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/A SAFETY INSTRUCTIONS

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

This notice indicates a potentially

] hazardous situation which, if not
avoided, will result in death or

serious injury.

This notice indicates a potentially
hazardous situation which, if not
avoided, could result in death or
serious injury.

/\ WARNING

This notice indicates a potentially

hazardous situation which, if not
C A U TI 0 N avoided, could result in minor or

moderate injury, or property damage.




SAFETY INFORMATION
FOR THE OPERATOR

/A WARNING

Do not open the cover of the
equipment.

This equipment uses high
voltage electricity which can
shock, burn or cause death.
Only qualified person-

nel should work inside the
equipment.

Do not dissasemble or niodify the
equipment.

Fire, electrical shock or serious injury
can result.

Immediately turn off the power at the
ship's mains switchboard if water or
foreign object falls into the equipment
or the equipment is emitting smoke or
fire.

Continued use of the equipment can
cause fire, electrical shock or serious

injury.

A CAUTION

Do not place liquid-filled containers on
the top of the equipment.

Fire or electrical shock can result if a
liquid spills into the equipmtnt.

Do not place heater neat the equipment.

Heat can melt the power cord, which can
result in fire or electrical shock.

Do not operate the unit withjwet
hands.

Electrical shock can result.

Use the correct fuse.

Use of the wrong fuse can cause fire or
equipment damage.

No single navigation aid (including this
unit should ever be relied upon as the
exclusive means for navigating you
vessel. ,

The navigator is responsible for checking
all aids available to confirm his position.
Electronic aids are interded to assist, not
replace, the navigator.




SAFETY INFORMATION
FOR THE INSTALLER

N 1N | A\ CAUTION

Only qualified personnel Ground the equipment.

should work inside the

equipment. Ungrounded equipment can
give off or receive electro-

This equipment uses high magnetic interference or

voltage electricity which can cause electrical shock.

shock, burn, or cause death.
Confirm that the power supply voltage

is compatible with the voltage rating
of the equipment.

Turn off the power at the ship's mains
switchboard before beginning the
installation. Post a warning sign near
the switchboard to ensure that the
power will not be applied while the
equipment is being installed.

Connection to the wrong power supply can
cause fire or equipment damage. The
voltage rating appears on the label at the
rear of the equipment.

Serious injury or death can result if the
power is not turned off, or is applied while
the equipment is being installed.




INTRODUCTION

Congratulation on your choice of the LC-90 MARK-II Loran-C navigator. We are con-
fident that you will enjoy many years of operation with this fine piece of equipment.

For over 40 years Furuno Electric Company has enjoyed an enviable reputation for
quality and reliability throughout the world. This dedication to excellence is fur-
thered by our extensive global network of agents and dealers.

The LC-90 MARK-II Loran-C navigator is just one of many Furuno developments in
the field of navigation. Its compact size and ease of installation and operation make
it suitable for use on a wide variety of vessels.

As with most modern instruments, time and experience are required to reap maximum
benefit from your new navigator. To help you meet this end as quickly as possible,
this manual is laid out in as "user friendly" a manner as possible. The first section
covers Basic level operations and later sections cover Intermediate and Advanced
operations.

This unit is designed and constructed to ensure the user of many years of trouble-free
operation. However, to obtain optimum performance from this equipment, we ask
that you read and follow the recommended procedures for installation, operation and
maintenance. No machine can perform to the utmost of its ability unless it is in-
stalled and maintained properly.

We would appreciate feedback from you, the end-user, about whether we are achiev-
ing our purposes in this manual.

Thank you for considering and purchasing Furuno equipment.

CAUTION

Although your Loran-C navigator is capable of providing very accurate
position data, no single navigational device should ever be solely relied
upon. Position information obtained from Loran-C should always be
double-checked against other sources such as radar, visual and celestical
sightings, sounding measurements, etc. to verify the reliability of the data.
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FEATURES

The LC-90 MARK-II has a large variety of functions, all contained in a
rugged die-cast aluminum case that is compact enough to fit almost any
size of boat. Sealed-membrane touchpads provide positive, splashproof
control of all functions displayed on the large five line LCD (Liquid
Crystal Display) display.

Both the touchpads and the LCD display have variable backlighting for
nighttime operation, and touchpad operations are confirmed by an audio
tone.

The LC-90 MARK-II features virtually "hands-off" automatic operation
once it has been initialized for a specific geographic area, since selection
of the proper GRI and the optimum slave secondaries is automatic, as is
ASF compensation (Additional Secondary Factor) for accurate Latitude/
Longitude readout, automatic Magnetic Variation for magnetic bearing
readouts, and four automatic notch filters to eliminate interference. Each
automatic function however may be manually overridden if the operator
desires.

Entry and readout for all position functions may be by either Latitude

and Longitude or by TD's (Time Differences) for maximum flexibility.

Navigation functions built into the LC-90 MARK-II include:

e Position readout in Latitude/Longitude or Time Differences (TD's).

e Speed Made Good and Course Made Good.

e Velocity To Destination and Time To Go to destination.

e Range and Bearing to a waypoint and Range and Bearing from
waypoint to waypoint. Bearing can be either True or Magnetic, with

automatic Magnetic Variation built-in.

e Cross Track Error, Direction to steer to get back to courseline,
Course Offset, and Range to destination on one display screen.

e Entry of waypoint by Latitude/Longitude, TD's, by Range/Bearing
from present position, or at Present Position.

e Route Planning and automatic Route following.

e Alarm limit setting for Cross-Track Error alarm, Border alarm, Arrival
alarm, and Anchor Watch alarm.

e Display of signal parameters: SNR (visual and audible indications),
ECD, tracking point, and interference frequency and level, with four
automatic notch filters built-in.

e Display of operational parameters: GRI slave selection, ASF or manual
correction factors, auxiliary data output(s), and Event memory
contents.



LC-90 MARK-II SPECIFICATIONS

Receiving Frequency:
Receiver Sensitivity:

Dynamic Range:

Differential Dynamic Range:

Interference Rejection:
Tracking:

Tracking Speed:

Settling Time:

Display Resolution:

Alarm Indications:

Computational Base:

Output Signals to Ext. Equipment:

Ambient Temperature Range:

Power Supply:

Weight:

Program No.:

100 KHz

1 microVolt/m

110 dB

80 dB

Four automatic notch filters built-
in. These may be manually operated
if desired.

Master plus 5 secondaries (max.)

80 kts or 40 kts (jumper selectable)

5 min. nominal (depends on Loran
signal conditions.)

TD: 0.1 microseconds.
L/L: 0.01 minutes.
Range: 0.01 n.m.

Audible and visible, including
Cross Track Error, Arrival, Border
and Anchor Watch alarms.

WGS-84
Range/Bearing: Great Circle.

IEC61162-1 and Furuno CIF
for course plotter, printer, scanning sonar,
color video sounder, NMEA 0180 simple

" format for autopilot, NMEA 0183 complex

format for plotter.

Display Unit: -15to +55 °C
Ant. Coupler: -30to+70 ,°C

12-32 VDC, 0.8-0.3A
110/220 VAC, 50-60 Hz, with exter-
nal rectifier.

Display Unit: 2.0 kg
Antenna Coupler: 0.6 kg

045-1204-101



COMPLETE SETS

Name Type Code No. Q'ty Remarks
1} Main Unit LC-90M2-A [000-041-248 USA version
LC-90M2-B_[000-041-249 1 [European version
2| Antenna Coupler AC-900C 000-041-250 1
3| Installation Materials CP04-00400 | 000-041-154 | 1 set
4 | Accessories FP04-00300 {000-041-155 [ 1 set
5| Spare Parts SP04-00800 | 000-041-251 | 1 set
INSTALLATION MATERIALS
Name Type Code No. Q'ty Remarks
1| Power Cable Assy. |00S0120-0 000-104-058 1
ACCESSORIES
Name Type Code No. Q'ty Remarks
1 | Bracket Assy. FP04-00310 004-285-420 1
2 | Knob Boilt KG-B2 M8x20 000-800-418 2
3 | Tapping Screw 5x20 SUS304 000-800-488 4
4 | Flat Washer M5 SUS304 000-864-128 4
SPARE PARTS
Name Type Code No. Q'ty Remarks
1} Fuse FGMB 2A 125V | 000-103-165 2
2 { Lamp T3.8C 8V 60mA| 000-540-180 4
OPTION
Name Type Code No. Q'ty | Remarks
1 | Rectifier PR-62 AC 100V 000-013-484 1
PR-62 AC 220V 000-013-486
2 | Interface Kit LC-1091 000-041-156 1
3 | Flush Mount Kit 0454169 100-100-560 1
4 | External Notch Filter LC-9801
5 | Ant. Cable Extension Kit | OP-04-02
{10,20,30,40 or 50m)
6 | 2.6m Whip Antenna Kit
7 | 4m Whip Antenna Kit




ELEMENTARY THEORY SECTION

The word "LORAN" is an acronym meaning LOng RAnge Navigation. The
basic principles of Loran were developed during World War II, and the
system implemented during that time was known as the Loran A system.
The superior Loran C system was developed later during the 1960's and

was put into widespread service during the late 1970's.

Loran-C is one of several important radionavigation systems in use by
mariners throughout the world today. Loran-C may be thought of as a
medium-range system since it usually covers out to a maximum of 1200
miles from the transmitting station.

For very close-in, precision work, portable microwave positioning systems
are often employed by such users as the offshore oil industry, and for
short range medium-accuracy work, Decca navigation systems are used in
some parts of the world.

For transoceanic voyages, Satellite Navigation and/or Omega receivers are
used to provide the sort of coarse accuracy that is suitable on the open
sea. In other words, it is rarely necessary to know your position down
to the nearest meter when on an ocean voyage, provided that you are
reasonably certain that you are within the shipping lane and not in any
danger of running aground on some nearby atoll.

The Loran-C system was designed and established to provide excellent
accuracy in the region known as the "Coastal Confluence Zone," or CCZ
as it is often called. This region extends from the shoreline seaward to
the 100 fathom curve, or 50 nautical miles, whichever is greater.

Loran-C system accuracy is often capable of providing a reliable fix
within 30 meters of one's actual position, but more typically, accuracy of
about 100-200 meters is possible throughout the coverage area. However,
system repeatability, that is, the ability to return to the same spot
consistently, is usually on the order of 20-30 meters. Quite often it is
even better than that.

Basic Navigation

The essential idea behind a scheme of positioning on the globe is that any
particular point on the earth's surface can be uniquely described by the
intersection of two lines: Latitude, girdling the earth horizontally
(laterally) and Longitude, girdling the earth vertically.

Examine the section of chart shown next page (Fig. 1) depicting an area
off Yokohama Japan. One can see the parallels of Latitude running East
and West horizontally, and the meridians of Longitude running vertically
North and South. Overprinted on this chart are so-called Loran-C Lines
Of Position or TD's (Tlime Differences) as they are more commonly
known. (We'll get into why they are called TD's later; suffice it to say
for now that a Loran-C receiver will give you these numbers and that
you can use these numbers to find your position.)
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Fig.1 Loran-C Chart off Yokohama



Note that the TD lines run at a variety of angles with respect to the
lines running North/South or East/West. They are in fact actually
curved lines, segments of hyperbolas, but this is difficult to see on this
small section of chart. These TD lines are labeled with numbers in units
of microsecoends on the outer edges of the chart. The spacing between
adjacent TD's will vary depending on the scale of the chart as well as
the section of geography being covered. Don't worry about these details
just yet, but note that in this particular example the spacing between
adjacent TD's is either 100 or 200 microseconds.

Just note that for any one position on the chart (that is, at any one
particular Latitude and Longitude) there is at least one pair of Loran-C
TD's that cross each other. There may in fact be more than one pair of
TD's that cross each other at our one point of interest. Some of them
may give you better accuracy than others. Again, we'll delve into that
in more detail later.

As an example, let's find a point on the chart and compare the position
both by Latitude/Longitude and by Loran-C TD's. At a Latitude of 33
degrees, 52 minutes North and a Longitude of 139 degrees, 35 minutes
East you should find the Southeast corner of Mikura Jima Island. This
position corresponds to the crossing of the two TD's lines of 36800
microseconds and 60600 microseconds. Note that a third TD crosses this
position also, but that the exact line isn't printed on the chart
explicitly--it is necessary to interpolate between lines that actually are
printed in order to get this TD, and by so doing we would come up with
a I'D of approximately 17750 microseconds.

Now, let's consider in more detail the way Loran-C actually works.

How Loran-C Work s.

The Loran-C system is a "pulsed" system whose fundamental assumption
is that the speed of propagation of a radio wave is constant anywhere in
the area of coverage of the system. This assumption is actually subject to
some corrections, but we will assume for the sake of this discussion that
the speed of a Loran-C signal is actually constant.

Since distance, time and speed are all related, and since we have assumed
that the speed of the signal is constant, if we can devise some means to
measure the time that it takes for a signal to arrive from a distant
transmitter, we can easily calculate the distance the signal has travelled to
get to us. Thank goodness for modern electronics, for it provides means
for making very precise time measurements, down to the order of tenths of
millionths of seconds.

A simple Loran-C system is shown in Fig. 2, consisting of a "master"
transmitting station and two "slave" stations. This is the simplest
configuration used. In practice, most of the chains in the world consist
of three or four slave stations associated with each master. Note that the
lines drawn connecting the master and each of the two slaves are known
as "baselines.”



Fig. 2 Simple Loran-C System

INDIVIDUAL
TD (Time Difference)

To illustrate the basic idea behind the Loran-C system let us take a simple
case, where the boat with the Loran-C receiver is located on one of the
baselines and is in the middle between the master and the slave. If the
transmitters were both to transmit simultaneously, the time taken for the
signals from the master transmitter to arrive will be the same as that for
the signals trom the slave to arrive. In other words, the difference in
arrival time will be zero.

If the boat is moved so that the time difference of signal arrival from
master and slave is kept constant at zero, then the plot of these
movements will be a straight line halfway between the slave and the master
stations. This line will be perpendicular to the baseline. The line of
constant time difference is known as a Line of Position, or LOP for short.

Other LOP's can be generated for conditions where the time difference
isn't exactly zero, and these LOP's will form hyperbolas rather than the
straight line in our simple case. (Radio navigation systems such as
Loran-C are often referred to as "hyperbolic navigation" systems for this
reason.)

It the master and its associated slaves were all to transmit simultaneously
on the same frequency, the receiver would not be able to distinguish
which station it was listening to in the resulting uproar. The stations
therefore are arranged to transmit in a specific sequence of pulses, with
very precisely defined time delays between the transmissions. So, for our
simple case above where the LOP is in the middle of the baseline, the time
difference is no longer zero, but is some specific value of TD.

The receiver's job is to use the start of reception of the master signal as
a reference time to start its internal stopwatch. When the start of the
slave signal is detected, the receiver in essence stops its internal

stopwatch, notes the time difference, and displays it to the operator as a
TD.

In order to determine where one is located on any particulaf Line of
Position, another LOP is needed to intersect the first one. The Loran-C



receiver thus must track more than one slave at the same time. Most
modern receivers are capable of tracking all slaves available in the chain
simultaneously.

‘The interval of time between the start of the master transmission, the
series of slave transmissions and the next master transmission that repeats
the whole sequence is called the Group Repetition Interval, or GRI. Each
Loran-C chain in the world has a unique GRI assigned to it, and even
though all Loran-C transmitters work on the same frequency (100 KHz),
they can all be sorted out by GRI.

You will remember that the 'l'ime Difference's (TD's) are measured in
microseconds (millionths of a second). Further, the designers of the
Loran-C system have assigned an identifying letter code to each slave
station in a chain. These are called either X, Y, W, or Z.

Now look back at the section of chart in Fig. 1 that shows part of the
area near the coast of Japan. You can now better appreciate why the
TD's are labeled as they are. The GRI in the label comes first, then the
identifying code letter, and then the time difference in microseconds.

Your Loran-C receiver is considerably more sophisticated than the simple
TD-only receivers we have been describing here. It is capable of
computing Latitude and Longitude directly from these TD's.

This is a complex calculation, and again the fundamental assumption made
is that the velocity of propagation of the signal is constant. While this is
true for propagation over seawater, the velocity is altered slightly when
the signals travel over land. Over land, the velocity is affected by such
factors 'as the conductivity of the soil and the features of the terrain.
These effects are all lumped together under the title of "Additional
Secondary Factors,” or ASF. These factors cannot be modeled exactly in
the TD to Latitude/Longitude mathematical conversion.

The LC-90MKII however has TD offsets built-into it, describing deviations
from the ideal grid. The offsets were actually measured at sea. The
LC-90MKIl can automatically take these warpages into account to give more
accurate computation of Latitude and Longitude than can a receiver without
this automatic ASFK correction.

Note that the ' grids on a Loran-C overlaid chart can be shifted when
the chart is printed and thus compensated to take care of actual observed
readings from the field. One should still be careful when using
Latitude/Longitude numbers directly from a Loran-C receiver, especially
when near land since this is where significant errors can occur. (Note
that the charts don't even show Loran-C grids over inland areas because
of the extreme distortions in the lattices over land.) Also, Loran-C is not
meant to be used in harbors or ports since these are usually surrounded
by land masses.

Well, enough theory for now. Let's get down to how you actually operate
your new receiver. Soine advanced concepts and further cautions on the
use (and misuse) of the system will be given later.
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OPERATIONAL OVERVIEW

The LC-90 MARK-II (abbreviated as LC-90MKII in this manual) is
basically a rather simple unit to operate, although at first glance it may
be a little intimidating to someone who has never used a Loran-A
navigator before. However once you get to know what the various
abbreviations mean, the simplicity and logic behind the layout and the
design will become more apparent.

Examine the front panel. You will note that there is a large LCD readout
taking up most of the left-hand side of the front panel, a keyboard on
the right-hand side, and all sorts of abbreviations printed on the panel
below the display. These nine abbreviated labels indicate the various
Modes in which the LC-90MKII may be operated.

In addition, there are 9 secondary Functions which may be called up to
do less-often used operations. These Functions are accessed by use of
the [#] key, followed by a number from [1] to [9].

The keyboard itself contains twenty-three membrane-sealed touchpad
keys, and is divided roughly into four functional areas. A distinctive
“beep” is generated to confirm to the user that something did indeed occur whenever
he presses a key. ’

The functional groupings of the touchpad keys are as follows:

POWER ON/OFF and DIMMER

These three keys are located at the top right of the keyboard.

When the operator presses the [PWR] key, the LC-90MKII is activated.
After several seconds, the display will begin to show some activity. It is
necessary to press both the [PWR] and [OFF] keys simultaneously in
order to turn off power to the unit. This procedure is necessary to
prevent unintentional interruption of power should the user accidentally
hit the [PWR] Kkey.

The [DIM] key is used to vary the level of backlighting of the display
and keyboard for nighttime operation. There are four Ilevels of
backlighting intensity: bright, medium, dim and off. Each time the
[DIM] key is pressed, the level will change in the above sequence.

NUMERIC KEYS

There are eleven numeric touchpad keys.
The keys [0] through [9] are employed to enter all numeric data.

The [ ] key is a general purpose key that is used to change from
North to South latitude, or East to West longitude when entering data for
Modes or Functions requiring Latitude/Longitude data, change default
values for many Modes and Functions that can be used either automatic or
manually, and turn on/off many functions.
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The [ ] key is also used to change position data from Latitude/
Longitude format to TD format and vice versa.

In each Mode or Function where data may be entered, leading zeroes must
be entered (for example, waypoint "01" must be entered fully, rather
than as "1.") The LC-90MKII will reject entries it cannot understand
where leading zeroes haven't been entered. Trailing zeroes needn't
however be entered fully. For example, a latitude entry of "37" degrees
is just as valid as the full entry of "370000" degrees.

OPERATING MODE/FUNCTION SELECTOR KEYS

The three keys on the lower left of the keyboard are the Mode selector keys. The
[MODE] key, consisting of two arrow shaped keys selects one of the nine Mode screens.
Pressing these keys causes the Mode indicator arrow to move sideways to align itself
above the labels for the operating Mode on the panel beneath the LCD display. The
readouts on the LCD itself will change in accordance with the Mode selected.

Pressing the left arrow on the [MODE] key when the mode indicator is
located at the left-hand edge of the panel will shift the indicator to the
far right-hand Mode. Similarly, when the indicator is at the far right
end, the arrow will shift the indicator to the far left-hand Mode.

The key labeled [#] is used to select one of the nine secondary
Functions. Press the key followed by a number from [1] to [9] to access
these secondary Functions. Note that it isn't necessary to press the
[ENT] key to activate a Function. The LCD display will change in
accordance with the secondary Function selected by the operator.

OTHER KEYS

At the top left of the keyboard there are four keys, the [SAV] [RCL] [CLR] and [V¥] keys.
SAV stands for Save, and is used when a position is to be stored in the Event Memory,
or when an external plotter or printer is connected to the LC-30 MKII. The position at
the moment this key is pressed is sent out to the external instrument. RCL stands for
Recall, and is used when calling up the stored data from the Event Memory.

The [CLR] key stands for Clear. It is used to clear a number from the display or to
silence the audible alarm. The arrow shaped key [V¥] is used to select where the data
entry cursor will be located on one of the five lines on the display. The cursor is
indicated by the flashing of the far left character on the desired line. After entering new
data, the [ENT] key (standing for Enter) should be pressed. The cursor automatically
advances to the next line where data may be entered after the [ENT] key is pressed.

The following list shows a summary of the primary operating Modes, and
the secondary Functions of which the LC-90MKII is capable of showing.

11



SUMMARY OF MODES AND FUNCTIONS

Primary Modes, Data Readouts:

When one of the following four screens are displayed, present L/L and TD are held by
pressing the [ENT/HOLD] key. Press any key except for [PWR/OFF] key to restart
displaying.

S/C: Speed Made Good and Course Made Good, together with present
position (in L/L or TD's, at the discretion of the operator) and the
Route and/or Waypoints in use.

TTG: Velocity To Destination (in knots) and Time to Go (in Hours and
Minutes), again together with present position and Route and/or
Waypoints in use.

R/B: Range (in nautical miles) and Bearing (in degrees Magnetic or
True, at the operator's discretion) from present position to destination
waypoint, again together with present position and Route and/or Waypoint
in use.

XTE: Cross-Track Error (in nautical miles off the desired track), with
arrow indicators to show direction of offset and direction to steer to get
back on track. As usual, present position and Route and/or Waypoints
in use are shown. Course offset in degrees and Range to destination
waypoint are displayed as well.

Primary Modes, Data Entry:

NAV: This is the Navigation Mode. Cross-Track Error with Course offset
and Range and Bearing to the desired waypoint are also displayed.

RTE: This is the Route Planning Mode. The waypoints involved in up to
ten different Route Plans are selected in this mode.

WPT: This Mode is used to enter position data into a Waypoint. Waypoint
data may be entered or recalled for confirmation either as L/L or as
TD's.

CLC: This is the Calculation Mode. Trial rho-rho calculations of Range
and Bearing from waypoint to waypoint may be done here. It is also
possible to Define a waypoint by Range and Bearing from present position
in this Mode.

ALM: This 1is the Mode where Alarm limits are defined for the
Cross-Track Error alarm, the Border alarm, the Arrival alarm and the
Anchor Watch alarm.

Secondary (#) Function:

In each of these function the [#] key is pressed, followed by a single number. The
Function # in use is showing at right end of the third line of the display. To leave a
secondary Function, hit either the left or right arrow keys.
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#1: This is the Initialization Function. The user enters the approximate
present position, and if he chooses to Disable automatic selection, the
GRI and the slave secondaries for use by the LC-90MKII.

#2: This is the Position Offset Function. The operator may enter the
amount of delta L/L or delta TD offsets desired for a particular area.
There are nine "pages" of offset information that may be stored in
memory.

#3: This is the Averaging Time Function. The operator may choose the
amount of smoothing time constant to be applied to the L/L and speed
display. The type of output data available at the rear panel for external
devices such as plotters or printers is specified in this Function as well.

#4: This is the automatic ASF (Additional Secondary Factor) and
automatic Magnetic Variation Function. Both Functions may be disabled
manually. The amount of ASF correction automatically used by the
LC-90MKII in the present geographic area is displayed. Note that at 0
degrees variation, True North referenced bearings will be obtained.

#5: This is the Cycle Selection Function. The amount that the tracking
point is to be slewed manually is entered in this Function.

#6: In this function the SNR (Signal to Noise Ratio) and ECD (Envelope
to Cycle Difference) are displayed. These numbers give the operator an
indication of the quality of the incoming Loran signals. The display
shows which cycle of the Master and two secondary stations the
LC-90MKII is presently tracking, and shows in addition, the deviation of
the internal reference oscillator from the ideal frequency.

#7: This Function is the SNR Visual/Audio Indicator. It allows the
operator to make trial adjustments for example of the antenna location
while watching the display or listening to the LC-90MKII buzzer remotely.
The tracking point for the master and the two secondaries is also
displayed, as well as the numerical SNR value for each station.

#8: This is the Tuning Indicator Function. The operator may display the
level of signals, both interfering and desired, from 70 to 130 kHz.

#9: This is the Notch Filter status Function, where the frequency of each
automatic notch ftilter may be displayed, and if desired where each of the
four filters may be set manually on desired frequencies. The level of
signal on the frequency of each filter is displayed as well.
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INSTALLATION

As was pointed out in the Introduction to this manual, this machine can
only do its intended functions if it is installed properly.

GENERAL MOUNTING CONSIDERATIONS

The LC-90MKII consists of two units: the Display Unit and the Antenna
Coupler Unit. The Antenna Coupler has been designed to withstand all
the rigors of the marine environment, and if installed properly, is
thoroughly water-proof.

The Display Unit is carefully constructed to be able to withstand the
humidity and corrosive atmosphere common in a pilothouse, but it is not
designed to be used outside, directly exposed to the environment! Salt
water spray (or even coffee spills) will most assuredly cause damage to
the sensitive components inside. Keep these factors in mind when
“planning the installation of the Display Unit.

Many owners will undoubtedly use the LC-90MKII on small boats, many
with center consoles. The Display Unit must be mounted inside an
enclosed cabinet, completely shielded from salt water spray, and from
fresh water spray if the boat is usually hosed down after a day's outing.
‘Corrosion can occur, especially on the rear connectors exposed to salt
spray, unless these are taped and thoroughly sealed with putty
compounds made especially for this purpose. Most small center console
boats are equipped with such an enclosed cabinet behind the wheel, and
most have clear doors so that equipment may be seen behind them.

FURUNO WILL ASSUME NO RESPONSIBILITY FOR CORROSION
DAMAGE CAUSED BY EXPOSURE TO EITHER FRESH OR SALT
WATER SPRAY!

The LC-90MKII consumes very little power, so there is no need for forced
air ventilation. However it is necessary to provide at least some space
behind and around the Display Unit to allow some circulation of cooling
air and to provide convenient access to the rear connectors. If the
Display is mounted in the center cabinet of a center console type of boat
usually there is sufficient air movement to cool the unit properly.

Even though the LCD (Liquid Crystal) readout displays are quite legible
even in bright sunlight, it is a good idea to keep the Display Unit out of
direct sunlight or at least shaded because of heat that can build up
inside the cabinet.

It is a regrettable fact of modern life that small attractive electronic gear
seems to attract undue attention from thieves. In your installation
planning it is a good idea to provide means either to hide the gear when
you are not aboard or take the gear off the boat completely when you are
finished for the day. Consideration should be made to provide space for
access to the mounting hardware on the side and to the connectors
behind the Display Unit.
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DETAILED INSTALLATION INSTRUCTIONS:

Antenna Coupler Unit Installation:

The antenna coupler wunit is completely watertight when installed
correctly. It should be mounted as high as possible on the boat, free
frcm the influences of nearby antennas, rigging, and masts. Since it is
rarely possible to avoid nearby metallic objects, especially on small boats,
a compromise must be struck on most boats.

Most skippers prefer to have their VHF antenna on the highest mast
because this is their primary means to signal a distress situation. The
second most critical piece of electronics on the boat however should be
the Loran-C antenna, and if this must be on the same mast as the VHF
antenna, at least try to mount it on a crosstree on the other side of the
mast from the VHF antenna. A separation between antennas of at least 3
feet is needed.

Loran-C antennas can perform adequately on sailboats with transom
installations, but in marginal signal areas the performance may not be
satisfactory. The presence of stays and other metallic rigging can cause
the reception pattern to be somewhat more favorable in certain directions,
instead of being omnidirectional like it should be. Obviously, it is a real
nuisance to have to point the boat in a particular direction in order to
find out where you are! There are many sailboat installations where an
insulated stay works adequately but a separate whip antenna up in the
clear is still preferable.

Antenna siting is not all science, but neither is it all "black magic"
either. To determine the best location on your own boat it is suggested

VHF ANTENNA

Mount here or here,

BAD PLACEMENT
(shrouded by stays)

Fig.6 Typical Antenna Placement
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that you temporarily mount the antenna in a likely location and try it
out. Later in this section the recommended test method will be given to
determine if the installation site is OK.

The Antenna Coupler uses a standard 96 inch fiberglass marine "CB"
whip, which is screwed into the top fitting. (NOTE: so-called "loaded"
whips which are much shorter than 96 inches are not suitable as a whip
for the LC-90MKII.)

The body of the Antenna Coupler can be mounted in two ways:

1. The bottom of the coupler is designed to accept a threaded extension
mast (recommended height no longer than about 5 feet to prevent
undue flexing of the mast in heavy winds). The thread should be 1
inch diameter, with a pitch of 14 threads per inch.

2. The side of the coupler has a molded channel so that it may be
mounted directly to a stub mast with the two stainless steel hose

clamps. See the drawing below.

I 2,5mm (96 inch)
L ANTENNA

7P

HOSE CLAMP
WH1TWORTH N G M0 S sus
FINE
THREAD @
(W25-14) —

PIPE(p26.2mm) — &

: \!\MAST(ﬂ--t - 50mm)

Fig.7

The Antenna Coupler Unit comes with the interconnecting cable already
prewired into it from the factory. You may however find it necessary to
deal with the display end of the cable since the connector is supplied
already wired to the display end. The connector may not fit through
holes and wireways, and it may have to be removed and reinstalled later
after the antenna cable has been routed through the boat.

Display Unit Installation:

Locate the Display Unit in a position where it can be viewed and operated
conveniently but where there is no danger of salt or fresh water spray
or immersion.

The Display Unit is mounted in a trunnion mount. The mount itself can
be installed either overhead, on a bulkhead, or on a tabletop. Fig.8
shows the mounting dimensions for this unit. You can use the mount
itself as a template for locating the mounting bolt holes.

The Display Unit may be flush-mounted by using optional flush-mount
plate. See page 75 for panel cutout dimensions.
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As was stated before, make sure you allow enough clearance both to get
to the connectors behind the unit and to allow you to get your hands in
on both sides to loosen or tighten the mounting knobs. Make sure you
leave at least a foot or so of "service loop" of cables behind the unit so
that it can be pulled forward for servicing or easy removal of the
connectors.

90m(3)6>
< '

285mm<nj )

LCD VIEWING ANGLE
(Vertical Plane)

MOUNTING HOLES
MOUN RS HOLES
L -96

|
&\\ .
\ g0 ¢ —
B W
“:"ai;im LCD VIEWING ANGLE
Weight: 2.3kg (Horizontal Plane)

Fig.8 Mounting of the Display Unit

If you find it necessary to remove the antenna connector that goes to the
display, tollow the directions in the drawing below. If you don't know
how to solder or if you don't know how to do it well, it's best you leave
this part to a competent service technician. In perhaps 50 percent of
installation problems, poor soldering or wrong wiring of the connectors is
where the problem lies. DO NOT SHORT ANTENNA CABLE!

Coupllng Ring Solder Hole /Plug Assembly

—_— L e Hf—:E[[I}: T e

=i

Cut end of cable even, Bare 17mm{(0,67") of center Screw the plug assembly on
Remove vinyl jacket 34mm conductor-don't nick conduc- cable, Solder plug assembly
(1.34")-don't nick braid, tor, Trim braided shield 15mm to braid through solder
(0.6") and tin, Slide holes, Solder conductor to
coupling ring on cable, contact sieeve,
Fig.9

Unless you are also installing optional peripheral equipment (such as a
Track Plotter, Autopilot or a Printer), the only wiring necessary is far
the power connection and the antenna cable.
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Power Connection:

Ship's power lines are notorious for being "dirty" electrically. The
voltage can go all over the place as various heavy loads are placed on
the line, and the power wiring is a prime source for interfering electrical
signals (from such sources as alternators or generators, and other
electronics equipment, like radars or echosounders.)

The LC-90MKII is a very forgiving machine since it has a built-in
universal D.C. power supply that can take input voltages from 10 to 42
V.D.C. However, a piece of gear of this quality deserves to have a
circuit breaker dedicated to it alone. The size of the wire feeding power
to the unit should be no less than AWG 16 gauge (0.75mm square).

Ground Connection:

No less important for proper operation is the ground for the Display
Unit and the Coupler Unit. On a steel boat, a good connection to the hull is sufficient.
On a wood or fiberglass boat, it is best to use a ground plate mounted on the huli
exterior; if this is not practical the engine block can be used. Do not “share” ground
leads that go to other equipment in the console, but instead run a separate heavy-duty
wire for the LC-90 MKII alone.

Follow the drawing below for detailed wiring information.

Ant. Cable Extension Kit, OP-04-02 (OPTIONAL)
(10m, 20m, 30m, 40m or 50m)

Wrap with self-bonding tape
for waterproofing.

Ground

. Power
To auxilliary equipment:
(plotters, autoplilot,
etc,) . Black Red
oo oo
12/24/32V
BATTERY

Shipts bonding system-
metallic tanks, engine block,

through-hul | metal fitt+ings, etc, .
Fig.10

20



External Notch Filter Installation (Option):

It the LC-90MKII is used in fringe area where Loran-C signals are weak,
you might experience the interference problem caused by other
transmitters broadcasting on frequencies that are close to the 100kHz
Loran-C band. An optional external notch filter is available to solve this
problem. The filter is installed between the antenna coupler and the
main unit and at the place where is free from water spray. Note that the
tune frequency of the notch filter should be the same as that of the
interference signal.

TESTING AFTER INITIAL INSTALLATION

The best way to check for the adequacy of an installation, and for the
presence of noise aboard the boat which might hamper Loran-C reception,
is to use use the "SNR" (Signal to Noise Ratio) function in the LC-90MKII
itself. Make sure all electrical and electronic' machinery on your boat is
turned off before starting this test. This includes the engine and any
auxiliaries as well.

Before plugging the power connector into the back of the LC-90MKII,
recheck the polarity of the DC using a voltmeter. Then plug the power
connector into the back of the unit. Don't worry in the following
procedure that you might not understand exactly what is going on: the
details will be explained later in this manual. For now you just want to
be sure that the installation is good enough and free enough from
external interference so that you can run the LC-90MKII through its
paces, and learn how to use it later.

1. Turn on the LC-90MKII by pressing the [PWR] key while
simultaneously holding down the [CLR] Kkey. This will clear the
internal memory completely, and will allow the unit to initialize itself
for your geographic area. Continue to hold the [CLR] key until two
distinctive beeps of the buzzer are heard. The LC-90MKII will then
automatically go into its Initialization function #1, and will be ready to
accept the approximate Latitude of your present position. You must
know and enter your latitude within a tolerance of one degree from the
true position. For the sake of illustration, assume for now that you
are located near San Francisco, and that your present position is
approximately 37 degrees North latitude, and 122 degrees West
longitude. Enter the following keystrokes:

[3] [7] [ENT] Entering initial Latitude, Function #1

The flashing cursor will automatically advance to the longitude line,
and here you would enter:

(1] (2] [2] [ENT] Entering initial Longitude, Function #1
Note: if your present location is in the Southern latitudes or the

Eastern longitudes, you will need to override the default North and
West hemispheric values by pressing the [ O ] key.
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The cursor will automatically place itself on the next line, and the "A"
on that line will flash. For now we will use the automatic GRI and
slave selection function. Wait for less than approximately 120 seconds
to see what the LC-90MKII decides as appropriate values. In our San
Francisco example, the unit would automatically come up with a GRI of
9940, and with slave selections of 27 and 43. You needn't worry
about what these numbers mean, at this point. Simply go on and
leave Function #1 by hitting either the left or right arrow cursor
keys.

Now press the left or right arrow cursor key until the indicator lines
up over the "S/C" label. You should see displayed a screen similar to
the one shown below.

ASF . MAGV
373800
1222394
" g »ie
45"
. BE.BO . | Fig.11 S/C Mode Screen
s/iC

You may wish to watch the receiver go through its acquisition
sequence by hitting the [ O ] key. You can now watch as the unit
settles down on the correct TD values for your area. While the
LC-90MKII is busy first identifying the master and slave signals, it
will flash the MCYC, MSNR, SNR and CYC warning indicators. While
it is acquiring and locking onto the signals, these warning indicators
will stop flashing. When acquisition is complete (in about 3 to 5
minutes, depending on the quality of the Loran signals in your area)
all signal warning indicators will extinguish, and the TD readout will
be stable, with perhaps only the least significant digit to the right of
the decimal point changing randomly up and down a small amount.

Now call up the SNR function, the #6 Function, by first pressing the
[#] key and then the [6] key. You should see a screen similar to the
one below. .

MCYC MSNR
e (- 121
wanr- ELd

B 9 - I"Fl'#:

c5 Ja =

FI'EI' I’S s2| Fig.12 Function #6 Screen
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The SNR for the Master and the two slave secondary stations
automatically selected by the receiver are displayed on the left-hand
side of the third, fourth and fifth lines respectively. The maximum
value for SNR is "99," and unless you happen to be in a very strong
signal area, it is likely that at least one of the stations being received
will have an SNR value less than 99. It is important that you have at
least one station whose SNR is less than 99 so that you can easily
observe any small degradation of SNR as various interference sources
on your boat are investigated one by one. If at least one station
exhibits an SNR lower than 99, you may proceed to step 4 below.
Before doing that however, write down the SNR values for the three
stations, preferably in the back of this book so that you will have a
permanent record of SNR values. Otherwise, go to step 3 below
first.

In the extremely unlikely situation where all three stations have SNR's
of 99, go back to function #1 by pressing the [#] key followed by the
[1] key. Look in the appendix at the back of this book for the chart

that describes your geographic area. You will note that any
particular area has two slave secondaries associated with it that are
the optimum choices. However, most Loran chains have other

secondary stations available that do not represent optimum choices,
usually because they are far removed from that area, and thus would
be rather weak in signal strength. In the case of our San Francisco
example, the optimum slave secondaries are the "27" and the "43"

secondaries. However there is a third secondary station in the chain:
the "11" station, and it is located in Washington state, far from the
San Francisco area and hence probably rather weak. Again, you

shouldn't worry at this point that you may not know exactly what
these mysterious numbers mean, just note the two-digit value of the
other secondary stations that the Loran chain is capable of providing
in your own area of operation.

Going back to our example, if the Master and the two optimum
secondaries happened to be exhibiting SNR's of 99, then we might
select the "11" station to observe in order to evaluate subtle changes
in SNR readings due to interference from other 'sources on the boat.

Make sure you are in Function #1. Move down to the third line, using
the down arrow key ( W ). Hit [CLR], and then hit the [ O 1 key,
followed by [ENT] to change the "A" to "d," disabling the Automatic
Selection process. Move the cursor with the down arrow key (V)
down to the fourth line, hit [1] [1] [ENT]. Now go back to function
#6, by hitting the [#] key and then the [6] key. Observe the SNR of
the weakest station, and write the numbers for all three stations down
in the back of this manual. Now you can proceed to step 4 below.

Now, turn on the other electronics on the boat (radar, echosounder,
etc.) one at a time and observe the SNR readings over a period of
several minutes. Make sure you operate the other equipment in all
possible modes. For example, make sure that the radar is used in
both standby and then transmit modes, with the scanner turning and
turned off, etc. Write down the resulting SNR's for each piece of
gear, and then shut it off and do the next piece of equipment. If the
SNR reading drops from, say, 90 to 85, then you are probably OK,
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but if it drops from 90 to 60 or lower, you have a definite
interference problem that a qualified electronics technician is going to
have to fix before you can obtain proper Loran-C performance. Your
written record of SNR values will be helpful to him.

If you are quite fortunate you will find that no other piece of electronics
on board your boat interferes badly with your new Loran-C. Assuming
that your luck is with you and that this is indeed the case, let's go on
to test a device that in at least 90 percent of Loran-C installations does
cause an interference problem: the alternator.

There are several technical reasons why alternators seem to be
antagonistic toward Loran-C receivers, but going into the why's and
wherefore's isn't as important as figuring out how to cure the little beast
of this nasty habit. Start your engine and increase engine speed until
your charging ammeter goes upscale. You will probably now notice that
the SNR indication of your Loran-C begins to plummet.

Not all alternators respond to interference-removal techniques in the same
manner. Some alternators, it is sad to say, cannot be suppressed at all,
and these must be replaced or rebuilt if you wish to have useable
Loran-C operation. Don't blame the Loran-C receiver! It is a sensitive
instrument, and it is simply responding to the noise broadcast by the
alternator.

The first step to take when alternator noise is discovered is to try a
large electrolytic capacitor mounted right at the output terminals of the
alternator. The capacitor must be rated for the nominal output voltage of
the alternator, plus a 50% safety factor. For example, if the alternator is
a nominal 32V V.D.C. unit, you should use a capacitor rated for no less
than 32 + 32/2, or 48 Volts. A 50 V.D.C. unit should suffice.

This capacitor should be a "computer-grade" unit, that has internal vents
in case it should overheat and possibly explode, and the capacity of the
electrolytic capacitor should be about 10,000 microfarads or so. Be
careful to observe the polarity of the capacitor. Reverse polarity will
destroy the capacitor, and could damage the charging system as well.
The positive lead of the capacitor is connected with a short lead (less
than 4 inches long) to the Output terminal of the alternator, using a
large crimp lug to go under the terminal, in-parallel with the heavy lead
going to the battery bank.

The negative terminal of the capacitor should go to a mounting bolt used
to secure the alternator to its mounting frame. This lead also must be
kept shorter than 4 inches or so in order for the capacitor to do its job.

Do Not connect the capacitor to the Field terminal of the alternator, at
the risk of destroying the alternator itself.

Hopefully, the electrolytic capacitor will do the job for you, and if that is
the case you can proceed to mount it securely to the alternator, perhaps
by using "tie-wraps'". Make sure the capacitor isn't able to move around
under vibration, since the leads could be broken off.
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If you have any doubts about what you are doing, it is time to call in a
qualified electronics technician, especially if the simple capacitor
treatment doesn't do the trick.

Color TV's: One other particularly nasty interference source is the
typical home-grade color television, although sometimes a regular black
and white TV will wreak havoc on Loran-C reception. Unfortunately, the
only solution to this sort of interference is to turn the offending TV off,
or else purchase a commercial grade TV receiver which is better shielded
than the home-quality units.

HOW TO COMBINE WITH AUXILIARY EQUIPMENT

The LC-90MKII provides a data output connector on the back panel.
This is used for connection to peripheral equipment, such as a position
plotter, a printer, or an autopilot.

Position data is sent outside the LC-90MKII in one of several different
data formats:

a. IEC 61162-1
b. Furuno CIF (Computer InterFace) for Furuno peripherals.
c. NMEA 0183 Complex Format, for plotters.

d. Additional format: NMEA 0180 Simple Format, for Autopilots.

An optional connector cable kit (LC-1091 -- Furuno Code No.
000-041-156) is needed to access the output data.

The interconnection diagram is shown on page '78.

The output data format is selected on the Function #3. See page 69 for
details.
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BASIC LEVEL OPERATIONS

TURNING THE UNIT ON AND OFF

Press the [PWR] key. After several seconds (during which time the
LC-90MKII will be performing an internal self-check) the display will
activate. If an error should be detected during the self-check sequence,
an error message will be displayed on the screen. Details for the
meanings for these error messages are described in the Troubleshooting
Section.

To turn the LC-90MKIl off you must press both the [PWR] and [OFF]
keys simultaneously. This specific sequence is necessary in order to
prevent you from inadvertently turning off the unit by accidently
pressing the [PWR] key. If this were to happen you would have to wait
another five minutes or so after power is turned on again while the unit
acquires and locks onto the signals.

INITIALIZING THE NAVIGATOR FOR
YOUR OWN GEOGRAPHICAL AREA

The LC-90MKII is designed to retain in memory all information necessary
for operation whether it is turned on or off. An internal "keep-alive"
battery performs this function. Once the LC-90MKII has been initialized
for your area, you need do nothing more than turn the power back on
when you want to set out on a new voyage.

As "smart" a wunit as the LC-90MKII is, it still needs to know
approximately where it is located in order for it to home in on the correct
Loran signals for that area. Thus the first time you use the unit you
must initialize it for your geographic area. From then on, unless you
wish to override its automatic selections, the unit will determine the exact
position automatically. You must enter your approximate location within
about +/- 3 degrees, although you may have to be more accurate than
that if you are located in an area close to a baseline extension. In this
case the unit requires a starting location within about 1 degree of the
actual location.

Similarly, if you move the LC-390MKII more than about 60 miles
(approximately 1 degree in latitude) with the power off you will need to
reestablish the approximate starting position. Before you start operation,
obtain a Navigation Chart for your area, preferably one with Loran-C TD
lines overprinted on it. Keep this chart nearby as you go through the
various procedures so that you can verify that the LC-90MKII is giving
you reliable and sensible numbers.

Clearing the Memory:

The very first time you turn on your new unit, you will have to clear
the internal memory to ensure that no stray data has been stored there.
Make very sure that you want to clear the memory completely before you
do this: all information, including waypoints that you may want to keep,
will be lost after this operation!
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Make sure the LC-90MKII is turned off first, and then hold down the
[CLR] touchpad while pressing the [PWR] key. Hold the [CLR] key
down until you hear two beeps, and then you may release it.

Initializing Latitude/Longitude (Function #1):

After the memory has been cleared (or after you call up Function #1),
you will find the cursor on the latitude line. After clearing memory you
will find that the line is full of dashes. (After hitting the [CLR] button
after calling up Function #1 you will find the line full of dashes.) Enter
your approximate latitude. Assume for sake of illustration that you are
in San Francisco, and that the approximate location is 37 degrees North
latitude and 122 degrees West longitude. The sequence of keystrokes to
enter this information would be:

(3] [7] [ENT] 37°00.00"' N Latitude.

Note that the entry of trailing zeroes is optional. For example, you
could have entered the full latitude of "370000" rather than the short-
form "37" if you wanted to. The cursor will automatically move down to
the next line, where you will enter the longitude. The keystrokes for
this operation are:

(1} (2} [2] [ENT] 122°00.00' W Longitude.

Note that if the longitude were for example, 22 degrees West, you would
have to enter the leading zero:

(0} 12] [2] [ENT) 022°00.00' W Longitude.

Note also that the default values for latitude is North latitude and West
longitude. If you are in the Southern latitudes or Easterly longitudes,
you will need to override the default hemispheric values by using the
[ & ] key. For example, if you are located in Osaka, Japan, at 34
degrees North latitude and 135 degrees East longitude, you would enter:

{3] [4] [ENT] 34°00.00"'" N Latitude.
(1) (31 [5] [ &1 [ENT] 135°00.00' E Longitude.

Now you should find that the cursor has automatically moved to the third
line, and that the "A" on that line is flashing. This gives you the
opportunity to Disable the "Automatic" selection of GRI and the two slave
secondaries. At this time we suggest that you let the LC-90MKII
automatically select these values. In a later section of this manual you
will learn the procedure to Disable the automatic process.

Now the LC-90MKII will begin searching for the master and slave stations
to verify the present approximate position you just entered. The display
will show "9999" for the GRI, and "99" for both slave stations. The
"MCYC," "MSNR," "SNR" and "CYC" signal warning indicators will flash
at this time. After about a minute, these warning indicators will cease
flashing, and the appropriate GRI and slave secondary TD numbers will
appear on the fourth and fifth lines. A typical Function #1 is shown
below.
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Note that the secondary stations are represented by the first two digits
of the appropriate number of microseconds. You may wish to look in the
Appendix A in the back of this manual to assure yourself that the unit
has chosen the correct GRI and slaves for your area.

You should now go back to the S/C Mode to observe the receiver while it
is locking onto the Loran signals. Press either the <« or the Pp key
([MENU] key) to exit Function #1, and then press either one of these
keys until the Mode indicator arrow is lined up over the "S/C" label on
the front panel under the display. Now, press the [ O] key to watch
the TD's change while the unit is locking onto the Loran signals.

After acquisition and locking is complete all the signal warning indicators
will be extinguished, and the TD readings will be stable. You must
always remember that the unit is not ready for navigation until these
signal warning indicators are extinguished. These indicators will be fully
explained in a later section of this manual.

The acquisition process will take between three and five minutes,
depending on the quality of the Loran signals in your area. In areas of
signal interference, position data is unreliable for the first 20 minutes
because the notch filters are seeking out offending signals.

NOTCHING OUT INTERFERENCE

"At first power on, the LC-90MKII takes approximately 20 minutes to seek out
and notch out interfering local signals automatically. (During this period, the
position data on the readout may not be accurate.) Then the unit memorizes
the frequencies of these signals and the notch filters are preset on these
frequencies. You don't need to wait for 20 minutes at next power-up.

Note that when all SNR/CYC indicators do not extinguish approximately 7 to 8
minutes after power is turned on, the set is automatically reset to start a new
signal acquisition process.

If you are worrying whether the auto notch filters have 'notched out"
offending signals in your geographical area, turn off the unit after the first 20
minutes and turn it on again. If the filter is preset correctly, a stable readout
will be obtained within a few minutes."
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Switch to the Latitude/Longitude display by pressing the [ O] key
again. Note that the L/L readout is stable, and that your position is
displayed in degrees, minutes and tenths of minutes (not seconds!).
Check the LC-90MKIIl's position with that shown on your chart. It
normally should be reasonably close, but while you are in port the
position may be as far off as a quarter mile or so because of signal
distortion caused by passage of the signals over land nearby. Don't
worry: things will get more accurate once you are out of harbor.

However, it is still a good idea to check your TD numbers against those
from a nearby vessel and with your chart to ensure that the unit has
locked onto the correct point of the slaves and the master signals, and
that no strange things have occurred during the acquisition process. It
is well to remember that that the TD lattice printed on a Loran-C chart is
adjusted before printing to compensate for warping of the grid because of
ASF (Additional Secondary Factors), and that TD's plotted on such a
chart are thus inherently more accurate than the Latitude/Longitude
calculated from TD's. In other words, TD's are observed phenomena,
and Latitude/Longitude numbers are derived mathematically from this
observed data.

READING SPEED AND COURSE (S/C Mode)

Verify that the Mode indicator arrow is lined up over the "S/C" label. It
will take a minute or two after the receiver has finished its acquisition
process, but you will eventually see the display showing the Speed Made
Good and Course Made Good. Of course, if you are presently at the
dock, the speed should be close to zero, and the course will randomly
vary around the compass rose.

NOTE

This function as well as many others will only work
after the receiver has completed the acquisition
process and after all warning indications have been
extinguished.

The Speed Made Good is defined as the speed over ground, and is
calibrated in knots. The Course Made Good is referenced to Magnetic
North whenever the MAGV label is shown in the upper right-hand side of
the display. The amount of Magnetic Variation is automatically calculated
by the LC-90MKII for the your geographic area. You may at this time
wish to look at the amount of magnetic variation presently being used.
This can be done by accessing Function #4. Press the [#] key, followed
by the [4] key. A typical display is shown in Fig.14. The label "vAr"
in the top line of the refers to "Magnetic Variation," and the "A" shown
refers to "Auto," indicating that the variation is applied automatically.
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The preprogrammed magnetic variation values are the average of those in
an area of approximately 10 degrees latitude by 10 degrees longitude.
The preprogrammed variation is typically accurate within plus/minus 3
degrees, which is within the limits of accuracy to which most compasses
have been compensated anyhow. However, if more accurate magnetic
bearings are needed, enter the local variation manually, using the
following procedure.

Manual Entry of Magnetic Variation (Function #4):

1. Verify that the unit is in Function #4.

2. Press [CLR]. The "A" will change to a dash next to the label "VAR"
~on the top line.

3. Press [ O ] and then [ENT]. You will see the "A" change to a "d,"
indicating that the Automatic mode has been Disabled. Now the unit
has been placed in manual magnetic variation mode. The cursor will
automatically advance to the next line.

4. Type in the desired magnetic variation, followed by [ENT]. For
example, if the magnetic variation for your area is 12 degrees West,
the keystroke sequence would be [1] [2] [ENT]. If however the
magnetic variation is 12 degrees East, then the sequence would be
[ &1 [1] [2] [ENT], since the default (+) value, standing for West
variation, must be overridden. The MAGYV indicator at the top of the
display will be on whenever Magnetic bearings are in use.

True Bearings (rather than Magnetic Bearings) (Function #4):

If you would rather have the LC-90MKII display bearing in True (relative
to True North rather than magnetic north), this can be accomplished by
setting the magnetic variation in the Disable automatic mode to be zero
degrees. Verify that the LC-90MKII is in Function #4, and then select
the "d" mode using the [ O] key. Move the cursor down to the second
line and type in 00 for the variation. The entire sequence is:

{#] (4] [CLR] [ O] [ENT] [0] [0] [ENT) True North bearings.

The MAGV indicator at the top of the display will disappear.
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SETTING THE AVERAGING TIME (Function #3)

If you are still presently sitting at the dock while you are learning the
operation of your new Loran-C navigator, you may note that the speed
reading varies a bit, in a random fashion. This is a function of several
factors, most noteworthy being the strength of the incoming Loran-C
signals and the minute random variations of the propagation path between
you and the transmitting station.

The calculation of speed is sensitive to these random variations,
especially at low speeds. You may smooth out excessive speed
fluctuations by specifying an "averaging" time constant that in essence
lengthens the time interval over which the calculation is done. The
tradeoff for a less-jittery speed readout is that sudden changes in speed
(actual acceleration or deceleration of the boat) take longer to show up
on the S/C readout. In general, an Averaging time constant of 1 to 4 is
a practical value for most people, but you may want to experiment some
with the value that most suits you.

It should be noted that the Averaging time constant will affect the speed
that the Latitude/Longitude readout changes as well as the Speed
readout, but that the TD readout will not be affected. To change the
Averaging constant access Function #3. The amount presently used will
be shown on the first line, to the right of the label "AvE." To enter an
averaging constant of 4 you would use the following keystroke sequence:

[4] [ENT] Entering Averaging constant of "4."

For the time being don't worry about the other lines on the display.
We'll get into those subjects later.
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Fig.15 Function #3 Screen

AUTOMATIC ASF (Function #4)

You will remember that in the Elementary Theory Section that we said
that the LC-90MKII has a built-in capability of using TD offsets to
compensate for warpage of the TD grid occurring due to ASF (Additional
Secondary Factors) caused by propagation of the Loran signals over part-
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land, part-sea paths. This automatic ASF compensation will yield better
accuracy of the calculated Latitude/Longitude than will the raw calculation
using uncompensated TD numbers.

When the LC-90MKII is first used after the memory has been cleared, the
default setting for automatic ASF compensation is "off." For most
operations using latitude/longitude it is desirable to have the automatic
compensation engaged all the time. Only when TD numbers (perhaps
from a fishing buddy or your own old records from another Loran-C
receiver) are used will it be necessary to disable automatic ASF
compensation.

The LC-90MKII contains a built-in table of ASF compensation values for
geographic areas where these warpages have been measured by the U.S.
and Canadian Coast Guards, but other areas of the world have not been
measured as of this time. To activate the automatic ASF compensation,
you must call up the Function #4 by first typing [#] followed by [4]. As
with all the Functions it isn't necessary to use the [ENT] key after
typing in the [4].

You should now see a screen similar to the one in Fig. 14, where the
cursor will be on the "A," since it is flashing. This is the Automatic
Variation function. You will need to hit the down arrow key twice, and
hit [CLR] followed by [ O 1. You should see the "OFF" indication next
to the label "ASF" change to "On." If your geographic area is one of
those that have ASF compensation values tabulated for it, after less than
about 2 minutes of computations, you will see the values of TD offsets
that will now automatically be factored into the L/L computations. If
your area doesn't have any ASF compensation values available, the "ASF"
indicator that has now appeared on the top of the display will blink.
Otherwise this indicator will be steady, indicating that automatic ASF
compensation is in effect. '

Note that the ASF compensation values programmed into the LC-90MKII
are the average values for a 1 degree by 1 degree grid. If for some
reason you need more accurate compensation values, you will have to
enter these manually. This procedure will be covered in the Advanced
Level Operation section later in this manual.

Meanwhile, go back to any of the Modes showing present position (Modes
5/C, TTG, R/B, XTE, and CLC) to see your present position. Compare
this indicated position to that on your chart, and you should see that it
compares more closely than it did before ASF compensation was applied.

ASF correction

ASF is the plus or minus offset value applied to two measured TDs. For example, if the ASF
of a TD of Slave 1 is +0.2 us and that of a TD of Slave 2 is -0.3 us, own ship position is
calculated as follows:

TD before applying ASF: Slave 1 = 13333.8 us Slave 2 = 40265.5 us
TD after applying ASF: Slave 1 = (13333.8+0.2) Slave 2 = (40265.5 - 0.3)
= 13334.0 us = 40265.2 ps

The Loran C receiver uses the ASF offset applied to TDs to calculate latitude and longitude
position, and display it on the screen. Note that the TD values shown on the display are
usually with no ASF offset.
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DIMMER:

The backlighting illumination level for the display and the keyboard may
be varied in four different levels of intensity: bright, medium, dim and
off. Press the [DIM] key four times to change the level in this
sequence.

SUMMARY OF BASIC OPERATIONS

If you have faithfully read this far, you will find that you have mastered
the basics necessary to use your LC-90MKII. You now Kknow the
following:

® You know how to enter your approximate location in Latitude/Longitude
for initialization of the unit.

e You know that if you stay in the same general area after the unit has
once been initialized that all you have to do at the start of a new day
is turn the power on to the LC-90MKII.

® You know how to read your position in both L/L and TD's.

® You know how to reduce jittery speed or L/L readings with the
Averaging function.

® You know how to apply automatic ASF compensation for more accurate
L/L computations.

e You know how to adjust the level of illumination of the readout and
the keyboard.

In fact, you know quite a bit about the LC-90MKII and how to use it.

The next section will go deeper into more of the quite incredible things
that the LC-90MKII can do for you.
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INTERMEDIATE LEVEL OPERATIONS

In this section we will start dealing with functions that will allow you to
plan, and then actually make, voyages to destinations of your choice.
You may wish to go to a specific position such as a particular buoy, or
you may wish to return to a place where the fishing was good previously.

If you are a commercial fisherman you may want to go back to an area
where you know where the "hangs" (net hang-ups) are so that you may
be able to avoid them and not tear up your nets.

ENTRY OF A POSITION INTO A WAYPOINT (WPT Mode)

In Navigation terminology, a particular location is known as a "Waypoint,"
whether it be a starting point, a destination point or an intermediate
point on a voyage.

The LC-90MKII is capable of waypoint entry by four different methods:
a. By Latitude and Longitude coordinates of a location.
b. By TD's (Time Differences) of a location.
c. By using the [SAV] button to store present position in a waypoint.
d. By Range and Bearing from your present position.

In the early days of Loran-C technology many people became quite
accustomed to the use of TD's; after all, TD-only receivers were the
only ones available at reasonable prices. Many commercial fishermen
especially developed an extensive list of TD's where they had
experienced either good fishing or had encountered "hangs."

Modern receivers, with their ability to use Latitude/Longitude directly,
are easier to use for most people since all navigation charts are printed
with Latitude and Longitude coordinates, and only a relatively few charts
are available with Loran-C TD overlays.

Many commercial fishermen with their hang logs in TD's will find that it
is a good idea to write down the corresponding Latitude/Longitude
coordinates next to their older TD information when they make a TD to
L/L conversion while entering specific positions as waypoints. (See the
Advanced Level Operation section for a tip on how to enter TD's as
waypoints, while still retaining the advantages of automatic ASF
compensation.) The other methods will be used during a voyage, when
you want to record an interesting place instantly, such as for example a
good fishing spot you happen across.

Now before you actually start punching in numbers, take a chart of your
area and choose a buoy or some other position you know and write down
on a scratchpad the Latitude and Longitude coordinates for your
waypoint.
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Using a divider, measure the distance from your present position to your
waypoint, and then write that down. Now measure the magnetic bearing
from your present position to your chosen waypoint using parallel rulers
and write that information down. What we will be doing is comparing the
numbers you have derived for Range and Bearing with those from the
LC-90MKII.

Waypoint Entry By Latitude/Longitude Coordinates (WPT Mode) :

Entry of a position into a waypoint is a two-step process. First you
assign a number to identify a particular waypoint, and then you enter
the desired position into that waypoint.

The LC-90MKII has one hundred waypoints into which position information
may be entered. These are numbered from "zero-zero" to ninety-nine.
The LC-90MKII allows you to look at the position already stored in each
numbered waypoint by specifying the waypoint and then using either the
L/L or the TD format to read the stored position.

Some people might search through the waypoints already stored in the
unit in order to find an empty waypoint in which to insert new
information. However, it is probably less confusing to insert data
sequentially, starting at waypoint one and proceeding upwards, one by
one, in the sequence that the waypoints will actually be encountered on
the voyage. Obviously, it's important that you write down your voyage
plan in your log so that you have a permanent record of which waypoint
is which.

Some operators prefer to reserve Waypoint ninety-nine as a sort of
"scratchpad," so that any interesting position information they might for
instance hear on the radio may be entered at the moment it is heard.
Any position data that have been stored in other waypoints thus will not
be disturbed, or even lost, in the heat of the moment. Waypoint "00" is
a special one. It is reserved for use when your present location is used
in a navigation calculation. This will be explored in more detail later.

Conceptually, waypoints are best thought of as being "Waypoints From" a
desired origin or as "Waypoints To" a desired destination. Several
navigation functions that will often be used in planning voyages make this
distinction between "From" and "To," even though any one particular
waypoint may be used for either purpose, since each waypoint defines a
specific location on earth, whether you want to go towards it or away
from it.

Let us assume for purposes of illustration that we wish to enter the
Latitude and Longitude position of San Francisco into Waypoint Zero
Seven. The coordinates are: 37 degrees, 40.00 minutes North Latitude,
and 122 degrees, 24.00 minutes West Longitude. You would of course
enter your own approximate L/L coordinates. The sequence of keypunch
operations would be as follows:

1. Move the right arrow key until the Mode indicator arrow is directly
over the "WPT" label on the front panel beneath the display. Observe
the waypoint number in use there now. The waypoint number is
located on the third line next to the "WPT" label. The first digit of



the waypoint number will be flashing to indicate that the data-entry
cursor is presently at this location. The latitude and longitude of the
waypoint in use at this time are displayed on lines four and five of
the display. If you want to see the TD's that correspond to the L/L
for this waypoint, hit the [ O ] key. Hit the key again to get back
to the L/L readout.

Note: if the L/L is zero degrees latitude and longitude in a waypoint,
the corresponding TD's will be non-zero values representing the TD's
that would be present at zero latitude, zero longitude. The exact
value of these TD's will change depending on the GRI in use by the
LC-90MKII at that moment. The important thing to remember is that
the LC-90MKII stores positions in L/L format in its .waypoint memory,
and that an L/L position of zero/zero degrees indicates that the
waypoint is empty.

b
oo™ Fig.16 WPT Mode Screen

Now respecify the waypoint to be waypoint zero seven. Use the
following touchpad sequence:

[ol [71 [ENT].
Note that the entry of the leading zero is necessary. Entering nn

after [CLR] will simply cause the LC-90MKII to ignore the input as
invalid. If waypoint zero seven is presently empty, you will see

zeroes on lines four and five. Now go ahead and enter the San

Francisco numbers, as the cursor has automatically advanced to the
next line after you hit [ENT].

{31 [71 [3] [8] [ENT] 37°38.00' N
(11 (21 (2] (2] [4] [ENT] 122°24.00' W

Note that the entry of trailing zeroes is optional. The LC-90MKII
senses when trailing zeroes are necessary and adds them as needed.
Now you may hit the [ O 1 key to see what TD's correspond to the
L/L you just entered. Note also that if we were operating in Southern
Latitudes and Easterly Longitudes we would have to override the North
and West defaults that the LC-90MKII has been normally set up to use.
For example, if the position of our Waypoint zero seven were 37
degrees, 40.00 minutes South Latitude, and 122 degrees, 24 .00 minutes
East Longitude, we would punch in the following sequence.
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(3] (7] (3] (8] [ &7 [ENT] 37 38.00' S

(1] (2] [2] (2] [4] [ <] [ENT] 122 24.00' E

Waypoint Entry By TD's (WPT Mode):

The second method of specifying a waypoint position is by TD's. This
process involves converting the TD's to appropriate Latitude/Longitude
coordinates and then using those coordinates for the waypoint. This
sounds like an involved process, but the LC-90MKII makes it
straightforward, provided that the operator uses some degree of caution.

Back in the section on How Loran-C Works we stated that Loran-C TD's
form hyperbolic shaped lines and showed a simplified drawing (Fig.17).
We have reproduced that figure here to refresh your memory.

You will note that these umbrella-shaped lines are symmetrical about the
baseline between the master and slave transmitting station. You might
think of the baseline as a mirror, where a TD line of position on one side
has a mirror-image on the other side of the line.

While it is true that for a particular Latitude/Longitude position there is
at least one set of two TD's that cross at that point, it is also true that
for any one set of two TD numbers there are two Latitude/Longitude
positions.

You'll probably have to think about that one for a while and look closely
at the drawing.
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What it all boils down to is that in order to convert a set of two TD's to
a set of Latitude/Longitude coordinates, you have got to be on the
correct side of the baseline (and its associated "baseline extension,"
where the baseline between the master and slave station is extended on
through past the slave.) Without all the jargon, the TD's for the posi-
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tion you want to put into a waypoint must be within about one hundred
miles or so of your present position in order to use the TD to L/L
conversion, and they shouldn't be on the opposite side of a baseline
extension from your present position. It is a good idea to plot the
resulting L/L reading that the LC-90MKII comes up with in making the
conversion between TD's and L/L on a chart to see if the calculated
position makes sense to you.

Let us use the following numbers as an example. The GRI in use is
9940, and the Slave stations in use are the "11" and the "27" lines. We
assume here that LC-90MKII has already locked onto the signals, and that
the desired TD's are relatively close by -- for example, they may have
been sent to you over the VHF radio by a fishing buddy. The TD's to
be converted are: 12885.0 and 27932.4 microseconds. The approximate
Latitude/Longitude at these TD's is 44 degrees, 30 minutes North
Latitude, and 124 degrees, zero minutes West Longitude.

(Note that the slave stations that the LC-90MKII is presently tracking
should be the same as the TD's you want to use to make the conversion
between TD's and Latitude and Longitude, and it is necessary for the
GRI in actual use to be the same as-the one that was originally used for
generating the TD's you want to enter.)

Another important point: if the automatic ASF compensation function is
activated (as recommended for most operations), and if you wish to make
a conversion from TD's to L/L, you should manually compensate your
TD's to reflect local ASF values before making the conversion to L/L.
See the section "USING ASF WHEN ENTERING TD'S FOR WAYPOINTS"
under Advanced Level Operations for details.

Alternatively, you might disable the ASF function when using a waypoint
converted from raw TD's to L/L in order to obtain accurate
Range/Bearing readings, especially when you get near the desired
waypoint. You can disable the automatic ASF compensation function using
Function #4.

The sequence of operations is:

1. Call up Function #4 and disable the ASF Auto function, if it is on.
The keystroke sequence is as follows:

(#] [4] { W] [ W] [CLR] [ O] [ENT]

ASF MAGY
N ‘U”_ F)’
(°
I
A5F [QFF.H

. Fig.18 Function #4 Screen
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2. Call up the WPT Function by moving the left or right arrow key until
the Mode indicator arrow is lined up directly over the "WPT" label on
the panel under the display. Specify the waypoint number into which
you wish to store the TD information (we'll use waypoint zero eight
here), and then enter the desired information. The following
touchpad sequence would be used:

(0] [8] [ENT]) [< 1 (1] (2] [8] [8] [5]1 [0] [ENT]
(2] [7] [9] (3] (2} [4]) [ENT]
3. Now switch back to the L/L display to see the resulting L/L. You

must wait for the L/L display to settle down with all numbers and
indications stable before proceeding on to any other Mode or Function.

Waypoint Entry of Present Position ([SAV] key):

There are times when you will want to store your present location into a
waypoint. For example, you might have come across a particularly good
fishing spot, and want to record it as a waypoint so that you may return
to this location at a later date. The procedure is simple: first, store the
present position into the Event Memory by pressing [SAV]. Then,
transfer the data from an Event Memory to the Waypoint Memory. For
example, if you want to store your present location into waypoint 09, the
entire sequence is "[SAV] [0} [9] [ENT]."

Waypoint Entry by Range/Bearing From Present Position (CLC Mode):

The LC-Y0MKII provides for waypoint entry by using Range/Bearing from
present position in the CLC Mode. The calculated position from the
range and bearing you have entered are displayed in the upper two lines
and stored into the "To" waypoint selected in the third line. You will
see the N, S, E, W hemisphere indicators flashing in the CLC Mode to
warn you that the L/L shown is not your present position.

You must be very careful that the waypoint into which you want to put
the new information is empty before doing this operation. Otherwise a
waypoint with desired position already entered into it will be overwritten
instantly, and you will lose any information you may have wanted to
keep. Before calling up the CLC Mode, look at the target waypoint to
make sure that the L/L stored there is zero/zero by using the WPT Mode.

Assume for sake of illustration that your present position is 37 degrees
38.01 minutes North latitude, 122 degrees 24.01 minutes West longitude in
San Francisco, and that you have found an interesting target on your
radar with a range of 3.4 n.m. and a relative bearing of 135 degrees off
your starboard bow. The magnetic compass reading at the time is 46
degrees.

The target of interest is thus at a bearing of 46 plus 135 degrees
magnetic, or in other words, a magnetic bearing of 181 degrees. We
assume now that your LC-90MKII is set up for automatic Magnetic
Variation operation. Let's put the position of this target into waypoint
32. First, get into the CLC Mode.
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1. Type the desired "To" waypoint on the third line, where at this time
the cursor is blinking, waiting for data entry.

(31 [2] [ENT]
The cursor will automatically advance to the next line.

2. Type in the range of 3.4 n.m. and 181 degrees magnetic, using the
following keystroke sequence:

(0] (3] [4] [ENT] (1] (8] [1] [ENT] Range

=3.4 n.m.
Bearing =

181 deg. mag.

The result will be displayed in the upper two lines. During the
calculation, the degree indications will be flashing. Wait until the L/L
readout and the flashing degree indications stabilize before proceeding to
another Mode or Function.

SELECTING WAYPOINT(S) FOR USE WITH OTHER MODES
AND FUNCTIONS

To prepare for making navigation calculations using waypoint(s) you must
first select either the single waypoint towards which you want to proceed
from your present position, or you must specify the two waypoints
between which you want to travel. The FR/TO display is used to select
waypoint(s) for later use in other Modes.

To specify the waypoint(s) of interest, call up the FR/TO screen by
pressing [FR/TO]. The display should now be the figure below.

Fig.19 FR/TO Screen

There are three ways in which Waypoint information may be selected in
the FR/TO display:

a. As a destination waypoint from your present position (00).

>b. As a pair of waypoints, the left-hand one being the "From"
waypoint, and the right-hand one being the "To" waypoint.
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c. As a pair of waypoints in a Route, which is a preplanned set of
waypoints which you want to follow in sequence. This latter type
of waypoint selection will be covered later on in this section when
Route Planning is discussed.

Selection of a Destination Waypoint from Present Position:

First, let us select a single waypoint towards which you want to navigate
from the present position. This is normally used when you want to do a
simple Range/Bearing computation from your present position to the
desired waypoint location.

Waypoint zero zero ("00") has been described as a unique waypoint.
"00" always refers to the present position of the LC-90MKII. In fact, if
you call up "00" in the WPT Mode, you will find that you cannot enter
data into it. In order to specify a waypoint to navigate towards from
your present position you need to specify the waypoint selection as "From
00" to the "To waypoint" of interest. As complicated as this is to explain
in words, it is really a simple process. Let us say that you want to
proceed to waypoint number "04" from your present location. Suppose
further that waypoint number "04" has already had a position stored in
it, let's say the position of .a buoy outside the harbor.

1. Press the [FR/TO] key, and then key in the following:
(0] [4] [ENT] From waypoint 00 To waypoint 04.
It is not necessary to type the "From'" waypoint (00).

You should see an arrow in the third line separating the "From 00" and
the "To 04" waypoints. In other words, the two digits on the left-hand
side represent the starting waypoint and the right-hand digits represent
the destination waypoint.

If you would like to confirm the coordinates of each waypoint, call up the
WPT Mode and enter the waypoint number desired. If the waypoint has
been specified by -TD's you may hit the [ O] key to see the TD's.
Make sure that you hit the [ O] key again to get back into the L/L
format.

Specification of a Pair of Waypoints ("From"/"To" Waypoints):

Now let's try selecting a pair of waypoints. This is done whenever you
want to go between two waypoints. This is also needed when you wish to
specify a line defining the Border of a particular zone which you want to
avoid. Border alarm will be described in detail later on in this section.
1. Press the [FR/TO] key, then type:

[CLR} [5] [5] {5] [6] [ENT] From waypoint 55 To waypoint 56.

The display will show the starting waypoint "55" on the left-hand side,
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with an arrow pointing to the right towards the destination waypoint
"56.H

You can now go to another function which uses waypoints, since you
have specified the waypoints of interest.

RANGE AND BEARING CALCULATIONS (R/B and CLC Modes)

To steer to a waypoint, you would like to have two pieces of information:
the direction in which to steer, and the distance to the waypoint. The
LC-90MKIIl provides two forms of Range/Bearing calculations to aid you in

navigating to a waypoint or in navigating from waypoint to waypoint:

a. Simple Range/Bearing from Present Position to a waypoint
(R/B Mode).

b. Range/Bearing from waypoint to waypoint (CLC Mode).

Simple Range and Bearing from Present Position
to a Waypoint (R/B Mode):

The range and the bearing from present position is the most basic
information you can use to navigate to a waypoint. You have learned
how to select a destination waypoint in the FR/TO screen in the section
above. Now, select the R/B Mode by moving the Mode indicator with the
left or right arrow ([MODE]) key until it is lined up directly over the
"R/B" Mode label. The range and bearing from your present position to
the waypoint selected in the FR/TO display (calculated on the basis of a
Great Circle course) will be displayed on the bottom two lines in the R/B
display. The range is in nautical miles and the bearing is normally
Magnetic. 1f the indication "MAGV" doesn't appear at the top right of
the display, this indicates that you have manually set "00" as a variation,
and that the bearing is thus relative to True North.

The following figure shows a typical R/B display:

ASF MAG v
J7ra20onMnn
373500
123°027 ’
1CCcCc 3.5' wa
" o5 s
ve  J0387 ..
e B Fig.20 R/B Mode Screen
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Range and Bearing Between Two Waypoints (CLC Mode):

In the process of planning a voyage, a series of waypoints is usually
selected in advance, and a Range/Bearing calculation is made to get the
heading to use for the first leg of the voyage. As you approach the
first waypoint, you then will want to calculate in advance the next
heading to take in order to get to the second waypoint after you round
the first one. To do this you will need to use the CLC Mode in the
LC-90MKII.

The procedure is straightforward. In this Mode you needn't respecify
the waypoints presently being used by using the FR/TO screen.
Instead, you may make this calculation "offline" (to use some computer
jargon) without affecting normal operations of the LC-90MKII, which may
have been navigating between two waypoints already previously selected
already in the FR/TO screen. You wouldn't want to change the present
voyage parameters in order to do a planning calculation. Let's say that
you are presently traveling from waypoint 56 to 57 (selected in the
FR/TO screen), and that you want to determine in advance the heading
to set into your autopilot after you round waypoint 57 on the way to the
next waypoint 58.

1. First, get into the CLC Mode, using as usual the left or right arrow
key to line up the Mode indicator arrow over the "CLC" label. The
cursor will automatically place itself on the third line.

2. Now key in the following:

(51 [7] (5] [8] [ENT]I From waypoint 57 to 58.

You will now see the Range and Bearing for the voyage from waypoint
57 to waypoint 58 displayed on the fourth and fifth lines respectively.

See the figure below for a typical display screen.
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CROSS-TRACK ERROR FUNCTIONS (XTE Mode)
On a voyage between a starting waypoint and a destination waypoint, the

desired course between the two positions is known as a "track." It could
just as well be termed the "intended track" because although it is the
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intention of the user to follow this course faithfully, in reality, he never
can do so perfectly. The forces of wind, waves, current and even
steering errors or boat loading imbalances and propeller speed mismatches
on multi-screw boats can combine to throw the vessel off the desired
track.

Of course a sailboat has an even tougher time sticking to an intended
track, since it must constantly tack to move in spite of the wind
direction. We'll describe another function (the TTG Mode) later which is
designed to help the sailboater achieve maximum efficiency in spite of the
vagaries of the wind.

The amount which the boat is thrown off the intended track is termed the
"Cross-Track Error," often abbreviated "XTE." The angle of offset from
the intended track due to current, wind and other factors is referred to
as the "Course Offset."” The LC-90MKII is capable of calculating the
offset necessary to get back on course to your intended destination.
Note: if whatever was causing you to be off-course in the first place
remains in effect, there will be a continuous series of commands to
change heading to get back on course, unless you use an autopilot,
where you can add the course offset angle, and in effect "crab" your
way to the destination.

Look at the drawing in Fig.22. The perpendicular line from the intended
track to the actual position of the boat (at some time after the voyage
has begun) is the Cross-Track Error. The angle made by the actual
track (if it were continued on without any compensation) to the
destination is the Course Offset. In the example, it is necessary to steer
to the left, with a new heading equal to the original heading minus 30
degrees, to compensate for the effect of wind and current.

wpP “T0"

e
7
L7 OFFSET TO REACH

7
INITIAL ,/X ORIGINAL’T’RACK (4c)
,

HEADING

CROSS - TRACK ERROR
WP "FROM~
Fig.22

In order to use the Cross-Track Error function you must first select a
starting waypoint ("Waypoint From") and a destination waypoint
("Waypoint To"), using the FR/TO screen.

Get into the FR/TO screen and enter your starting waypoint and
destination waypoint. For example, if you are in the process of making a
voyage From waypoint 55 to waypoint 56, and you are thrown so far off
course by wind or current that it is inefficient merely to return back to
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the original track to continue on to waypoint 56, then you may use the
FR/TO screen to specify a new track by keying in "56," which translates
to: "From present position To waypoint 56."

Get into the XTE mode by pressing the [MODE] key. Fig.23 shows a
typical XTE display. Your present position is displayed on the upper
two lines. The waypoint numbers selected are displayed next to the label
"WPT" on the third line. The XTE on the fourth line varies from 0.01 to
9.99 nautical miles. The bar indicates to which side of the desired track
the vessel is off track, and the arrow points in the direction in which
you must steer to get back on course. If the XTE is within the preset
alarm zone, a single arrow and bar will appear. If the XTE exceeds the
preset value, two arrows and bars will be displayed. (We will get into
the setting of the various alarm zones later on in this section.)

The numbers on the bottom line describe the Course Offset (4C) and the
Distance to the waypoint. The minus sign in front of the offset indicates
that it is necessary to steer to the left. The offset angle is indicated up
a maximum of 99 degrees. When you have passed the "To" waypoint, a
minus sign will appear to the left of the distance display.

MAGV
by By |
4 135’5' IN
13330
ccocca4g 5
J¢35
e L0,
- EJ _" 4_/.85! .| Fig.23 XTE Mode Screen
XTE

VELOCITY TO DESTINATION AND TIME TO GO (VTD Mode)

Velocity To Destination (VTD) is differentiated from Speed Made Good in

that VID is a "vector" quantity while speed is a "scalar" quantity. A

vector quantity denotes not only the magnitude of speed movement, but

also the direction, whereas a scalar quantity denotes magnitude only. In

this particular case then VTD defines the amount of speed in the
direction of the desired destination. ,
wp “T0"

DESIRED
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PRESENT PCSITION
Fig.24
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The reason for all this seeming complication is that not only can wind and
current move a vessel off its intended track, but so can intentional
movements, such as when a sailboat tacks into the wind.

In the case of a sailboat it is very beneficial for the skipper to know how
much headway he is making toward the desired destination as he tries
various tacking angles to optimize his progress towards a mark.

The Time To Go (TTG) is the amount of time necessary to get to the
desired destination if the present VTD is maintained. TTG is obviously
an estimate, since in the case of a sailboat a series of tacking maneuvers
is usually necessary in order to get to a location, and in the case of a
powerboat the effects of wind and current are usually not constant over a
voyage.

The VTD is displayed in units of nautical miles per hour (knots), and
the TTG is displayed in hours and minutes, up to a maximum of 99
hours, 59 minutes. Presuming that you have set up a "From" waypoint
of 34 and a "To" waypoint of 56, the display screen below might be
typical of what you would see when you call up the TTG Mode.
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Fig.25 TTG Mode Screen

ALARM FUNCTION (ALM Mode)

There are four conditions that can trigger the audible and visual alarms
in the LC-90MKII: an Off-course Alarm which warns you that the
Cross-Track Error has exceeded a preset value; a Border Alarm which
warns that you are approaching too close to the border of an
unauthorized zone (such as the border of another country); an Arrival
Alarm to signal that you have arrived near a destination waypoint; and
an Anchor-Watch Alarm which warns that the boat may be dragging its
anchor. For each of these functions the operator may preset the lLmits
he wants to work with.

Fig.26 shows a typical ALM display. The present position is displayed
on the upper two lines. The "ON" or "OFF" on the third line indicates
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whether the unit is preset to sound an audible alarm or not. This status
can be changed by using the key sequence of [CLR] [ > ] [ENT].

WCH XTE ASF MAG Y

BCC

Out:Off-Course Alarm _..{.. 7 71 i'l c M
In: Border Alarm xTel)S [_I L PO Y Y v
WCH l,—-’ U ‘_7 " <= f---- Out:Anchor Watch Alarm
NM In: Arrival Alarm
ALM

Fig.26 ALM Mode Screen

The wvalue for the "Off-Course" or "Border" alarm is entered on the
fourth line, and that for the "Anchor Watch" or "Arrival" alarm is
entered on the fifth line.

The alarm will sound when the boat crosses the preset alarm zone from
inside or outside. The "In" and "Out" on the bottom two lines indicate
which direction is preset for the alarm function. "In" indicates that the
alarm will sound if the vessel ventures into the area, and "Out" indicates
that the alarm will sound if the vessel ventures outside the desired area.

If an alarm is activated, a visual alarm indication ("WCH" and/or "XTE”)
will also appear at the top of the display.

Off-Course Alarm (ALM Mode):

The Off-Course alarm is used when the Cross-Track Error function is
being used. You may preset the alarm limit from 0.00 n.m. (i.e., the
alarm is disabled) to a maximum lane width of 20 n.m. (that is, 9.99 n.m.
each side of lane center). The Off-Course alarm will sound if you go out
of the lane limits.

Fig.27 Off-Course Alarm
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For example, the touchpad sequence to use to enter a lane limit of one-
half nautical mile is:

1. Select the fourth line by pressing [ W 1.
2. Press [CLR].

3. Confirm that "OUT" is displayed next to the message "XTE". If not,
press [ O ] to change the display to "Out."

4. Type [0][5][ENT].

Border Alarm (ALM Mode):

The Border Alarm is used when you wish to define, between two
waypoints, a line that you don't wish to cross. The alarm will sound
when the boat comes into the hatched area as shown in the figure below.

For example, assume that you want to draw a line between Waypoints 7
and 8 and that we want to be sure you don't come closer than 1.5 n.m.
to that border. Once you are in the ALM Mode, the touchpad sequence
would be:

wP "T0"

1. Select the fourth line by pressing [ ¥ ].

2. Press [CLR].

BORDERLINE

3. Press [ O ] if "OUT" is displayed on the
fourth line to change it to "In."

XX MM,

4. Press [1][5][ENT].

Fig.28 Border Alarm

Arrival Alarm (ALM Mode):

The Arrival Alarm is used to warn that the boat is approaching a
destination waypoint. The area that defines an Arrival zone is that of a
circle, which you approach from outside the circle. The alarm will sound
if the boat enters into the circle.

Note carefully that how "tight" the Arrival Alarm is set defines how close
the boat must come to a desired destination waypoint before the alarm
sounds. It also determines when the LC-90MKII will automatically switch
to the next waypoint in a planned Route mode. Setting the Arrival alarm
too loosely (i.e., with a large radius) will cause the waypoint to be
switched automatically too far away from the desired point, possibly
causing a dangerous situation. You must be very careful thus when
setting the Arrival alarm limit if automatic waypoint sequencing is in use.
A setting of about 0.1 to 0.2 n.m. should be reasonable for most
situations.
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For example, to set an Arrival Alarm limit of 0.1 n.m., you would use
the following touchpad sequence, once you are in the ALM Mode.

1. Select the bottom line by pressing [ ¥ 1.

2. Press [CLR].

3. Press [ O 1 if "OUT" is showing

already, to change it to "In." APPROACH LIMIT

4. Type [0]J[1]1[ENT].

wP "FROM’

Fig.29 Arrival Alarm

Anchor Watch (ALM Mode):

The Anchor Watch alarm function is used to ensure that you are notified
should the boat drift outside a predetermined area while it is supposed to
be at rest. The area that defines the Anchor Watch zone is a circle
within which you want to stay, and the alarm will sound if the vessel
goes out of the desired circle.

Fig.30 Anchor Watch Alarm

ANCHOR WATCH (IMIT

For example, to set an Anchor Watch alarm limit of 0.03 n.m., you would
use the following touchpad sequence, once you are in the ALM Mode:

1. Make sure the audible alarm is set. The third line should say "On".
2. Select the bottom line by pressing [ ¥ ].
3. Press [CLR].

4. Confirm that "Out" is displayed next to the "WCH" indication. If not,
press [ 2] to change the indication to "Out."

5. Press [0J[0J[3]J[ENT].

Note that if you set the Anchor Watch alarm zone too "tight," that you
may have to get up in the middle of the night to reset it due to minor
fluctuations in the Loran signals. You may need to do some
experimentation to determine just how closely you want to set the alarm
limit depending on your particular geographical area. Now, store your
present position into an open waypoint(perhaps, 99) by hitting
[SAVI[9]{9][ENT]. Then, select waypoint 99 as "To" waypoint;
[FR/TOI[91[9]1[ENT]. Now if you drift out of the Anchor Watch zone the
alarm will sound.
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ROUTE FUNCTIONS (RTE Mode):

In many cases a trip from one place to another involves several course
changes, requiring a series of waypoints which you navigate to, one after
another. The sequence of waypoints leading to the ultimate destination is
called a "Route." The RTE Mode is used to create a Route Plan.

WAYPO I NT

WAYPOINT WAYPOINT

WAYPOINT

Fig.31

You may store a maximum of 10 routes in the LC-90MKII, and the unit
will tell you how to steer along each of these routes when you call them
up. Routes are stored permanently in the unit's memory even when the
unit is turned off. Each route consists of a maximum of 10 waypoints
and is given an identification number so that you may call up any route
and use it. The LC-90MKII can automatically advance to the next
waypoint on a route, so you don't have to change the destination
waypoint repeatedly on a voyage, provided that you have activated the
Arrival alarm in the ALM Mode.

Note very well and very carefully: although the Route Planning Mode is a
very useful and beneficial one to have available, the ability to switch
waypoints automatically during a voyage can potentially lead to some very
dangerous situations. If when using the automatic waypoint switching
facility you set the Arrival alarm too loosely, you can "cut a corner"
around a waypoint, leading to possible collision with other vessels or
leading to a possible grounding if you come too close to land. Use of
any navigational aid requires constant exercise of common sense and
caution!

Routes can be used for:

1. Point to point navigation (steering a precise, straight line between
two points over which you often travel.)

2. Repetitive running of a complex route, such as a harbor entrance
channel.

3. Returning to particular areas, such as locations of lobster traps, or
prime fishing spots.

Storing a Route (RTE Mode):

Before entering waypoints, the coordinates for each waypoint should be
determined and entered in the WPT Mode. See the section on using the
WPT Mode. In addition, you should set the Arrival Alarm limit, as
described in the section on Alarms.
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CAUTION

Be sure to record all important routes in a separate log. The LC-90MKII
is intended for use as a navigational aid; not a fail-safe record keeping
device. Neither is it intended to be used without caution regarding
possible dangerous navigational situations. A sequence of waypoints
leading out of harbor does not take into account any vessels recently
anchored nearby, nor does it take into account buoys or navigation
markers which may have drifted.

Press [MODE] to get into the RTE Mode. The display will look similar to
the one below.
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The number on the top line is the route number. The LC-90MKII is
capable of storing a maximum of 10 routes, numbered 01 to 10. Each
waypoint in the route is shown in numerical sequence, starting at 01 and
continuing to 10.

A maximum of ten waypoints can be stored and then observed later by
scrolling the display upward by one line with the [ ¥ ] key. A "-- " in
the display shows that no waypoint has been previously stored there.

Now as an example, let's enter waypoint 06 as the first waypoint in a
Route we shall create, called Route 02. The touchpad sequence would
be:

1. Press {0][2][ENT] to enter Route Number 02 on the first line. After
[ENT] is pressed, the left bar on the second line will blink, indicating
that the cursor has automatically advanced to this position.

2. Press [0][6][ENT] to enter waypoint 06.

3. Repeat step 2 for succeeding waypoints of your choice.

Following a Route:

Following a route in the forward or the reverse direction is the process
by which a stored route is used for navigation. The LC-90MKII displays
navigation information to guide you from one waypoint to the next, as it
automatically switches from waypoint to another in sequence (if the
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Arrival alarm has been activated) and if you do actually arrive at a
particular waypoint. More on this point later.

To follow a route which you have previously programmed into the unit:
1. Press the [FR/TO] key.

2. Press the [CLR] key, and then type two digits designating the
desired route on the third line of the display.

If you would like to traverse the route in the reverse order, for
example to return back to port, press the [ O] key before typing the
route number. For example, to follow route 02 in the reverse order,
type [CLRI[ O J[0][2]1[ENT].

The third line of the FR/TO screen should now appear as below,
showing Route 02, where you are now travelling between waypoints 34
and 56.
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Fig.33 FR/TO Screen

The selected route number is displayed on the third line followed by the
waypoint numbers in the route. The next waypoint is shown as the two
digits on at the right hand side of the arrow. Note that the LC-90MKII
will automatically select the first waypoint in the Route plan for you to go
towards from your present position. Thus if the first waypoint in a
Route is for example waypoint 34, then the display would show "00 - 34."
Once you arrive within the radius of the Arrival Alarm limit, the
LC-90MKII will signal your arrival by sounding the "WCH" buzzer for ten
seconds. Then it will automatically switch to the next waypoint in
sequence. For example if the next destination waypoint is 35, then the
display would show "34 - 35."

As described before, the LC-90MKII will automatically display the next
waypoint after passing the waypoint in use. Get into the TTG, R/B or
XTE Modes so that you can see your navigation information to the
destination waypoint.

In many common situations you may never actually "arrive" at a

destination waypoint, and thus you may not see the unit automatically
switch to the next destination waypoint. For instance, if you have
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specified an Arrival Alarm radius of 0.10 n.m., and your destination
waypoint 35 is a buoy in a busy harbor, you may find when you get
close to that buoy that a tanker has anchored nearby, blocking you from
ever reaching your destination.

Obviously you are going to have to dodge the obstacle, and in so doing
you would find that your Range to the desired waypoint would be
increasing rather than decreasing as you swerve around the tanker. In
this case you will manually have to override the automatic waypoint
sequencing.

You might also try another way to "arrive" at your destination waypoint.
This involves changing the Arrival Alarm limit to a larger number. This
way too is fraught with danger, for if you specify the Arrival limit too
loosely, let's say 0.50 n.m., you will indeed allow the automatic switching
to the next destination waypoint to occur, but you may then define a new
course to the next waypoint that takes you through a seawall or over
land!

It is far better to leave a reasonable Arrival Alarm limit of, say 0.10
n.m., and when you get as close as safely possible to the desired
waypoint which is now blocked then manually override the Route planning
Mode and go to manual waypoint sequencing. If you are adamant about
staying in the automatic waypoint sequencing Mode, then you may take
another tack: you may temporarily deselect waypoints that you have
already passed, and then proceed automatically again.

Temporarilly Deselecting a Waypoint in a Route (RTE Mode):

A waypoint in a route may be deselected temporarily by entering a "-"
(minus) to the left of the waypoint number selected in the RTE mode.
The temporarily neglected waypoint may be used again at any time by
changing the "-" with the [ O ] key. For example, let's use our tanker
problem situation, where the original Route Plan was:

Route 02 01
02
05
06
07
08

G W N

Let's assume that you have successfully negotiated waypoints 01 and 02,
and that you are presently going from waypoint 02 to waypoint 05. You
find that you are blocked from arriving at waypoint 05 by the tanker.
After you dodge the obstacle, you now want the LC-90MKII to get you
from your present position to waypoint 068, and then from waypoint 06 to
07, etc. afterwards. You must temporarily delete route waypoints 01, 02,
and 05 before calling up your desired Route plan 02 in the FR/TO
screen. You would use the following key sequence to temporarily delete
these waypoints.
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1. Put the unit in the RTE mode.

2. Select waypoint 1 by pressing the down arrow cursor.

3. Press [CLR][ < J[ENT]. (Typing waypoint 01 is not necessary.)

4. Do the same for the next two waypoints.

Now, when you respecify Route Plan 02 in the FR/TO Screen, you will
find that the LC-90MKII tells you that your waypoints are from "00 - 06."
When you do pass waypoint 06 successfully, the unit will sound the ten

second long Arrival Alarm, and will then switch to the "06 - 07" waypoint
sequence.

EVENT MEMORY ([SAV] Key)

Storing Present Position into an Event Memory

When you press [SAV] in any Mode, the position of the vessel at the
exact moment the key is pressed will be stored in the Event Memory for
future reference. Up to 20 such Event locations may be saved, having
Event Memory number 100 to 119. If you try to save more than 20
locations, the earliest locations will be overwritten, one at a time, to
make room for the latest positions.

CAUTION

Be sure to keep a separate copy of important
positions. The LC-90MKII is a navigation aid;
it is not intended to be a secure record-
keeping device.

Press [SAV] in any mode. The stored position is automatically put into
Event Memory number 100. When there are 20 Event numbers already
stored in memory, putting in another one will cause Event number 100 to
be overwritten. Event number 101 will be overwritten by the next new
event location. Figure below shows the typical Event (Save) screen.
The used Event Memory number is shown on the second line.

Press [MODE] to get back to ASF MAGY ]
the mode or function screen S H E
being used before pressing u L'J’
“::31 Memory "—' t D U
On the Event screen, you wPeT
may transfer the stored data - -
to Waypoint Memory: type a a2°7°9 090 I
waypoint number, followed J .- 9
by [ENT]. [ B g YR N W
Y icccAgar

Fig.34 Event (Save) screen
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Recalling an Event Memory

To call up the event data, press [RCL]. The latest event data will be
displayed after the message of "rECALL LASt" is shown at the lower two
lines. Further pressing of the [RCL] key will display the data from
second to the latest one, third, etc. To scroll the event data backward,
press [ W ].

If you want to call up the desired event data directly, press [RCL], [#]
and type two digits of event memory number, followed by [ENT]. It is
not necessary to enter the hundredth digit of the event memory number.
The figure below shows the Recall screen.
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t H5¢ 1222408

Fig.35 "Recall" Screen

The LC-90MKII allows you to transfer the data from an event memory
number to the waypoint memory if you want to. You need only specify
the waypoint number where you want to data from the Event memory
transterred. Be careful here. Any data that is already stored in the
targeted waypoint will be automatically overwritten when you do the
transfer. It is advisable to check the target waypoint before you attempt
to transfer position data from an Event Memory to make sure it is
unused.

For example, let's say that you want to observe the position stored in
Event memory number 105, and that you then want to transfer that data
into Waypoint number 59. The touchpad sequence would be as follows:
1. Press [RCL].
2. Uit [#][0]JI5J[ENT]. (Calling up Event Memory 105)
3. Hit {5][9]J{ENT]. (Transferring the data to Waypoint 59)

After hitting [ENT], the screen will automatically change to the

previous one.

4. Now verify that Waypoint 59 actually contains the Event data by
accessing the WPT Mode and calling up Waypoint 59.

wr
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CONVERTING COORDINATES (WPT Mode):

The LC-90MKII enables you to convert position coordinates from TD
format to Latitude/Longitude format and vice-versa in the WPT Mode.
First, get into the WPT Mode using the [MODE] key. Select an empty
waypoint memory number; i.e., one where the L/L is all zerces. If you
try to make a conversion using a waypoint that already has data stored
into it you will lose the earlier information completely.

Note also that the TD's you enter must be the same as the slave TD's
actually in use by the LC-90MKII and that the GRI must be the same as
the one presently in use. For example, assume the GRI is 9940, and the
two slaves in use are the 27 and 43 lines. We want to convert the
following TD's to L/L: 43156.7, and 27245.9 microseconds.

1. Call up the WPT mode.

2. Select an empty waypoint number (a waypoint where the L/L is all
zeroes) on the third line.

3. Press [ O ] to change the position display to the TD format, if
necessary.

4. Type TD1 on the fourth line:{4]1[31[1]1(5]1[6]1[7][ENT].

5. Type TD2 on the bottom line:{2)[7]1[21[4]1[5]J[9]J[ENT].

6. Press'[ O ] to perform the conversion.

To convert L/L to TD's, specify the desired (empty) waypoint number,
type in the desired Latitude and Longitude while in the L/L format, and
then press the [ O] conversion key.

Note that the LC-90MKII stores all waypoints as L/L positions rather than
as TD positions. The conversion between L/L and the corresponding
TD's thus may be a little bit different from measured TD's, perhaps as

much as 0.1 microsecond. This is the result of normal computational
accuracy due to rounding-off of numbers in the internal calculations.
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ADVANCED LEVEL OPERATIONS

WARNING INDICATORS

The warning indications on the LC-90MKII serve important functions,
advising you when extra caution should be exercised because of a
possible problem with the Loran signals.

Don't wuse position data from the display until all signal warning
indicators have been extinguished. These include "MCYC"/"MSNR" for
Master, "CYC"/"SNR"/"BLK" for both slaves and "PF."

The figure below shows secondary Function #6, displaying various
receiving status indications.

MCYC MSNR PF

s2 Fig.36 Function #6 Screen

SNR Indicator (Function #6):

It the SNR warning indicator for any of the stations appears, the signal
may have become too weak to use. In fact, the receiver may have lost
track completely or the station may have gone off the air.

SNR means "Signal to Noise Ratio" and is a relative measure of the
quality of the signal in the presence of noise, either generated locally on
the boat or generated in the ionosphere.

The SNR function is also used by a servicing technician to evaluate
problems either in the set itself or problems with noise generated on the
boat. To call up the SNR function, type [#][6]. The SNR for each
station will be displayed on the lower three lines as shown in Fig.36.

The right table lists the SNR Value Table

numerical values for SNR,

and shows what the various SR DESCRIFTION TR
values mean. READ | NG INDICATOR

T k to track
00 to 09 00 weak To Tra ON
(signal lost)

Auto-aquisition/

tracking OK

10 to 99 OFF
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CYC Indicator (Function #6):

If the "MCYC" ("Master Cycle") indicator for the master or "CYC"
("Cycle") indicator for either of the two slaves is on, the LC-90MKII is
trying to warn the operator that it may well have locked onto the wrong
cycle of the Loran-C signal.

All modern receivers track on the third cycle of the pulse. The signal
amplitude at this point is not terribly high, so in weak areas, the
receiver might become confused and lock onto the fourth rather than the
third cycle, since the fourth cycle is stronger. If this occurs on the
Master signal alone, the slave signals will be 10 microseconds lower, and
the position data (TD's) obtained will be in error; by as much as 3 n.m.

The LC-90MKIlI employs sophisticated mathematic algorithms to reduce the
possibility of a 10 microsecond error caused by weak signals, but if the
shape of the Loran-C pulse is distorted by passage over land, or by
reflection from other vessels, or even from masts or conductors on your
own vessel, cycle locking problems could occur.

In the top line of the secondary Function #6, the LC-90MKII displays
which cycle is tracked by the receiver.

MCYC MSNR
SL%D ,'U- ,',-_7",'
“55m- ECd
B 3 - i' '7#:
i gb =
i 15 =

Fig.37 Function #6 Screen

See Fig.37. "010" is displayed at the left-hand side of the top line. The
tigures from left to right indicate the tracking points for the Master,
Slave 1 and Slave 2 signals, respectively; "0" indicates that the receiver
thinks it is tracking on the correct cycle and "1" indicates that the
receiver suspects that it is tracking on the wrong cycle. For example,
in Fig.37, the slave 1 signal is shown as tracking on the wrong cycle.

EC D (Function #6):

The definition of "ECD" is "Envelope to Cycle Difference."” This refers

to the distortion of an actual pulse received off the air as compared to
the theoretical shape. The LC-90MKII can display a relative indication of

the magnitude of the problem by using Secondary Function #6.
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Deviation (Function #6):

The amount that the internal reference oscillator in the LC-90MKII has
drifted from its preset value is called the Deviation. The LC-90MKII
compares the frequency of its own internal oscillator with that transmitted
by the Loran-C stations, all of which have extremely precise master
oscillators. The nominal value for DEV is 000, set at the factory. If the
oscillator drifts too far, signal acquisition time may increase and tracking

accuracy may be affected. If this should occur the unit must be
serviced.
ECD Table
The left table below lists the
numerical values for ECD, Eco DESCRIPTION cve
and the right table lists the READING : INO ICATOR
numerical values for "DEV." -1 Tracking on eariier oN
cycle
-16 to -11 Signal distorted,
B might be tracking
Bh—\—-laLle on earlier cycle,
-10 to 10 Tracking on correct
DEY READING DESCRIPTION cycie OF F
-99 to 99 Normal aquisition/ 11 to 16 Signal distorted,
tracking attainable might be tracking on
| Less than -99 [t may not acquire later cycle,
or more than signatls, or even it 17 Tracking on later oN
+99 once acquired, might cycle
lose tracking easily. . Signal too weak to oFr
L measure ECD.

Audible SNR (Function #7):

In Function #7, if you override the SOUND.OF function on line 1 to show
Sound On (use the [CLR] key followed by [ O J[ENT]) you can use the
audible SNR function. In addition to the visual SNR readings shown on
the display, the duration of the beeps emanating from the buzzer
indicates SNR quality. The shorter the duration and the longer the time
between beeps, the poorer the indicated SNR is. You might use this
function while remotely trying various antenna positions.

ASF MAG VY
, Crg
Audible SNR Table qul'_u'l D,BF
SNR VALUE] AUDIO TONE INTERVAL L_b’ I’-'I[’__l'l'_
0to19 | - - i ‘
20 t0 29 | - - - - [ [ 3.7
30039 | - -- g
40to 49 | ---- ( J5 =
50 t0 59 | - - - | - oM
6010 89 | - - i ' s
70 to 99

Fig.38 Function #7 Screen




BLINK Indicator:

If there is a problem at one of the transmitting stations, it will begin to
transmit a warning indication called "Blink." - The LC-90MKII responds by
producing a blink indication that tells the operator which station is
having problems. If slave 1 is faulty, the blink indicator (BLK) will
come on at the far left-hand side of the top line; if slave 2 is faulty, the
blink indicator (BLK) will come on at the far left-hand side of the second
line and both blink indicators will come on if the master station is faulty.

In some areas of Loran-C coverage it may be possible to switch to a
different slave station if the one in use begins to blink, but if the master
station is faulty all you can do is wait for the problem to be fixed at the
station.

Power Failure Indicator:

If the main power for the LC-90MKII has gone off sometime during
operation, and if the operator hasn't noticed this, the LC-90MKII will
automatically reacquire the Loran-C signals after power is restored.
However, there is a possibility that a tracking or acquisition error may
have occurred. To warn the operator to check the position for accuracy
the LC-90MKII turns on the "PF"("Power Failure") indicator to tell the
operator that power was lost sometime in the past. To extinguish this
indicator, press any Kkey.

MANUAL CONTROL OF LORAN RECEPTION

Though fully automatic, the LC-90MKIl has several manually activated
signal reception controls, which may need to be employed on rare
occasions.

The experienced operator should become familiar with these controls and
their use, as navigation under extraordinary conditions may demand some
degree of immanual Loran signal control.

NOTE

It is strongly suggested that these manual
controls not be used unless they are
required due to especially poor signal
conditions, and wunless they are fully
understood by the user.

Manual Cycle Selection (Function #5):

When navigating at long distances from the Loran transmitters, it may
become necessary to step the cycle track points forward to a stronger
part of the pulse. Also, under conditions of extremely severe signal
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distortion, it might be necessary to aid the LC-90MKII in selecting the
correct 10 microseconds tracking point. Manual cycle stepping may
expose you to skywave contamination, with consequent navigational
inaccuracy. However, you would only use this function in extreme fringe
areas anyway, where some Loran coverage is better than none at all.

When employing the manual cycle selection, remember these points:

e Increasing a secondary transmitter by 10 microseconds will cause
that TD to read 10 microseconds higher.

® Increasing the master by 10 microseconds will cause both of the
slave TD's to read 10 microseconds lower.

® Increasing all transmitters by 10 microseconds will leave the TD's
unchanged.
The tracking point is stepped manually by the following procedure:
1. Enter Function #5 by pressing [#] and [5]. Do not press [ENT] at

this time. The display will look like Fig.39. The TD's being received
are displayed in the upper two lines.
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E'G.ﬂ s21 Fig.39 Function #5 Screen

2. Enter a 10 microsecond value (or multiples of 10 microseconds) for the
correction on the lower three lines: the third line is used for the
master, the fourth line is for S1 and the bottom line is for S2. Type
the correction value, followed by [ENT]. For example, if you want to
shift the tracking point of the S2 secondary 20 microseconds higher,
you would enter "20.0" on the bottom line by typing [2J[ENT]. It is
not necessary to type [0].

Manual Notch Filter Setting (Function #9):

Loran-C receivers are vulnerable to interference in the region of 60 kHz
to 140 kHz coming from sources such as. Decca chain transmitters or
military low {requency communication transmitters. The LC-90MKII
contains four notch filters to notch out and eliminate such interfering
local signals.
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Normally, these filters, excepting two preset filters, are used
automatically, since they will seek out and notch offending signals very
accurately all by themselves. There may be very rare occasions when
you may wish to notch out an interfering signal manually. To do this,
you must know the frequency of the interference. For example, there is
a very strong military transmitter operating on the frequency of 88 kHz
in the mid-Atlantic region of the U.S. This transmitter can cause
problems when a vessel comes close to its location near Annapolis,
Maryland. In this case it may be necessary to put two notch filters on
the same frequency of 88 kHz in order to knock down the level of this
transmitter sufficiently for the receiver to operate properly.

To tune or disable a notch filter manually, use the following procedure:

1. Press [#] and [9]. Filter numbers are displayed on the top line in
the secondary function #9. See Fig.40. When the unit is first turned
on after installation, four A's and two P's are displayed on the

second line, indicating that the receiver is using Automatic notch filter
operation and that two notch filters are Preset ones.
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Fig.40 Function #9 Screen

2. On the third line, type a filter number. (Do not press [ENT] at this
moment.) Let's assume that you want to use notch filter 3. Hit the
[3] touchpad.

3. Press [ O] until the indication "d" (referring to Disabling the
Automatic notch filter operation) is displayed next to the filter number
for manual tuning. (To disable the filter completely, press [ O ] until
an "o" (referring to Off) is displayed.)

4. Now press [ENT].

5. Type the frequency of the interfering signal on the fourth line. For
example, press [0]1[8][8]1[ENT] for an interfering signal of 88 kHz.
The signal strength of the selected frequency can be read on the
bottom line.

6. You would do the same procedure from 2 through 4 above if you also

wanted notch filter number 5 for example to be assigned manually to
88 kHz duty.
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7. To return to automatic tuning, you would need to hit the [ O ] key
until an "A" (Automatic) is displayed on the third line instead of "d"
or "O”-

8. The frequency and level of the interference signal eliminated by each
notch filter can be read on the lower two lines while the filter number
is specified on the third line.

MANUAL POSITION OFFSET CORRECTIONS

The LC-YOMKII is capable of storing L/L correction and/or TD corrections
internally for compensation of the L/L readout so that it more closely
matches the actual position of the vessel as shown on a navigation chart.
This manual compensation facility is in addition to the automatic ASF
compensation function. You must thus be careful that you don't
inadvertently call up both functions simultaneously, because then you will
be in effect making a double compensation you probably didn't intend to
invoke.

The LC-90MKII has ten "pages" into which correction information either
by L/L and/or by I'D may be entered. These pages are identified by the
exact GRI and slave TD's that are entered into each page, and are
invoked by the computer only once, after power has been turned on and
loran signals have been first acquired. For example, if you specify a set
ot correction values in page 01 using a GRI of 4990 (Central Pacific
chain), with slaves of 11 and 29, then this page will be  invoked only
when the first two digits of the slave TD's after acquisition are equal to
11 and 29, and when the GRI in used is 4990. This is true for both
Automatic or Manual selection of GRI/S1/S2 in Function #1.

This manual position offset correction facility should be specified only for
areas where automatic ASF corrections are not available. At present the
LC-90MKII has correction values built-in for the entire U.S. and
Canadian coasts, but since correction values are presently not available
anywhere else in the world, the ASF corrections outside these areas are
absent.

L/L Correction (Function #2):

Variations in signal propagation velocity can cause constant errors in the
computed Lat/Long position. In geographic areas where automatic ASF
corrections aren't available you may want to enter manual L/L
corrections.

In other cases, you may want to further refine the absolute accuracy of
L/L coordinates to match a particular chart, where the chart has been
drawn using a different datum reference than the WGS-72 datum used by
the LC-90MKII.

In either of these cases, you must first determine the amount by which
you need to shift the L/L readings. This is done by . comparing the
displayed L/L with the actual L/L that you want the unit to read, or by
using the correction data printed on the chart itself.
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In the first case where you are presently located at a position whose L/L
coordinates are accurately known, you may compute the difference in L/L
between what the LC-90MKII is showing and what you know to be the
actual coordinates. Then you would enter the differential values as
manual L/L corrections.

The second case is where you want to match up your L/L coordinates
with that of a chart printed using a different datum reference. The
LC-90MKII calculates Latitude/Longitude coordinates according to the
"WGS-72" (World Geodetic System 1972) datum model. Many older charts
are drawn using other datum models, for example, "Clarke 1866/1880" or
"Bessel 1841." The position calculated by the LC-90MKIl may not be the
same as the expected position on these older types of charts.

For example, reprinted below is a comment found on an older U.S. DMA
chart. On this chart it is necessary to add corrections of 11.49 seconds
South (11.49/60 = 0.19 minutes South) and 10.33 seconds East (10.33/60 =
0.17 minutes East remember, the LC-90MKII uses tenths minutes rather
than seconds.)

WORLD GEODETIC SYSTEM DATUM ADJUSTMENT

To place this chart on WGS-72 Dalum, shifi all porollels 11.49
seconds South ond oll meridions 10.33 seconds Eost.

Fig.41

1. Get into Function #2 by pressing [#] followed by [2]. You should see
a display similar to the one below. The previously used offset values
are displayed on the readout (the offsets will be zero is they haven't
been specified previously.)

aT/L
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E.I" E - G LI’.S 2 Flg.42 Function #2 Screen

2. The page identification number is displayed on the left-hand side and
the offset value tor Latitude is on the right-hand side on the top line.
The offset value for Longitude is displayed on the second line.

The GRI and slaves where the corrections will automatically be used
appear at the left-hand side of the lower three lines as shown in
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Fig.42. As explained previously, these values for GRI, S1, and S2
are important, for only when the boat enters the exact area bounded
by these values will this page of corrections come into effect
automatically.

Specify a page identification number and enter the offset value for
Latitude on the top line. (If you want to enter TD corrections instead
of L/L corrections, you would skip this step, and go on to the section
for entering TD corrections.) For example, an identification page
No.0Y (two digits) and a correction of 00.19 minutes South may be
entered by using the following keystroke sequence:

[OJ{9)LENT][O0]}(0}[1)[9]{ & JIENT] 00.19'S Latitude Correction

. The cursor will automatically advance to the next line after the [ENT]

key is hit. Type the correction value for Longitude on the second
line. For example, to enter 0.17 minutes East, use the following
keystroke sequence:

[OJ[O}[1IL7I[ENT]. 00.17' East Correction

Note that the [ -2 ] key cause the corrections to be entered in South
Latitude and West Longitude.

Now you must define the GRI and the slave TD's where these
corrections will automatically go into effect. Let us use an example of
a geographic area which has not been surveyed by actual at-sea
measurements of TD grid warpage: dapan. In this case we want to
specity the GRI to be 9970 and the first two digits of S1 and to be 18
and 36 respectively. The following keystroke sequence would be
appropriate once the cursor has automatically moved down to the third
line after [ENT] was hit in step 4 above:

(91191 (7IT0TENTI[1]{8][ENTI[3]1[6][ENT]

The above L/L offset values will now be applied whenever you are in
the geographic area bounded by these values; in our example above,
when you move the vessel to where the first two digits of the slave S1
are 18, and where the first two digits of the slave S2 are 36.
Whenever L/L or TD corrections are automatically applied, a AT/L
symbol will appear.

It by chance you try to specify a new page using the same GRI and slave
station values that you have used for a previously specified page, the
LC-90MKII will flash the GRI and slave offset values to warn you that in
etfect a contradictory command has been given to it.

TD Corrections (Function #2):

Normally, you will be using the LC-90MKII with automatic ASF corrections
so that the L/L readout will be as accurate as possible. You may
however enter your own TD correction factors if you want to do so, or if
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your particular geographic area doesn't have ASF compensation values
available for it. The procedure to enter TD correction factors would be
very similar to that above for L/L corrections, except that you wouldn't
enter Latitude or Longitude corrections on line one and two after
specifying a page number, but would proceed to lines four and five
directly to specify GRI, 81, 82, and their associated TD correction
values.

USING ASF WHEN ENTERING TD'S FOR WAYPOINTS

You will remember that cautions were given in the section on
"INTERMEDIATE LEVEL OPERATIONS" concerning disabling the automatic
ASF compensation facility if you are trying to navigate- to a waypoint
defined by raw TD's uncompensated for ASF values.

You should also remember that we suggest that in general you should
keep the automatic ASF compensation engaged for more accurate L/L
readings. There 1is a way around this seeming contradiction in
instructions when you are entering TD values for conversionr to L/L
coordinates and storage as waypoints. It involves a little more work on
your part, but it will give more accurate R/B readings with ASF
constantly engaged for all functions.

Basically, the process involves looking at Function #4 to determine what
the actual values for the ASF compensation are, and then manually adding
or subtracting the same values from whatever TD's you wish to enter
into the LC-90MKII for conversion into a waypoint in the WPT Mode. An
example should serve to illustrate this technique.

Assume that you are in the San Francisco area, at L/L coordinates of 37
degrees, 38 minutes North latitude and 122 degrees, 24 minutes West
longitude. Call up Function #1. Make sure you are in the Automatic
mode. (If you aren't in the Automatic mode you should turn off the
[PWR], call up Function #1, then call up the Automatic Selection
process.) You will see that the optimum GRI is 9940, and that the
LC-90MKIl has automatically selected the slave secondaries 27 and 43.
Now call up Function #4. The value for ASF for S1 (the 27 line) is +1.2
microseconds, and the value for ASF for S2 (the 43 line) is -0.4
microseconds. When the LC-90MKII 1is wusing the automatic ASF
compensation facility it takes the TD's displayed on the front panel and
adds these compensation values internally before making the TD to L/L
conversion. You will be doing the same thing manually.

Let's say that your fishing buddy gives you a set of TD's where the
fishing is particularly good, at 27260.0 and 43143.0 microseconds. To the
27260.0 value you would add the ASF of 1.2 microseconds, yielding
27261.2 microseconds. To the 43143.0 value you would add -0.4
microseconds, yielding 43142.6 microseconds. Now enter these into your
"scratchpad" waypoint 99 by TD's (WPT Mode) and convert to L/L. The
resulting L/L in WPT Mode will be:

37 degrees 39.00 minutes North latitude
122 degrees 23.94 minutes West longitude "Scratchpad"” Waypoint 99
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Now, a R/B calculation from your present position to this waypoint (with
the ASF enabled -- use Function #4) will result in the correct bearing to
take for you to join up with your friend.

This method of specifying a waypoint by manually adding the ASF
compensation values will allow you to keep the ASF function constantly
engaged, and will result in less confusion when making any calculation

involving waypoint(s), plus it will result in more accurate L/L readouts
all the time.

MANUAL GRI/SLAVE SELECTION (Function #1)

So far you have been using your LC-90MKII on one Loran-C chain, and
have been using the pair of slave stations selected automatically for you
by the unit. In many geographic areas however there may be more than
one pair of slave stations available.

The most important factors to consider when selecting slaves manually
are: (1) TD Gradients, (2) Angle of Crossing, (3) Baseline Extension,
and (4) Signal Strength. The operator should choose the Dbest
combination of TD's, taking into account all of these factors to obtain the
best accuracy when operating the LC-90MKII manually. The values for
GRI and the slave station selection chosen automatically by the LC-90MKII
are derived from considerations of station geometry and signal strength
for each geographic area. We are going to have to look again briefly at
some basic Loran-C theory to give you some insight into how these
considerations were derived.

TD Gradients:

Take a look again at Fig.l on Page 5, where a section of chart was given
showing an area off Yokohama, Japan. We determined that for the island
of Mikura Jima there were three LOP's (TD's) that all crossed at its
Southwestern corner, the 9970-X-36800, 9970-Y-60600 and 9970-W-17750
microsecond lines.

The. spacing Dbetween adjacent TD's for the 9970-X TD's is 200
microseconds. ‘The spacing between adjacent TD's for the 9970-Y TD's
is also 200 microseconds. The spacing between adjacent TD's for the
9970-W TD's however is only 100 microseconds. What this means is that
for any given change in position, the X and Y TD's change more than
does the W TD. This phenomenon is known as "gradient," and denotes
the amount of change of position for a given change of Time Difference.

Conversely, for any change in TD's for the X and Y TD's there would
be a greater change in position than for the W TD's. Obviously, the
smaller the position shift for a given change in TD's, the better the
accuracy we can expect in determining our exact position.

There is however a fly in the ointment. While the W slave station would
be a better choice (on the basis of gradient alone) in the area we are
considering near Yokohama, the station is located farther away then the
Y slave, which would otherwise be chosen to cross with the X TD's.
The W signal thus might be weaker and thus less reliable than the Y
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signal, even with the less desirable gradient characteristics of the Y
station. However, stations sometimes will go off the air for scheduled
maintenance or because of a problem. At these times it may be necessary
to choose manually another slave station in spite of the fact that it may
show less than optimum geometry or signal strength in your area.

Angle of Crossing:

In an ideal Loran-C world all TD's would cross at an angle of 90
degrees. Unfortunately, we don't live in such a world, so we must
consider the angle of crossing that actual TD's create. The closer the
angle of crossing is to a right angle the better the accuracy of
positioning will be. Close examination of Fig.l shows that the X and the
Y TD's cross at a better angle than do the X and the W TD's or the W
and Y TD pair, and thus are a better choice to use. Note that the
differences in angles of crossing of the X-Y, X-W, and Y-W pairs is
really not dramatic.

Sufficiently accurate navigational accuracy for most purposes actually
could be obtained by use of any of these pairs of TD's. It is merely
better to use the more optimum X-Y pair. It is a general rule of thumb
that you should be very wary of using TD pairs that cross at an angle
less than 30 degrees.

The LC-90MKII will automatically select the preferred GRI as well as the
preferred slaves for the desired position without user intervention if the
Automatic function is in use; however, you may choose to use another
GRI and/or slaves in your area if available. This is done by using the
secondary Function #1.

1. Get into Function #1 by pressing [#] followed by [1]. On the third
line of the resulting display the label "GRI" will be followed by a
flashing "A," indicating that automatic operation has been selected
previously. This must be disabled to use manual operation. Press
[CLRI[ > 1 (followed by a four digit code for a GRI if you wish to
change the GRI also), and then press [ENT]. A "d" will appear
replacing the "A." You will now have to select the proper slaves to
use.

2. For example, if the slaves automatically selected were "27" and "43,"
and you wish to use "27" and "11," move the cursor down to the fifth
line and hit: [1][1][ENT].

HOLDING THE TRACKING POINT (Function #7)

This is another function which is provided as an aid for servicing
technicians.

The LC-90MKI! tracks on the third cycle of the pulse. The signal
amplitude at this point is not terribly high, so under high noise or at the
extreme limits of its range, the receiver may automatically track the
signal at a latter cycle (high SNR point).
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If you set the "Tracking Point" to "Hold" mode, the receiver tracks the
signal at the correct point and you can read how poor the SNR might be.

Press [CLRI[ O ] and [ENT] on the third line of the secondary Function
#7. The legend "Hold" appears instead of "Free" to indicate that Cycle
selection has now been frozen.

SELECTING OUTPUT DATA FORMAT (Function #3)

The LC-90MKII sends out to external devices (such as plotters and
printers) the position and autopilot data through a connector on the rear
panel. The position data may be sent out in either IEC,Furuno CIF format
(Computer InterFace) or in the NMEA 0183 complex format. The autopilot
data is sent out in the NMEA 0180 simple format. To choose the format
for the output data access Function #3, then use the following touchpad
sequence:

1. Hit the down arrow key once to move the cursor down to the third
line.

2. Press [CLR]. Pressing the [ O] key will alternate the display
between the following output data formats:
“IEC,” for IEC61162-1 data.
“CIF,” for Furuno CIF (Computer InterFace)
“dSP,” for Display of display screen on outside terminal.
“183,” for NMEA 0183 data format output.

3. Select the desired oufput format (CIF or 0183), and press [ENT].
The selected data is sent out from pins #1 and #2 of "OUTPUT"

connector.
ASF MAGV
AuE 3
OUEPUE
IEC/CIF/Dsp/183 - |---F - [ (E 7.3
183/180/dSP ... O . 2 180
SorFrt

Fig.43 Function #3 Screen

4. Once the [ENT] key is pressed, the cursor will advance to the next
line, where you may select the autopilot output format. Many modern
pilots are designed to interface with a Loran-C receiver that produces
the NMEA 0180 simple data format. In the future it is expected that
some autopilots will be able to use the more complicated NMEA 0183
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complex format. For now, though, if you want to interface your
compatible pilot with the LC-90MKII, you would select the 0180 format on
the fourth line.

[CLR}[ O ] (to show "180") and then press [ENT].
The contents of the NMEA 0183 data may be changed at the bottom line of

the Function #3 screen. There are seven data types to be selected as
below.

SORT 1: $LCGLL, LCXTE, LCAAM, LCVTG, LCBWC, LCBOD
SORT 2: SLCBWW, LCWNC, LCWCV, LCZTG, LCWPL

SORT 3: Sort 1 + Sort 2

SORT 4: $LCRMA, LCRMB

SORT 5: Sort 1 + Sort 4

SORT 6: Sort 2 + Sort 4

SORT 7: Sort 1 + Sort 2 + Sort 4

It you would like to select the SORT 3, move the cursor to the bottom
line, and then, type [CLR] (3] [ENT].

TUNING INDICATION (Function #8)

The LC-90MKII provides a "Tuning Indication" in secondary function #8,
moinitoring the signal strength in frequency range between 70 and 130
kHz. The chosen frequency is shown on the display, and the signal
level is indicated by a number, from 00 to 99.

Get into Function #8 by pressing [#] and [8]. The frequency selected is
displayed on the third line next to "Fr." To change the frequency (in
0.2kHz steps), push the [ ¥ ] or [1] key. The signal level is displayed
on the top line.

ASF MAGYV

Fig.44 Function #8 Screen
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TROUBLESHOOTING

Self-Check 1:

As already described, the LC-90MKII carries out its self-check
automatically, each time power is turned on. If the self-check sequence
detects a failure on the CPU board, an error message "ro 1", "ro 2",
"rA", Cl xxx" or C2 x" will be displayed. ("x" in the preceding
messages stands for a digit of some sort.) If one of these messages are
displayed, the CPU board (04P4061) should be replaced with a new one.

Self-Check 2:

This self-check 2 is provided to check the LCD display, the output data
to the peripheral equipment and the keyboard. To perform this check,
press the [ENT] key just after the [PWR] key is pressed. Hold the
[ENT] key down until you hear two beeps, and then you may release it.

The display will go through the following sequence automatically until the
unit is turned off. There are two sequences in accordance with the
following initial setup conditions. If you insert a test plug, made locally
using an SRC connector (type: SRCN6A16-10P, Code No.000-508-663) ;
pins #2, #4 and #6 shorted together, and pins #1 and #3 shorted
together), and if you run Self-Check 2 without the test plug.

Without test plug:

1) The message "A9.9" will appear on the display.

2) This display will change to "td2 Err." Because no test plug is
connected.

3) After a while, "LCD tESt" will be displayed, and then all segments
of the LCD display will come on.

4) Then a series of bars corresponding to the touchpad key positions
will be displayed after the message "kEy tESt" has appeared on
screen.

5) Press each keypad, confirming the change of the corresponding bar
to "8" on the display.

6) To end the test, press the [PWR] and [OFF] keys simultaneously.

With test plug:

1) The message "A99" will appear on the display.

2) If the error message "tdl Err" or "Td2 Err" is displayed, the data
output circuit is likely to be faulty. Replace the CPU board.

3) Now follow the steps 3) through 6) above.
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Remember that an unusual symptom may be caused not only by a faulty
circuit but also by Loran-C signal conditions, or even operator error.

1. Signal Interference(Quality)

Signal quality is very important in determining the exact point at
which the receiver locks onto and tracks the signals. A poor signal
causes erratic indications and tracking may occasionally be
interrupted. The signal quality can be checked with the CYC/SNR
indicators and the SNR/ECD display. Select another secondary or
chain if it is confirmed that the signal is too weak or distorted.

2. Defective Loran Transmitters
The "BLINK" warning indicators are provided to indicate the condition
of the transmitting stations. The warning indicator comes on
automatically when abnormal conditions exist of one or more stations.
3. Inadequate Unit Installation
The performance of LC-90MKII largely depends upon its installation;
especially antenna location, grounding and noise suppression. This
problem will probably require the assistance of your dealer.
4. Improper Operation
This requires the operator to consult the instruction manual or ask a
dealer for assistance.
SYMPTOM POSSIBLE CAUSE REMEDY
Nothing appears, 1. Switch at main switch- 1. Turn on the main switch,
board is turned off,
2, Power plug is .loose or out, 2, Secure it firmiy,
3. "MAIN" tuse(2A) at rear 3. Check mains voltage and
panel has blown, polarity first, and put
new fuse, If biown again,
call for service, When
driven from AC mains, check
rectifier unit too.
4, Faulty circuit, 4, Call for service,
Display doesn't 1. Faulty circuit, 1, Call for service, f any
complete self-check, number is displayed on one
of the readouts, note and te!]
service technician,
TD of unselected 1. Selected slave is oftft-the- 1. Call up coast station or ask
slave, having targer air, neighboring boats for signa!
coding-delay, appears, conditions,
Large amount of error 1. long-delayed skywave of master |1, Turn off and repeat whole
in both S1 and S2 signal has been acquired, acquisition sequence.
TO's.
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SYMPTOM

POSSIBLE CAUSE

REMEDY

Large amount of error
only In S1 or S2 TD,

1. Long-delayed skywave of the
slave signal has been
acquired,

2, The slave is off-the-air,

Repeat the slave signal
acquisition,

Call up coast station or ask
neighboring boats tor signatl
condi tions,

10us step error in Si
or S2 TD(10, 20 or
30us).,

!, The slave station is too
close (30 n.,m, or less) or
too far (750 n.m, or more),

2, Over-land signal is received,

Correct it manually,

Correct it manually,

Same amount of 10us
step error in both
St and S2 TD's,

1. The master station is too
close (30 n,m, or less) or
too far (750 n.m, or more),

Correct it manual ly,

2, Over-the-land-master 2, Same as above,
signal is received.
SNR indicator on, 1. Signal is weak. 1. Check SNR reading, If available,

select another slave or chain,

2, The station is off-the-air. 2, Call up coast station or ask
neighboring boats for signal
conditions,

3. Heavy interference exists, 3. Read just notch tilter,

CYC indicator on
occasionally,

1. Over-the~land signal is
received,

Watch TD's carefully before
position fixing,

Degree labe! on L/L
display blinks,

1. Signal is weak,

Check SNR reading. If available,
select another siave or chain,

PF indicator on,

1. Power went off but recovered
sometime in the past, Position
reading may be suspect,

tf the display is in error, turn
oft the unit and search signals
again or use manual tracking
function, #5,

NOTE:

For some Loran chains, current status and schedules of the chain operation
are provided on a prerecorded telephone service in the U.S.A.

9960/8970/7980 Chains ...... Tel.;607-869-5395 (Lorstas Seneca, NY)
904-569-5241 (Malone, FL)

(Consult your dealer or service agent about how to obtain the latest Loran

information.)

REPLACEMENT OF KEEP-ALIVE BATTERY

The estimated life of the "Keep-alive" battery is three years.

However, to

ensure trouble-free operation, it is suggested that the battery be replaced
every three years with an exact replacement.

(Type of the battery: Lithiem, CR1/28.L-F, code no.000-103-769)
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M6 Washer (SUS304)
M6 Nylon Nut (SUS304)
M6X40 Bind Screw (SUS304)

<
Lo ——— —_— —_— s |
L -
/ .
Flush Mount Bracket (04-018-5001)
274 M8 Washer (SUS304)
M8X16 Hex Head Screw (SUS304)
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MOUNTING DIMENSIONS

FLUSH MOUNTING OF LC-90MKII
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LORAN C CHAIN LIST

LC-90 MARK-II Version 16
SECONDARY CODE
CHAIN GRI \Y w X Y Y4
CALCUTTA 5543 18 36
RUSSIAN-AMERICAN 5980 11 28
BOMBAY 6042 13 40
CHINA SOUTH SEA 6780 12 25
CHINA NORTH SEA 7430 11 28
CHINA EAST SEA 8390 11 29
FAST ASIA 9930 11 22 37 51
LESSAY 6731 10 24 39
Bo 7001 11 27
SYLT 7499 11 26
EIDI 9007 10 23 38 52
SAUDI-ARABIA NORTH 8830 11 25 40 56
SAUDI-ARABIA SOUTH 7030 11 26 40 56
NORTHEAST U.S. 9960 11 25 39 54
SOUTHEAST U.S. 7980 11 23 43 59
GREAT LAKES 8970 11 28 44 59
U.S.WEST COAST 9940 11 27 40
CANADIAN WEST COAST 5990 11 27 41
GULF OF ALASKA 7960 11 26 44
NORTH PACIFIC 9990 11 29 43
CENTRAL PACIFIC 4990 11 29
NORTH WEST PACIFIC 8930 11 30 50 70
MEDITERRNEAN SEA 7990 11 29 47
CANADIAN EAST COAST 5930 11 25 38
NEWFOUNDLAND EAST COAST 7270 11 25
FASTERN U.S.S.R. CHAYKA 7950 11 30 46 61
WESTERN RUSSIAN 8000 10 25 50 65
SOUTH CENTRAL U.S. 9610 11 ] 25 40 52 65
NORTH CENTRAL U.S. 8290 11 27 42
ENGLAND FRANCE 8940 12 30
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APPENDIX B NOTCH FILTERS - This should be done by a qualified

electronic technician.

Two notch filters for eliminating interfering signals are provided on the
Receiver Board 04P4060 and factory-adjusted to the frequencies below.

N1 N2
LC-90 Mark-II-A (USA version) 88.000kHz 120.000kHz
LC-90 Mark-II-B (European version) 85.000kHz 113.334kHz

If required, readjust the notch filters by following the procedure below.

1. To get into Self-check mode, hold down the [ENT] key and press the
[PWR] key.

2. Connect the SSG to the antenna terminal through the capacitor (0.1uF)
as illustrated.

Do not ground the antenna terminal where +12V exists.

Adjust N1/N2 through these holes.

=]
Fig.l LC-90MK-II Rear Panel ¢ @OJ@

3. Set the SSG to 100dB(0.3Vpp) at the frequency of 88.000kHz for USA
version or 85.000kHz for European version.

4. Remove the rubber bushings on the rear panel.

5. Connect a multimeter or oscilloscope to the "Tune Output Voltage
Check Point" located below the buzzer.

6. Adjust the trimmer for N1 for miinimum voltage.
(The frequency can be changed by a maximum of 1kHz.)

7. Do the same for notch filter N2.
Note: An insulated screwdriver should be used when adjusting the

trimmer. If a non-insulated screwdriver is used, do not make short
circuit between the screwdriver and chassis.
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When the frequency of a notch filter is changed by more than 1kHz, the
trimmer, coil and capacitor on the Receiver Board should be adjusted as
shown below. (Notch filters N1 and N2 can.be set in the range of 75kHz
to 90kHz and 110kHz to 125kHz, respectively)

10.

11.

12.

13.

Remove the four screws fixing the front and rear chsssis.

Set the unit display side face up. Being careful not to damage the
flat cable, separate the front and rear chassis.

Disconnect J3, J4, J5 and J6 on the CPU board.
Remove the front panel.

Take out the CPU board with J1 and J2 connected.
Remove the shield plate.

Hold down the [ENT] key and press the [PWR] key.

Connect the SSG to the antenna terminal through the capacitor
(0.1uF) as illustrated in Fig.l.

Set the SSG to 100dB(0.3Vpp) at the frequency of the interfering
signal.

Connect a multimeter or oscilloscope to the check point "TUNE" on
the Receiver Board.

Adjust L3, R8 and C46 for minimum voltage.

Adjust notch filter N2 with L4, R10 and C49 by the same procedure
as that for notch filter N1.

After the adjustment, the frequencies recorded on the label on the
rear panel should be changed accordingly.

Pady

Check Point _
= "TUNE"
R

Fig.2 Receiver Board
(04P4060)
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DIGITAL INTERFACE (IEC61162-1)

Output sentences of channe 1 (OUTPUT)
AAM, BOD, BWC, BWW, GLL, RMA, RMB, VTG, WCV, WNC, WPL, XTE, ZTG

Transmission interval

1 sfor any sentence

Data transmission

Datais transmitted in serial asynchronous form in accordance with the standard referenced in 2.1 of
IEC 61162-1. Thefirst bit isa start bit and is followed by data bits, |east-significant-bit asillustrated
below.

The following parameters are used:
Baud rate: 4800

Data bits: 8 (D7 = 0), parity none
Stop hits: 1

DO |D1 | D2 (D3 | D4 | D5 | D6 | D7

Start » Stop
bit Data bits bit

Schematic diagrams
OUTPUT port (input)

04P4061
OUTPUT| | SRCNA16-10P
J3
< 1L
+5V
<2< R37
72 . gz.m
RD-H < 7 oo ar 1[TLP121
f .| u2s |,
RD-c < 6 =
CR6
F"G-r_j7 SS355 17
<5<

<|6 <
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OUTPUT port (output)

04P4061
SRCNA16-10P

J3
K R66
TD-A 9 = rgaie B0
TD-B <8 = {3 wm—I
|l R R
8
<4
<7<
<<§<
<3<
<2
l
Data sentences

AAM - Waypoint arrival alarm

$--AAM,A A x.x,N,c--c*hh<CR><LF>
|1

1. Status: A=arrival circle entered

2. Status: A=perpendicular passed at waypoint
3. Arrival sircle radius, nautical miles

4. Waypoint ID

5. Checksum

BOD - Bearing origin to destination

$--BOD,x.x, T,x.x,M,c--c,c--c*hh<CR><LF>
N

1. Bearing, degrees true

2. Bearing, degrees magnetic
3. Destination waypoint ID

4. Origin waypoint ID

5. Checksum

APC-2



BWC - Bearing and distance to waypoint

$--BWC, hhmmss.ss, llILI, a yyyyy.yy, a, x.x, T, x.x, M, x.x, N, c--c, a*hh<CR><LF>
$--BWC, hhmmss.ss, llILIl, a yyyyy.yy, a, x.x, T, x.X, M, x.x, N, c--c, a*hh<CR><LF>

L |—Checksum

Mode indicator
(see note 1)
Waypoint ID*
Distance, nautical miles
Bearing, degrees magnetic*
Bearing, degrees true
Waypoint longitude, E/W*
Waypoint latitude, N/S*
— UTC of observation*

*: Not used

NOTE 1: Positioning system Mode indicator:
A= Autonomous mode

D= Differential mode

E= Estimated (dead reckoning) mode

M= Manual input mode

S= Simulator mode

N= Data not valid

The Mode indicator field shall not be a null field.

BWW - Bearing, waypoint to waypoint

$--BWW,x.x,T,x.x,M,c--c,c--c*hh<CR><LF>
I

1. Bearing, degrees true

2. Bearing, degrees magnetic
3. TO waypoint ID

4. FROM waypoint ID

5. Checksum
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GLL — Geographic position, latitude and longitude

$--GLL LI a,yyyyy.yyy,a,hhmmss.ss,A,a*hh<CR><LF>
I (. I

|
|
| Fommm e 3
+

1. Latitude, N/S

2. Longitude, E/W

3. UTC of position

4. Status: A=data valid, V=data invalid
5. Mode indicator(see note)

6. Checksum

NOTE Positioning system Mode indicator:
A = Autonomous
D = Differential
E = estimated(dead reckoning)
M = Manual input
S = Simulator
N = Data not valid

The Mode indicator field supplements the Status field. The Status field shall be
set to V=invalid for all values of Operating Mode except for A=Autonomous and
D=Differential. The positioning system Mode indicator and Status field shall not
be null fields.
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RMA — Recommended minimum specific Loran-C data

$--RMA ALIILIILa,yyyYY.yY,a,X.X,X.X,X.X,X.X,X.X,a,a*hh<CR><LF>
|1 I

e S

| |
||
|
|
|
|
|
|+
+ot 3
ot 2

+ 1

1. Status: A=data valid, V=blink, cycle or SNR warning
2. Latitude, degrees N/S

3. Longitude, degrees E/W

4. Time difference A, microseconds

5. Time difference B, microseconds

6. Speed over ground, knots

7. Course over ground, degrees true

8. Magnetic variation(see note 1),degree E/W

9. Mode indicator(see note 2)

10. Checksum

NOTE 1 - Easterly variation(E) subtracts from true course
Westerly variation(W) adds to true course

NOTE 2 Positioning system Mode indicator:
A = Autonomous
D = Differential
E = Estimated(dead reckoning)
M = Manual input
S = Simulator
N = Data not valid

The Mode indicator field supplements the Status field. The Status field
shall be set to V=invalid for all values of Operating Mode except for
A=Autonomous and D=Differential. The positioning system Mode indicator
and Status field shall not be null fields.
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RM B- Recommended minimum navigation infor mation

$--RMB,A x.x,a,c--c,c--c llILIILa,yyyyy.yyy,a,x.x,X.x,x.X,A,a*hh<CR><LF>
| L]

ot 6
+ 5

+ 4
+ 3
2

+
+ 1

. Data status: A=data valid, V=navigation receiver warning
. Cross track error(see note 2) n.miles

. Direction to steer L/R

. Origin waypoint ID

. Destination waypoint ID

. Destination waypoint latitude,N/S

. Destination waypoint longitude,E/W

. Range to destination, n.miles(see note 1)

. Bearing to destination, degrees true

10. Destination closing velocity, knots

11. Arrival status: A=arrival circle entered or perpendicular passed
12. Mode indicator(see note 3)

13. Checksum

O©CONOOOPAWN -

NOTES
1 If range to destination exceeds 999.9 nautical miles, display 999.9.
2 If cross track error exceeds 9.99 nautical miles, display 9.99.

3 Positioning system Mode indicator:
A = Autonomous
D = Differential
E = estimated(dead reckoning)
M = Manual input
S = Simulator
N = Data not valid

The Mode indicator field supplements the Status field. The Status field
shall be set to V=invalid for all values of Operating Mode except for
A=Autonomous and D=Differential. The positioning system Mode indicator
and Status field shall not be null fields.
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VTG —Courseover ground and ground speed

$--VTG,x.x, T,x.X,M,x.x,N,x.x,K,a*hh<CR><LF>

1. Course over ground, degrees true

2. Course over ground, degrees magnetic
3. Speed over ground, knots

4. Speed over ground, km/h

5. Mode indicator(see note)

6. Checksum

NOTE Positioning system Mode indicator:
A = Autonomous
D = Differential
E = estimated(dead reckoning)
M = Manual input
S = Simulator
N = Data not valid

The positioning system Mode indicator field shall not be a null field.

WCV —Waypoint closure velocity

$--WCV,x.x,N,c--c,a*hh<CR><LF>

1. Velocity component, knots
2. Waypoint identifier

3. Mode indicator(see note)
4. Checksum

NOTE Positioning system Mode indicator:
A = Autonomous
D = Differential
E = estimated(dead reckoning)
M = Manual input
S = Simulator
N = Data not valid

The positioning system Mode indicator field shall not be a null field.
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WNC — Distance, waypoint to waypoint

$--WNC x.x,N,x.x,K,c--C,c--c*hh<CR><LF>
||

1. Distance, nautcal miles
2. Distance, km

3. To waypoint identifier

4. FROM waypoint identifier
5. CHecksum

WPL —Waypoint location

$--WPL, Il a,yyyyy.yyy,a,c--c*hh<CR><LF>

1. Waypoint latitude, N/S
2. Waypoint longitude, E/W
3. Waypoint identifier

4. Checksum

XTE —Cross-track error, measured

$--XTE,A A x.x,a,N,a*hh<CR><LF>

1. Status: A=data valid

N

~NOoO Ok W

V=LORAN-C blink or SNR warning
V=general warning flag or other navigation systems
when a reliable fix is not available

. Status: A=data valid

V=LORAN-C cycle lock warning flag

. Mgnitude of cross-track error
. Direction to steer, L/IR

. Units,nautical miles

. Mode indicator(see note)

. Checksum
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ZTG —-UTC and time to destination waypoint

$--ZTG,hhmmss.ss,hhmmss.ss,c--c*hh<CR><LF>
I I |

I
I
| Fommm e 2
+

1. UTC of observation

2. Time-to-go, hh = 00 to 99
3. Destination waypoint ID
4. Checksum
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FURUNO ELECTRIC CO., LTD.

]
E @ @ @ [:::I @ 9-52 Ashihara-Cho, Nishinomiya City, 662-8580, Hyogo, Japan

Tel: +81 798-65-2111 Fax: +81 798-65-4200

IPub NO. DOC-463

Declaration of conformity

We FURUNO ELECTRIC CO., LTD.

(Manufacturer)

9-52 Ashihara-Cho, Nishinomiya City, 662-8580, Hyogo, Japan

(Address)

hereby declare under our sole responsibility that the product

LORAN-C NAVIGATOR model LC-90 MARK-II comprising of Display unit LC-90 MARK-II
and Antenna coupler AC-900C

(Model names, type numbers)

to which this declaration relates conforms to the following standard(s) or normative document(s)

Standard Test standard

IMO Resolution MSC.36(63)

IMO Resolution A.818 (19) IEC 61075: 1991-07
IMO Resolution A.694 (17) |EC 60945: 1996-11

IEC 61162-1: 2000-07

(title and/or number and date of issue of the standard(s) or other normative document(s))

For assessment, see

* EC type-examination certificate N°: 00212001/AA/01 of 16 May 2002 issued by Telefication,
The Netherlands

* Test report 98540630 of 18 February 2000 issued by KTL-Arnhem, The Netherlands

¢ Teat report FLI 12-99-047 of February 28, 2000 issued by Furuno Labotech International Co.,
Ltd., Japan and authorized by KCS Certificate, The Netherlands

This declaration is issued according to the provisions of European Council Directive 96/98/EC on
marine equipment modified by Commission Directive 2001/53/EC.

On behalf of Furuno Electric Co., Ltd.

Hiroaki Komatsu
Nishinomiya City, Japan Manager,
June 17, 2002 International Rules and Regulations

...................................................................................................................

(Place and date of issue) (name and signature or equivalent marking of authorized person)
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