separate sheet "ARPA OPERATOR’S GUIDE".

OWN SHIP DYNAMIC CHARACTERISTICS

SPEED RATE KTS/SEC
TURN RATE |  DEG/SEC |

o Adjust the [ +], {-] touchpad "R" to enter the trial course. The label "COURSE" is a
mere indication and not a switch.

7 Depress the [TRIAL RUN] touchpad. While the trial situation is shown, the letter T
is indicated at the bottom of the PPL.

The trial situation is shown for one minute and the display will be automatically returned
to actual situation. The trial run can be suspended by depressing the [TRIAL RUN]
touchpad to avoid the automatic escape of trial mode.

During the trial situation, the trial speed and delay can be freely changed to find out the
safest course for own ship.

The CPA and TCPA resulting from the trial maneuver are automatically indicated.

R At any time, the trial situation can be changed w the normal display by pressing the
I'TRIAL] touchpad again.

NOTE: When the internal DIP switch S92 #2 (on PAV-8346 board) is set "ON," the trial
data (COURSE, SPEED, DELAY TIME) of the Trial mode can be adjusted by
the rotary encoders rather than [ +1], [-] keys.

COURSE -----mmmmeoeee - VRM rotary knob control
SPEED/DELAY TIME ----- EBL. rotary knob control
Note that the VRM and EBL can not be adjusted during the Trial mode.
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The information on any acquired target can be selectively displayed on the data readout.
Rotate the TRACKBALL to place the cursor { + ) over the desired target and press the
[SELECT] touchpad. For the target marked with plot symbol, press the corresponding
plot symbol (numeral) touchpad followed by [SELECT] touchpad. Thereafter, the
[SELECT] touchpad turns the data display on and off.

There are three windows for the data readout. The data readout in the upmost window
is continuously displayed, while the data readouts in the second and third windows are
changed to newly selected data on a first-in, first-out basis.

TARGET 1 = Target No. (or plot symbol)

RNG XXX NM = Range from own ship to target

BRG XXX TRU = Bearing from own ship to target

CSE XXX X2 TRU = Course of target (North reference)

SPD XXX KT = Speed of target

CPA XXX NM = Projected closest point of approach of target

TCPA XX MIN = Estimated time of closest point of approach

BCR XX X NM = Range at which target will cross own ship's bow

BCT XAX MIN =+ Estimated time at which target will cross ow ship's bow

NOTE: If a target is projected to cross own ship’s stern, a minus (-) sign will be placed
in front of the data for BCR.
Data items CPA/TCPA/BCR/BCT can be omitted if not required. Refer to page
14 in PARTL

HISTORY DISPLAY

By depressing the [HISTOR Y] touchpad, the ARPA system displays equally time-spaced
dots (quantity depending on internal setting; 5 (factory setting), 1 thru 50) marking the
past positions of any targets being tracked. An internal preset control permits the
adjustment of the time spacing of the dots between 0.5 and 99 minutes at I minute steps.
Newly acquired targets will have no dots and they may be viewed in true or relative vector
mode. One dot will appear every two minutes (or other preset time) until all are shown.
If a target changes its speed, the spacing will be uneven. If it changes course, they will
not be in a straight line.

To delete the past position plots, depress the [HISTORY] touchpad again.
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SET AND DRIFT

Set (direction of tide) can be manually entered in 1 degree steps by depressing the [SET,
DRIFT] touchpad and adjusting the [ +], [-] touchpad "L". Drift (speed of tide) can be
entered in 0.1 knot steps between 0 and 99.9 knots by the [ +], [-] touchpad "R". Values
entered are indicated on the ARPA data readout.

Set and drift corrections are beneficial for increasing the accuracy of the vector data.
The correction is best made on relative motion with TRUE VECTOR, watching
landmasses, buoys or any stationary objects. If these objects have vectors, the tide
direction and speed should be corrected until they lose the vectors and appear stationary.

[f the ship is equipped with a device to indicate ocean current movements, the values
shown on it can be used.
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SIMULATION DISPLAY (SCENARIO MODE)

The simulation display tests the ARPA processor for proper operation.

Simulation Display (Relative Vector)

Simulation Display (True Vector)

The above figures are the starting condition of the simulation display with the own ship
speed of 10.0 knots.
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1) As soon as the ROM/RAM check appears (after power is turned on), press [4]
touchpad followed by [PLOT] touchpad. The radar confirms each key input by
releasing one and three beep tones, respectively. Wait for a while until the simulation
display appears.

2) 1t takes approximately three minutes for all vectors to be displayed completely on the
screen. The simulation display does not need radar, gyro and speed log input, and
provides 7 targets on various courses and speeds. (The radar echo is not displayed.)
By entering 10.0 knots for own ship speed, navigation information for each target
should be as tabulated below.

TRUE RELATIVE
| Course Speed Range | Bearing | Course Speed CPA TCPA

Tuarget 1 45° 14.1 knots | 2.0 nm | 300.0° 90.0° 10,0 knots 1.0 nm 1(+.4 min.
Turget 2 o° 10.0 knots | 4.0 nm | 225.0° 0.0° 0 4.0 nm

Tatget 3 0° 0 50 nm | 340.0° | 180.0° 10.0 knots 1.7 nm 28.2 min.
Target 4 237.1° | 16.8knots | 6.0 nm 45.0° 216.5° | 23.8knots 0.9 nm 15.0 min.
Target 5 307.5° | 17.8knots | 8.0 nm 45.0° 273.5° 14.2 knots 6.0 nm 22.5 min.
Target 6 180.0° | 10.0knots | 100 nm | 00.0° 180.0° | 20.0knots | Collision | 30.0 min,
Target 7 15.0° 25.0 knots | 12.0 nm | 185.0° 24.6° 15.6 knots 4.0 nm 43.6 min.

3) The simulation continues for 5 minutes and then repeats.
To quit the scenario mode, turn the power off.

NOTE: ARPA operations can be conducted on the simulation mode as well as the normal
ARPA mode except for the following points.

1) The limit line does not affect the simulation display.

2) A deledted target can not be re-acquired manually due to no radar echo.
In this case, you will have to wait until the target is re-acquired automat-
ically.

PAET 11 23



FURUNO

(HO1 LJO

‘m.m JAdU-ADSZ o

GE)) LdL-A0O9

SELERPIVRIOASNY YL T

0 GE-JIAd

Tyrc |

Ge Qb da \;,T ¥

FURUNO ELECTRIC CO., LTD.

. | m _ @) |
1 i 1 T
I s
:H—n <
r
- > & - (75 WSz) SoL 0y | =2
T A NSRS E . MIIIAND) Dariy W
[ s ')
> NV ,“1_.? S - A gexzoy-gs & -ty
Yoy yooat 35 - ' -AATIS-0) 5
o e mm =
;- 03AIA - < g THO I v
beoaNg < g b Eses EW w:n:tm o =
b Ol - < g NELINAY B F-E @928 i TS S
L ) 9-19 0 W R LIS - LSS ARWOIDHAL ) )
AY1dSIO IAVIS 01 I ouo s Gl T A SUOAN YT e
- VR q - - I B4d Bt e Y =
N3 3 2V4-131}: P8YMY L g« m , Utor R ADGZ % - jrf L -
. an - - < N . 8-a10 H (d315) _ = B
! o ST
o -OND = 3
L < > M > : — w%l o G
H i N SR ‘ ISEVARLS ot S i
777 03AIA - - - g < Qa9 40 RS Y i
70N e (] /DAY ONNENS NVHL Y3HLO SHvavy 2 @
L LT el 04 Z0D-9FEE) ON Dm0 01 H34de | & <T
AVIdSIO 3AVIS 0L y77 0 OND e mm e 2l aNo- #3201 9EEE) L NG s !
R SR : B SR LY - V) RIS o kN SETW S ,
v 83 M/ BE (8 YORYTY L g - g« caal M MR T o U gag .
) N Sy NE - -~ B, | P i ~
SR TEEE T owl §IAAH-A0GTY zx_m&m/\won.,_uﬂn_ﬁ HS5e o0
o - ON9- - < NI ! <o
- (AN <O - N oImA - REEY | lroke zzygSEm |
+ _ 4 B 2ot [E7) . YEOS-MY -~ - k] TaBZEE |-
56 Gmun o ‘ .
€2f- - aNo--- wd
== =
Z I 1S e 11] H 3
96110 .XN | _mo ﬂw:‘ w SZLIAL w0 NI ¢
b 50 olL D)W AOSTY ,/m W ol
- 100 030TA 603 M SIETT
Lz e R e o
¢ w—p Ldame | Tw HZ
ot 2o W M
) w @
(IND L ONOD - ) N ¢ NHV o
. vens 9t} 100 d8 :
e 9IS 0301A {4] S o o= -y
R-A10 -9l ”
A18-8 VdS ‘ (531435 0087 *
g VS " Y /¥4 Z(I“w‘ww o
muuwfm VdS CIUA VY M 71008 HY 4, V)
3dvdS HND6Z 91 oMM E G @ ; W
(LHM) 357nd INAS . M 52
L 9dd HSVId OH — & BB - - — » B )
NY9-1-8 OND — —— Y- - -0z 0 Oy vy &g o
NYD-€ 3A N9 ————— Yoo —is 164 LINDEY 41 o T »@.HL > :
AdD LY. AV 1/d -V EBUL A £ @l - AosT g
IND AZL =~ AT} U Zh o L0019 oaer,  J
1HM-8 AT+ ———— AZL+ - 9t IO wSTE R
nig-g 0100 A6 ———— 0100 A6 - H5i 9z} 3001 mw&.;mm
DR P LOH A6 == LOH A6 - - GANES Hoon B RSS2,
N0 8. AVII V/d-8 BHAL Y/ [ 2781 o R [
7] 8l 00LIVH Kes8e3% o,
- Nug AHTXL —-— R g% 4 Lo 00LIVIL N&?WSWW o
L i . — T 2T
o 8-410 MmoE T AR o %
¢ LHM UND dLl —— ¥-ddl- 6 N3 Tt
- INd UMD OVW KO LA - 8 g 3 nea “ YR A
L (dd) ONINAL ———— il 1 s Husu - S
(e 1S58 ———— L1 S8W- 9 9 - Yulg 5
(N¥9-) R A % 5 HHlg .
AT OIYL XL — " 10Xy oy e 8
_ i vEs s Gaxy (VAN B
Sl S YAV >
‘ I_Bg LINOW 10 ——— -§ 1 \aghy 3 ¢ RN ) Oxt | S ::Z AVN @i
| E94rH0 7 | H OX1 - B %W il
(LR e E e e I95-AATIS 03 3 o
o
1-81y I pu— I,,
y NAES e £y z
-ﬁ* P - v Z1{09/05 ®t o D
Disscaas - e IVAGLL/0LL /001 >
<
Y-a10 e o >
) L ZH09/0S Q.0
| 8aun o L IVA0ZZ e
Tng
x<
. oo
1 a1 21109./05 s
Eo8L-NY ;| Pl IVAOYY
.»m L ) — . STidAdg o
: B SEIAd0- >c£ 40 GE-AIAdT A099» SOVTIIAADAOSTy :
B RVES — o o N 4 B or 709/05 | >
W @ JYAQOL - b b €2 0zh <4 - ! L YA00L i s
0L —— o AL IYAQOL R [74 7910 i w o
€-aLs " o ! o ZH09,05 # | ©
7410 - - "~ | :
“ 4 ; WANZZ/SW /00 &
. . vy
~ . |3 S = - i 1
( 6 oo = (MIPE IV UOLOW— - e (Z) Qo H ZHOS #E JVA00C |
-81S 8 -~ gl (APE IV YOLOW — 9 e - L 7HOY ®E JVA0ZZ
M T 9L INIPE IV HOLOW —- L ¥ S-a10 c :
e AT 9 - “ ¥ 7109 E IVA0YY
§ < VIS o e = , , 7105 #€ IVA0RE
% - MS YOLOW ~——— MS-g-3 —- & g3
+-81s £ - OND ey 5 g T 0 -
o e o, i ~ o )
z -—- 39vds i Hg TH 259Ny ;e P A0
p | —— VIS — L — e (14 m/ % wHFn“ N X
- ~ INE S— 2
1008 BTN AD99 16 Zh AT AW AGSTE 1810 VZ80-ddY f~ 3 8w o b 2 Z
0%00-8S4 Sy 6961 , HoY
6€00-95Y 280-dUOM [ L ED AEEEE iy i PE VAN e
- . K = -~ 1y
BE00 BSY LINO AVIdSIO R &SR
LINN H3NNVIS m_a N? m* v O R,mn.. O 2110
(=] ) x T Bd ) OOHC - il 1109/05
BHbD 1 2o |1 v PEIVAOY
o TH09/05
- e A A077/00)
. N o 21109,/05
- Lo b #LIYAGLL 0L

SE-IAAL-AOST Je
GE-INL AL ANGT s

¥
T




i
4 5 . 6 |
PCT J6 .
, st 2
. — p \k PTU J7 "
RARS = L -\ = | PIU L MBD J491
‘ .
SHP'S MAINS | 4/BTIDPCT-5%] IP% ] I U4/B5[PTU-8250 -l ( PTU 8 MBD 1492
| J 5 §PS
— oma : | (Ge/grlinTsezs]
ATBARA ] = T PONt2 § >r———— | t_“ g yavs T T a“'I N I I -
~OR DISP. & i (RN R L e PN 5 T gt e +50v> k—-Aj_J X TRIG o JBT;T i || e
- -] ‘ —; - >3 TRIG1 >——< 1 ¢TX TRIG . s | pes
TRANSCE[VER UNITS. T . =l T TRGETTE b eSUe o e MBS L5 2 <2 <185 L V1 PRIy pian] o
[ 100/410/ 15V AC LF210 = ! = 53 qob ; MBS T3 »——(3<MBE T MoTOR SW-3 |
1 50/60Hz — WiT] 22+ N6 *3 52 | Ps2 _ n e TUNE 5 b — b & TUNE | o436 %3¢ TRUE "RIG—)2
F7 2A 3 e N AV AP R — PWR = 1 > A o6 ' % _12V'?1 — P/L-AD 5 »——<S5&P/L-A Jab1 lPl;M M 1 «PON1 TRUE HD - 3 ——
=TT - : @ GND > 2 — 21 sy g&z%»—* P/L—B—)t; Hgipn.a PR 1 —A <2 TRUE BRG—»{;;—»MBD 472
R - @~ 555 ) e GND-'N\)_——A; STC 7 X7 ¢ STC GND 2 7—AM—x 3 ¢-PON2 CROSS—> 2 »——t
— i 54 ,{ — 5 & 1oy _a5>—‘; TX-3IGP 8 >—< 8 &TX SIG 53 = Dagyi GND-> & ——
T4/BBIDPCT 5141 R | 50— [ <ie4sy e D i FE O DR e
-: 1 %1 J6 BP26 TLRIEK 53 I ps3 —< 5 ¢GND +sov—>7 »—J . | 1l0 . niRe ~—< 6 «GND J428 lPhZB
- 3 o z ,—X 6 G-GND 1403 §Pe03p43 §J413 e VIDEO OUTD VDA J201
ZRRSARE FOR 12 v ‘ 12 arela S R ) o 76N 8 1 es MAG. (1 >——< 1 $MAG. 9 2 ;\rc ’
FOR SCANNER *1 WE300%E | T3 o D3 <8 ean 2V 1 5 TUN. M52 »—X 2 ¢TUN. M 9 v & 9 9 3
" *1 1 & T84 PON2->3 >—E—1—/ N TRV DI [ 9&V. BAT : . gz x 3 g &_E_3
MOTOR 1 L - S w ENDS & ‘ . +V->2 3 DI.M53 %—«3¢DL M 285> ofg%sTox
16 100VAC 50/60H7 .o i K2 1 HE3-DCT2Y i oMl 8 ] €3 zowasi— 0 mARE SN —E b F—<bé-nVE S BLTZTIEAT m GTETOEEE
220VAC 50/60Hzl11Vig el =G 'T’ *._—”"_, s 3 3 ! | 22330900 74 FREDS S CHVE T evweiel X SRVITY
36 200VAC S0Hz 2 Iy 2 - S0+ GNDSS 2 &, F | | 33398888 | | GND P X6 C6ND e N S
220VAC 60Hz M@aso 70 % 1 @ur_: VdAddid L.EW'% b 2 GVIVTLET } ?Z >—*£73<* rT—Y--‘r~¥¥»Y-Y->{ YN (—=>MBD J4T
BQOVAC S0Hz 6 196 . - = :Nf\‘/‘\ﬁ:'l‘; -- E:—-Nrr\(-: f—; —I j Lv—Nﬁ\stn'Ol\m —j I 29 >__<9§-_ | _[SLAVE | _[SLAVE |__ |
L 440VAC 60Hz s S TTTY g fY‘ g T § Z“TIT“{’L —J,q HD A2 10— ¢ HD AL DISPLAY - OISRLAY ;
<
XK1 | R Vo ' @»TLRM.;K ~ g SYNC P> 1 >—X 11 &-SYNC P :;1. <« << © B 1
plesh’ 00N s ‘ ! ; DR 97 K3 A% 1402 Ip‘og PMJ Jan I, <<d = T
T < T 8 b : 1 i IRRR N N GND= 1 < 1 ¢GND 3»%8%2_&_‘183%§§QQ$§3> I
TO SCANNER UNIT i 5298 298 s —— = ' 7 ) P ‘ ‘ : P&9T 2 ﬁﬁl‘Dlxﬂd TRUF_JHDé 23 X24TRUEHD = §§§$h$§&§§§++§§ HiE ! ‘
. E: ol e § USSR - S R A wii:if;iiié__l |
; ‘ bEs | | b B‘q SYNC. P> b »—4 €SYNC P oo PR LR A |
| m 05A MMF- T S GND 2 3 ——5 ¢GND =l Y‘\‘ YVY!T'T"Y TN \LT \LY b !
| ‘+‘ : 09A240H-R TX TRIGD 6 >——=6 < TX TRIG - | L l .
=) oM RO, S ; | o (17 GNDD 7 > 7 ¢-GND & o M 443
S— ‘ 7 —RE~ N v 3Lk 2 B hhkaoed 3 ehedd 2] i SANIDY PA 3x[[ﬂ(ikii[i ’
T T T T T T T T T ™ kekh F kA 3 krkkkkokA T oakkk k% i : CRRRNARAAX
o -1,t-!if\*lmmmtogﬂlw]@}%ﬂﬁ‘@!i{@!ﬁlﬁ!ﬂi%?{&ﬁQﬁqﬂ&“;}—vwmutmmywm.mg‘qg\_«qmt‘_f._ N . e S D~ o ..N,:\,J, __: F:m i J401 IPAm aunf un —— MmO @O 2T —
T o= —QuWoqgnuly S o ‘ > 538 = ecm ap D pp S ARARLNLN B NAANSL - NV N GND—»> 1 »——=< "1 «GND P T Dt et ARt bt ’“’54 PL45
235 WTSILOGE0TE+16 3% 2 28 28 xEROG 3 2z F2 32 2 IgQzez %9 2 TRUE HD-> 2 »——< 2 &-TRUE HD 2 S3XgoTyaes 30 A wotoRs
SN A o L& 5 x 29 <2 - < 2 28 8 7 S =2 0 i I 22 MOTOR SW.
= Ta ZX 5a = P D | DWCET N GND->3 »——=<3 &GND [ +{= R >3 > <
z222 2 2 @ T oLe == ) < < < < DeT z SYNC. P> & ——< b €SYNC P = 8 S
A nE Tx && L w & = ] * S GND 55 ~— <5 <GND v W o w | ET105A12
Ngg UA/B‘“!DTB 416 r - ﬁx x a- a ";‘ ._—g r -— ﬂ % X -—RIG_I_)é { 6 (—EX TRIG juu gu E 8 -15 #6001
— SEZ o _34L25 S 426 b= ( 4 T : >: < A 3 oL YY Z +12V 2 1 o,
I SE-. = L RU/RH> ' - N~ ~ 1 & RI/RH o EEIO0TPL0 - PLOGTI406 GND 7 x—=7 ¢-GND 50,9 9@l By LEQE +5vH 2 » | FOR OPTIONAL
2P0 TR =3 <n:cc§l&"uu‘ Lo | 39 >k | | <2« 3IM WAIT 3/C=2 1 »r—, .= <"1 «3M WAIT 3/A 58 e § & N R RN L M et I ke L= i o PC B
o xnba¥ _lluz%ag . n0<<<<DZaq s3] 34 RLY SW B/CD2 » -y - %2 € To2BSESIESXTY220Y RS N0 >3 v [ BPCB0ARD
g Zun S I=ree = R2/RL [ 3a / J = X2 €RLY SW D/A n RED | :
- DII=F NI = <aoaaXr-ZzZ 53> | | =<3 &RUR SASET 8/ 3 “i3e b v | pawl 419 Q S 4daaniE- ++580+ | AUE _ys 4 >
2 mEa "—NCLID.‘O.'LIH—P— +E+ 1 EGHAGENEES L e oot <BASE T D/A Phbh I sV v v bbb d s
2ol i e T i B R TR ot bR Bz S0 B/C 4 b= XL eSO /A GNDD Ol OO L e cemenon ool REARE 8B —
L Ll Pt s S e £ K s ol /SIN SIG= 1 > 12| —1 & /SINSIG UNE 8/C> 5 =~ "— <5 &TUNE D/A ARPA HDB 2 »>——=2 ¢ARPA HD XY Y N LYY LYY
\ Rl y S22 <2 e S PHI B/C5 6 x—~y|— <5 CPHI D/A a0 3 <3 GO 5[! THTTNJ T;“L;} o
, S1/SIN COM= 3 = =iz <3 & P/L-A B/CD T - b= X7 ¢P/L-A D/AA L ARPA BRG |3 S0 O W O T
3 —B0— =l SINCoM2 2> I X7 ESVSINCOM PLBB/CH8 = XBCPILBO/A GND3 S (S CG T }E 1 : )
; et — ! . I — N s e e G ety i
[ it elol el ol e el S N TR RR o s/00SSI63 5 |1 X5 TS2/008 SI6 iR 7€ B0 ) "-&i?ﬂmu/ﬁu NDST <74 8 e edeAek ok dddkxckee, |
- L H L H | i | i i A A S j \ 1 - ‘ O— = « 0
s $EE2-rPooo Bages SzgopawEozae ST 53/C05 COMS T > 2 & <7 e 5305 coM * i',‘; Sﬁ?i%: NI PRt 3¢ e R "—] !
— T n= i TZZ0 XX y X+ X e [ttt MR AR ALY
° §8gTdges)” JSTTT ! Se0ggssEes I o 116s2 +2B/C> B -~ 3¢ +120/A 2006 Doy 0P i R e PR b TN '
2x & Fagyg o SGa 26 1 e SpEED L0G H GND T or -~y i — < hEGND GND2 15— 1 ¢-GND Loz oy _cafp ¥ EE Ty I
== _E 2 é' IND = 15 or -~y +— K56 GND TRUE HD2 2 »—X 2 ¢TRUE HD §>9‘£%§--|‘—|"J;Z‘?+ RIS i {
T oW I f "¢ 3 ¢ SPEED LOG L +58/C>16 -1, —X6&+5 GND> 3 »—= 3 <GND :._12 = Yoz X < ;
| . ~ se 993 2525228 535 e 28/ -] j/—~<'7<—‘~%FF SYNC P> b < beSTNC P MmO rT L. 5¢ ¥
Sa 2a La zz238 2% cnnes  Azao 5 ¢ RADAR BUOY -x1est GND-D5 »——<5 ¢ GND z z - 5 2 Z G
; : : - aal zz88xx z84 et RA AR1/2B X 9¢./RADAR 1/2A .NT 5 =z = = 3 -
~ HEgus wy o ouy 3888 EEZ FaoomE =388 i 6 @GND 8x < CROSS D5 T SSEINLIRIG o 2 3 o i
v S5Zg8g 2Zo2g52g 22882 dwdg m eYuy oy /CRUSS-919>——- X206 B 7 7¢GND o b 2 =] ‘
4 ESZxZ 2E28z225E LLLU fa<xZ2 T e esdnwmen?Sam ; RADAR/OFF GND a a ) 2 S Ly
2 =0EE5 : —nwE-8~nl Ix4x Gl oaxx HhHhunoscxx Nunn l ) /RADAR DFF-—‘» 200 S 3 <x 3‘_9 > !
a [ T 7 T T T T = T T - - 1 .
LS e S oo e 25,2508 | SRR R Y |
= Y R N Y AN N == A— ! L v ' 3 FVEI VI Ve VELY X
A — T == B —mRe ToTIoeses | -—— === ‘
FAR] EXT. —EE = & —CFAR] | D YN Y ; r_ - -
‘ ARPA|  EZ8l Hoi35 A | " x BOXY ey vy v TR Ry
E] ‘Egl g P21e8 — . EA i ¥ . 0 DTB J415 R1, R2, S1~S3)
(o — - 581%\5 E_Q\g : g g ——— S 182 'i MB 4T3
- —= R | T T A ; RN _ _ > _ ittt o el el a el ’
O | ) . o L ot - el dng ”"’.""—,,‘? ST, R T "\ P l ! i [ H ,.../,_,_ '-’—,~,—’!/-”———/-,—’,—
2 ko 8 ek ok hokcdekdckn B kdkokokdbokk ok dk ok B adas B o
- T oAk )\}:KR)\)\A deddkkA @ kdok-k kxkkdhhkkkikkl R kxkxkk :m\ T, RRKAREALAR & oA kR AR R AR AR R RRAA
N COm~ino :vmm¢moh®0\9:§ﬂ$ﬂ£,‘?228— wwmcmchm0~°“‘“‘@ﬁ’£;‘."'~:;€iﬁg—-—qumox\mmQg‘ﬁf‘!!;!‘;l_\g‘l:gggg—*‘Nm¢mﬂbmmOPNm4m\Dl\®O\°
U8/B1 RJ-8427 g PaPEan § SRLALAPADARIAIIATRNT g SPALARASARRALIISN S 5 SO AR AN NNRR DTN E M“?’M‘—@‘P‘?‘M‘??“"‘*"‘;X;‘?‘_‘
= Z= Z3=3 —<('m'~cxo31"§%zm°‘n:m =gagefaag- 88223893 .‘.—(“§<<<<(‘ 382258 TEYuguwuuulYYdggud Ya
+ 55 SLontwrT®OZz27 1565+ 7aN 2 Pwr<odgut YEE Y TulE, TELRws <oNgut T55 ) Yl S E- RQu=<afgu 550 u O
+ZE ez qa Tt I oY izy! Z2++90+ i@ LpwWET I UZ s 99 Ly < EFL R ETogYT 55 Titoqu |
et A= LS. = 2> 2t5002522 5505 =Lu+Sa aonZaT T 138 ZPHYSELLeZacr Y SESd
- EEa o - 2F x REga — aa pX % = HZEa ~ aa o8 - 3 LEs F aa’3x 27%° l
F *xMIFAORT R, NOTE *1: NOT USED FOR FA-2800 % i I~z ool g
20 BRIZRI MO8 0B (RBIR I MTEL), 2 - BROKEN LINE SHOWS CONNECTION FOR RADAR i FA/FR/FAR-2800 SERIES 211=-A"
SRIEMTRIEHESCRB S B INTERSWITCHING CONFIGURATION RJ SPEC). APPROVED ! A«A, f) TITLE w N A= o
420181, J410-.82, J425-83, j406- 184 a) CONNECTION IN DISPLAY 'WITH RJ-8427 B0ARD. NEBH(HERHREEREK
DRI MTRIERE S TR B MR 1620-1606, Je10-1625 ) CoR0-181, J10- 182, JaZo- 183, JuDe- 0% , # | 1/2)
. | h i T
CCHERIEBERC RSO B IR BT, COMNE stglo N IS P?t:f\oYJEZJS SPEQ) WITHOUT RJ-3427 CHECKED PROCESSOR UNIT
*Slizylgghmﬁmﬁ%i ARFR. o 531 IS ADDED ONLY WHEN RJ-8427 B0ARD IS ¥ 3 -7 3@ % 323 -
LT NAEB k(TS M RO AR AT S, 'NCORPORATED.  *3 - USED FOR TWO UNIT-TYPE RADAR. S (2R331_K10-F
- 4 : WHEN DEICER IS INSTALLED. DRAWN © 3.7z DWG.NO. £3337-K10-

FURUNO ELECTRIC CO,, LTD.




FURUNO

; S -1
2 3 4 5 6 !
\ U3 J303 DISPLAY)
o <52
PTU JS MBO 149 ) U3 J301, 302 (DISPLAY)
P 2 —_MBD 493 NE -
oIV MBD 491 ? —
;B jg MBD J492 ; s Uk/B14
j Y P201] 201 YDA-8336
- - < ¢ VIDEO
(UL/B13[MBD-8393 ] | | LQ.Z < GND
pa72 | Ja72 J492 p:.9z| PLTLY JLTH 1482 7 P4B2 P05 5205 |
<1 &TUN. IND. +5» 1 — | IIN—1 ey j) ‘ : ZésgA v.
<2 & TRUE TRIG. +55 2 | 1Mk 2 eaND
X3 € TRUE D HESE R I NEDE J81 |P481 2202 | 1202
INT Jutg <—1BO J472 ¢4 ¢ TRUE BRG $55 4 x| {4 ¢aND VIDEO= 1 —— 1 ¢ VIDEO
M5 ¢ cross GND> 5 | |5 ¢RviDED) GND> 25— 2 £GND
tf: 6 € GND GND-> 6 > N—x 6 &GND R. BUOY % 3 )——=< 3 &R BUOY
<7 &GND GND-> 7 > —?<g G GND- 4 >—— é iggo
VDA J201 GND-> 8 <8 GND ES-) § y—X
INT 428 <—————— | - ! WAl o VBATS 9 i1l o FTC$ 6 >——X 6 &FIC
P443 IJ443 [U4/B15|(M-8437] 2 GRLY SW. A PE-5 10 %10 ¢GND GAIN- Z >———<Z ig?(':N
= ey e Nk 3 BASE T. A sorlpesr | |llours ) yers 15599 &+s
i 2RI WP MG Raw M e bl LAW V.5 10 LW Y I
AC © X3 ‘ ' <2 g : 1 ¢ +1
"MAG. L a RS 22| 6 PMI A +553 3 |~ 3¢m2 Lt
'TUN. IND. C : R6 L 32¢|(] | I N—c 7 &P/L-A A +55 4 5y X e GND> 12—« 12 ¢
1 >4 RT_ 82K o | 8 o 2 : —1> Bo— B¢ -1
DL M. 0. 500¢] N—< 8 ¢P/L-B A GND-> 5 > [|——= 5 ¢ 83 A/C A= 1 >——< 16 &A/C A
INT J431 MBO J471 = o 47k [ O ©4 | <9 eSTC2 A GND-» 6 >—1 STC /TRIGj) 15 y———<15 & STC TRIG
' (o (8¢ —2 e o N—c 10 & STC3 A aND—> 75— |||Ps9sl ssss it 1ist
fGND g o v oo o 11 &TX SIG A GNDS 8 7 1M1 € +120 §H1 | I
SCANON.LED‘T\ 10€ } L R2 47k \o A <12 “L'L'VZA 1493 | P493 _:( 2 (i ' 59
g v ’ A ] _1 -3 :g}}g’* T DA 52—>3 L PAV J19 (CONTROL)
s , i DD 3 : e o 3
i v oo 51 N—< 15 ¢GND GND= 3 >—A|—X5 ¢+ 534 5 L l f U L L (L PAV J20 (CONTROL)
M 43 Ll oReak b I < 16 ¢ +5A GND= & AKX 6 ¢PAL DIM As wok ok ko Kk
: 3 o A 17 ¢ —12A 1255 camsnO~OR2TNO PA b (CONTROL)
INT 432 I a0 220 Ol N 13 <RADAR VV2A  +12-5 5 »—id J“Sz DL AD AN N
| | : 59y J & =
v 1 TS pene 07 = TT2242002253Y  vRM Al ! >|—~—/
R1 12k i i 20€N.C | = = uuau.;;kg*aw( VRM ACS 2 3 A
| I —_ % =z N 2 T VRM BH= 3 »—
b8 ey s b = L Q,—I o 3 S VRMBCS ¢ ——
- ANy R [ 2 camred 5 v 2 EBL AH-> 5 »——]
¥ MR re Zacs] P448 Y T--T ro =Y o — ~ v . ad o [a e - EBL AC = 4 )._.___jl
1 |U7/B1GS-6856 \ P <5 g ey SO O z 57
J2 |Ps32 )t 1 I tS_ %3 go & T EBL 8K 7 >—!
P33 | s WPl s PHS07 1 peet | 1461 2T PO o s 3
i : | - N T g o T D
<1 ¢ CLk-C DOWNp Zor—  JAS0 o o X (¢ 1 T CK-C 2 [s[e [0 T824 [B25 | B26 TBX AC > 10 X—A
— 2 ¢ dicr HOD» 35— le TR MO @ ' ———<2 ¢ CLK-H za T e B e e X B
—X3 e DAT-C HLDL > & >— 5@ S ANV —— it 2> |2 (mals|5 33 08 T T
— b «DAT-H GND -5 > y—{ ,S_ ? j—————— 4 «DAT-H —~— 21213 EAR R I I TBY AH > 13—
£ 1 oV erd DOWN] THOLD siald s aia KR TBY AC 5% —oA
N e — m I ! | | - 4
o ox< n » @ 1 V% BTAR) S401 S402 SAOB |0 0|22 0 D|D | i ’ TBY 8H 15—
n v dab f up —— pe73 b U473 R R - S I B B s j TBY 3C 21 ’__/ o
Lecamtinom ool - 00 00 Q(\ . = a. woow | J‘c-bjl (CONTROL)
a —-Y-—T--Y--‘E-Y--T-Y--T o DOWN T T T | T KHC —< 1 &L0G H § AN T s Dl @ 1121 f
2 L <3 st - |A g x| <9 5 5 55 38 +125 25—t
R I <3 €L0G C Jix xl@d T < T2 6 0» GNDS 3
[[U7/B2[CG-2137 1 | <5 e — & &IAUTO/MANY | - BND 5 &
1 1605 Imosl o) | —<5 :Q 3uoyY 1568 | J566 | J564| J562] J560] 558 5561 554 JS52| 550 KEY TX H 5 et
51606 | A o €GND 1569 | J567 | J565] J563] J561 | 55911557 555 J553] J551 KEY TX (93 >—
R,y CR1  |Uk/B16[PST-3432 KEY RX H» 7 »—A =
52 i TLR124 KEY RX C> 85—
53 > Tuzu KEY RESET H> 9 x—r .
: : — p By
| 8= | ~ e e ur—
DTB J&15 1 TuIuTuTu TUTIUIUTU 3 TmeE KEY BUZ C>12> i
JOC Qe Q000 xoa - 2 2 2 2 2 vl ol vl olrirg U \JC—V'-U—-—”
o~ fffgﬁéggggmffféésamac-? 5@>5:%m513«%m5;§5555&& == PAL LED™ 14 oo/ _]
018 Jad2 - SRR SR S YRSV R I
‘.__: ‘_,‘v\‘m\f;_q\Dc\m-,.Nm\rm»opa)-(;\‘m-r(\lm#m\ﬂbwc\g:‘-\—N(ﬂ\?mcl\mc\—— N
; y R e e R A O e O \ufs-r ¥>(Yyé(Tyyinrgvﬂ\f-\i(-\[\foTy
RDP-102A | RPU-010A | RCU-006A | RDP-082M | FAR-2852/2860S UL ’ bA i
S [TF ~ (A EXT MONITOR | PA 8 (CONTROL)
RDP-102 | RPU-010 | RCU-006 | RDP-082M | FR-2852/2860S BUZZER
3 :D? T - — fi —r
RDP-082B | RPU-005B | RCU-003B | RDP-082M | FA-2800 Apiaovago'“ L %‘m_? “A /ER/EAR-2800 SERIES
i Nl
- - - - -2897 : - & Iy
ROP-082A | RPU-005A | RCU-003A | RDP-082M | FAR-2822/2822/2852X/28305/28325/28625 ] B . = N IB IR (FIE 5 )4 S BB K (2/9)
RDP-082 | RPU-005 | RCU-003 | RDP-082M | FR-2822/2822X/2852X/28305/28325/28625 | PRVEZR. RO MK ITXFE 3331-K09% B, : - \
- N CHECKED =~ - - PROCESSOR UNIT
17y-+%1% | PROCES'R | CONTROL | DISPLAY @ A ® REFER TO DWG.NO.C3331-K09 FOR CONTROL AND —
U o T e . Y o=
CONSOLE TYPE| +2 /XL — k%  SEPARATE TYPE APPLIED MODELS AY UN g - 7 H ¥ F2221_K
DISPLAY UNIT. SRAWN v T | owano (3331_K11-F

FURUNO ELECTRIC CO., LTD.



‘al” "OD DRILD3T3 ONNNNA

- 0M-LCEE ON'OMC . - .,  NMVNC
- R £ E .. e BB
Q3INOIHO

E =

I VYT @3A0Ndd

Lo 8%

108¢ - ———
| [ 45‘3%%%!“

Dacp WA
. P -~ '
e mw ®, '
Wd| v A
Mﬂuﬂ%d_
AN

b T
V] [ERNTAN NG
—an S— N

LINM TIOHLINOZ
RN

DA AR K R A AR &

: SS9 Q8

LT S N NP N -

zzzOPommmm
_.l|l|||lu.l._ ARR L L XXX |
.ﬂ‘_ nETEZRas |
21 $ 0T 9 Ur—— hes 03 g58¢e
SR eunIteee TR s
m_ Ly g < iC 3INE WA >——
o 00 % (== L ¢0C FZNE M U
H_ w«w@I 9 €V 3 L3S N0l >
2l =i i
] OND 2 € % § €ONE X A e
jan LoD Lt 1€ U PEidig
.l_ DXL A2 G >y
S4+d X jega HXL AN § >——r
_.|||||I..7: e k. ONG 2 % >y

NS - £ ——

- — Lot » 7 >
AN 27, « IN L+ ——
fegl 03 L € 037 78 B e £6%T (8
= *rb dVYST 0/13 0y »———X< (L € ¥VS3 0/i
31 1@ 205 6 r——— £ €20 S
BB BN s g —— g €il um A8L DYy
G 009 [ s 7 ¢0C € ABL PG o——y
V_ > IV S Gy G 47T I ABL D ey
S W § et G €4V HY A8 »gl> ~
»| @ 0V 3 4 ——— % €0V I8 XEL D2 >y
=2 Y NS+ £ = § € ONE HE X8B: 5 | »——
» o« T e ¥ XBL A0
I e HY XEi = £
| iy R eI —
—— 4m HE 183 » L ——ry
‘ o bl CEIR I ——
e - Wm,f,mmbm, -
P — > S WL D e
o ~
TRREe zzzZ O HE WH  § ey
TrorOT | (A al RS TOE S  S—
v v C N e N HY WY -5 4 > .
DO OAE . | Sowne wn -
- i oy e o e n e o R
I A, NN QEvs .
- : T s 75Y7 08N
RTIRD A T 1 St T S
20w S e o . B
PO PPN PO SRS e 25%7 08k
ZTIEErErt s G4DBTT :
oc g spv xﬂlaﬁﬂ. L 5% 08K
w Ial=1 i
x
~ N
| IEsSS _gns _
D@ 2RO~ bl +
=" TXX 98 L un ceT
NEfw, 28832258 ogopaeernr 2Enl |
VW W WOV VYV VTN Y TY VUYWL wr rLl H
ERRIRRRURNELEIFAETR IR v vonrwn -
Y N i Y Y YN Y XN e Y e <
E P I i i Yy
Ll Ll :
e ke ke = ke Tk oas ke e ke e o ok Ak ke e Ao ok ke ok e ke ke N
praee R RRERN N 2R AR IRIE SO N N e W~ -
LTSRNV N S N NP NP S Ar»;#.énéréwﬁ\w&ut?xw svr.—)r\h\?» -
RRZZBESErERs U RERSIERIE 10
\lNIﬁJuQ. vmn,m.t..\d fesqpuei N
| [N @ -
i g ™ -0 =
e s -
- v p e z
Hrblx €€y 85 2 S |
—x [ & (ONC _<XoOwuv_ =
— | e s U T zZ30Z RTS8 L
e mEen & R o2 RERPz(QRESERs,
8.d ~ 8 22 L lvve T funmewevveeas B
- [P — DT DE O I E s
S0987 /7GR MY S /ML 9NER-AY [§ ~ AR R b o
= p
0082-vs  9vER-AvE (¥ L
S79R7 /SZERT /SOERT - i e
X287/ XTLRL /TLBT-HY /8-~ 9HER-AV - — S6%"
SLy
. S, =

ZOET LOEC EF

R L BRIV R

0

€ Z

ONNN-a



= 1 « 1 ) | o
1 1 v T T
| 3 Cd o
U
| N
| r R 0301A \\‘f .
2] ,
R Sa |
. | — ~F !
2 . _ . JuvdS
08 52 uaumi? AR | ~m@E = &
Dy ow — ] avds | on L)
booL LINOW 16 - % 0b &= - - savas | 4o 5 i
bk - —} 3UVdS- 6 & — L? S g5 poN
o8 UND-- kg G - Nl i a3y VIS BFEa]
v N AV Ve kL ¢ - T - *'},,Z,"H: lT'** (M 357nd INAS g a LIZ'J ‘k‘J
’9 >7 TRVES K 9§ X }"~ Idd HSVd OH TR S
© P - SEH- -k 5§ 402 bk Ny 18 o | B
Loy HIGML XLk v d - R ) (é B L(f;
.-
[P WILIM ONINAL - & € & o oo NUY~8 1A ON9 ~
[ o gl e B b g YL AV V| :
Al i (R, by s
s, ALk - NG AL
H9TR 1094 094 § 009 L = (Y
| 0034 - b ft it LHMg at Lk ®E
i it ; ﬁ( i Z; - El e g-g 0103 A6 | s
i l : ' N - - 2o 3
> oE IS L 1 T e TN SPERS N Lg o
¢ T W3LY3H OVHI <o B E_*fﬁ— 90 L8, AV V/d :ﬁ & v _T'_
Vo QD A6k WE al | i al e
‘ _ . o s . Ao o o
n o0 N AVIR Vde - 0 d | B vy I R x| eS|
b6 B AVIR W K6 e M IR i
o8 - ONINAL — & g € - = L | o| o
) - voL o S LOH A6 L& O ks NS 4L g W ulsz
P oery-di [vl] e P CHHIELXE 9 € At o B o e B awowe [ R Ol %
P s DG o aNg - kS 6 T | o wAlegT | &ao
VISR Is ] [8] 8d by AZL+ K oye - 10 108 Ly INNL % 3
: - ! ' " T N S A e 9
£80L-OW| 48 e ¢ oed N L
- A SRR S A B S T S8H
EE : Lo L L 1 L ma ¥I0H1UL XL o
| s
B wu | oosd ! 008d Ioouc e B pbgh - 9d0) H3L3W ONINAL <
} L10-d1d | e g3 LINOK 1T 2
FINA0OKW H3IATIISNVHL ﬂd] IAs) . ¢ (M3 B S
A XL R L O - T b Wvds ¥
B w84 zzer o 1 10881y
< ) e v v Y
F_—————— U MO v ——
I A0YY/1L 4O /\ozu"ve | [ 2083 . j
A - - - -~ - R N l
I (N3g 4O 18 - - e 0
Logd - ond - ——J (SRR O
l {A0ZZ VIBLIBIRY - - o
(A0L BL1(%78MY | S0 N — -
I orosss ? 17 9Z06LLVH Aﬁ o b
[ 5 -
! o ; ﬁ Wi AEE K17 ESI f
1 I 6 Ly T[} 5, |
L 5”‘ Le '@6 NG| LE ! S oty = | anvaoa
0060 | 6064 L06d_Loef | ) ey € - : . . 1 ED]
o e ed ZOUNO ' W [ e (HIDVAO0L 30
l e o ! | | 401294 -4 LO0ES |
"lé I | oo Sy S
' g 9/ § oo | [—_ BELN
0 i l 100 » ‘JCUGLWH I X INOI 1O ozt voosa|
[$] A E T [ 371 -3 [ 1 Ty
l ! ' 92064 vH vy ; ¥311-30[99 1=
RS v : - €815
I I I WL, (o1 soef | s06d T T T T TTTTITTTY
b i D Ty
! | 4 ] T ‘ Py (A077/08E GE19ZVE Y o H04 ! |
o 4 Co é . 1AZZ/002 6) i
I l | AHE SY ’ Ty g e Eue-ny o
b ) 1088 _ (. W
I 17 LIS P o 10 96
. B o
I b LTy, Ao b ' W A1ddns
L0 A9/ SR W UOL0W
| i 23 00
2918-dg |48 | O — s
] ! I MOLOW $E 1 3 1 1 i
| b I wo6s LH HOINIT L L L
R ‘.' —— g 3o e — ) ) ON S
i Sy | Q 9060 o A S06f
o I e - I 1 msa O wtg %T
sy ‘ 0499115 T s
L I I 2060 | A
s o ! 001
goer ] 8osd | { 6068 % o 1— A 1062
I 49228~ 1dW | S8 I %Ml I8 e —ed b e - AL+
) TS ML/ 004 | | L ol
| R ,l Ly z e i 2064 Wvds
HOLOW @1 d04 k€ i 0 SLOLYSC i o w60 r ‘%"-- MS HOLOW
e e e e e oed Tty g S5z €96) e e
S ! €060
_ __ Joo 2L e ; L - O O VdS
‘ W3 [ zdr
L06d | 106 ; 9064 | | o o uvds
i : Ll
1 b o }
i ! o 133
<<<<<< 10 1264
- 1918~ €8 | o v ¥ o
: — — M Cd - .- 8 e zosr
£06d -, « 206d
“ (MS JULOW) (llﬂ)}
2085 o 1088 o
440 NO -
< [ m () [

FURUNO ELECTRIC CO., LTD.



