CHAPTER VII

Installation and
Related Matters

Introduction

The final chapter of this Loran-C Handbook
covers the important topics of receiver installa-
tion and related matters. Proper installation of a
loran receiver and associated equipment is es-
sential in order to realize the maximum utility
from the system. As the following discussion
shows, installation is far more than simply wir-
ing up the receiver, turning iton, and getting the
vessel underway. An otherwise excellent re-
ceiver, if improperly installed, may not perform
as well as an inexpensive receiver calibrated and
installed with care.

lent receiver,ifimprop-
eiverinstalled with care.

The chief consequence of installation errors
is that the SNR of the received signal will be
lower than it would have been with proper
installation. In areas where the signal is very
strong and in good weather conditions, it is
possible that (aside from lower-than-expected
SNRs) the improperly installed receiver will
perform quite well. However, in areas where the
SNR is normmally lower, the added losses as a
result of poor installation may cause the receiver

to take longer to initialize, or to ‘“crash” more
often. Additionally, cycle slip errors may occur
with greater frequency, and the effective range
of the system at which usable loran signals can
be acquired will be substantially reduced.

As with other chapters, the material pre-
sented here is designed to supplement, but not
replace, the instructions contained in the re-
ceiver owner’s manual. Users should carefully
read the specific installation instructions con-
tained in the owner’s manual.

Overall Sequence of Installation Steps

The overall job of installation and calibration
involves several steps shown schematically in
Figure VII-1. These include; (i) setting the
receiver’s notch filters (if adjustable), (ii) locat-
ing, fastening, and wiring the receiver’s antenna
and antenna coupler, (iii) finding a suitable
location for and mounting the receiver, (iv)
connecting the antennalead and supplying power
to the receiver, (v) grounding the receiver, (vi)
performance evaluation, (vii) interference re-
duction (if necessary), and (viii) connecting the
receiver’s interface (if any) to other on-board
navigation systems. With the exception of items
(i) and (viii), these steps are addressed in this
chapter.

VII-1
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FIGURE VII-1. STEPS IN LORAN-C RECEIVER
INSTALLATION AND PERFORMANCE EVALUATION
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Setting adjustable notch filters is a special-
ized task and beyond the scope of this handbook.
(Ideally, these notch filters should be *“opti-
mized” for the intended cruising area consider-
ing the known sources of interference.) Like-
wise, connecting the Loran-C receiver interface
to other shipboard electronics is straightfor-
ward, but depends upon many application-spe-
cific factors (e.g., the particular communication
protocol required) and is not discussed here.

The material given here is designed to supple-
ment the owner’s manual for those users who
elect to install the receiver and associated equip-
ment. Although installation is not especially
difficult, itneeds to be done properly. Therefore,
the user may wish to consider having this instal-
lation done by an electronics technician. The
cost of professional installation is usually not
great, and the user can generally be assured that
the job will be done correctly. For those on a
tight budget, do-it-yourself installation not only
saves money but also permits the user to learn
more about the receiver. (Aviation users should
check applicable Federal Aviation Administra-
tion (FAA) regulations to determine the person-
nel qualifications necessary to install loran re-
ceivers and antennas.)

The material presented in this chapter applies
chiefly to marine users. Other users may find
elements of this discussion of interest.

arn more
rofessional assistance is
Aviation users

Antenna/Antenna Coupler (AAC) Location
As received from the factory, the Loran-C
typically includes the receiver itself, an antenna,
an antenna coupler, a coaxial cable for the
connection from the coupler to the receiver, a
power cord, and miscellaneous installation hard-
ware (e.g., yoke mount, nuts, bolts, screws). Use
only the antenna supplied with the receiveroran
alternate recommended by the manufacturer.

Antenna/antenna coupler (AAC) location is
a prime determinant of the performance of the
loran receiver, and careful thought must be
given to this choice. Guidelines for location of
the AAC unit on vessels are as follows:!

(i) The AAC should be located several feet
away from the loran receiver, or other
potential sources of on-board noise (see
below).

(ii) The AAC should be mounted vertically,
or as near to vertical as possible. In some
installations (see below) it may prove
advantageous to tilt the antenna slightly.
(iii) Unlike a VHF-FM radiotelephone, Lo-
ran-Creception is not limited by line-of-
sight constraints, so the loran antenna
height, per se, is not that important.
However, masts, other metal structures
(e.g., tuna towers, cargo booms,
outriggers, “flopper stoppers”), shrouds,
stays, and other antennas (radar, RDF,
VHF-DF, VHF-FM, etc.) can interfere
with loran reception and degrade the
SNR. The easiest way to visualize the
potential for this interference is to imag-
ine a “cone of interference” (COI) as
shown schematically in Figure VII-2.

"Location of aviation receivers and antennas is not discussed in this chapter.



VII-4

Loran-C User Handbook

FIGURE VII-2. "CONE OF INFLUENCE" OF LORAN-C
ANTENNA. FOR BEST RESULTS, METAL OBJECTS OR
OTHER ANTENNAS SHOULD REMAIN CLEAR OF THIS COL.
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This COI originates at the base of the
loran antenna and emanates outward and
upward at a 45 degree angle to the an-
tenna. Ideally, the loran antenna should
be mounted at a location such that no
“foreign object” penetrates this COL
This may not always be possible, par-
ticularly in the case where the vessel has
an “antenna farm.” However, the loran

(iv)

antenna should be located as far fromthe
other antennas as possible; preferably at
least 1 to 2 meters (3—6 ft) from other
antennas. The antenna can sometimes be
tilted slightly to ensure that the COI is
free of metal objects.

Mounting the loran antenna on the
mainmast of a sailboat or atop the flying
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bridge of a cabin cruiser will usually
satisfy the COI constraint. However,
there are often competing requirements
for this location. Radar and VHF-FM,
for example, are limited by line-of-sight
constraints and, for this reason, require
the highest possible location to ensure
maximum range. On a sailboat with two
masts, a practical alternative is to locate
the VHF-FM antenna atop the mainmast
and the loran antenna atop the mizzen
mast. On sailboats with only one mast
the loran antenna is often mounted on a
stern rail (always above the stern rail).
On powerboats the loran antenna should
be separated as much as possible from
other antennas.

Coaxial cable is used to connect the
antenna coupler to the receiver. Where
possible, the length of this cable should
beminimized. However, itcan belength-
ened (special connectors are available
from marine electronics dealers). Like-
wise fiberglass extension “masts” can be
used to increase the height of the loran
antenna. (Ensure that these extensions
are well braced.)

™)

The coaxial cable should be routed so as
to avoid contact with wires supplying
power to the receiver or other equip-
ment. As well the coaxial cable should
be loosely clamped, and not in any area
where standing water can be found, nor
where it could be exposed to high tem-
peratures.

(vi)

One useful idea is to mount the antenna tempo-
rarily, pending completion of performance checks
on the receiver (see below). The best spot may
then be determined by a “trial-and-error” pro-
cess of evaluating several alternative antenna
locations.

Receiver Location and Mounting

After (provisionally) mounting the antenna
and antenna coupler, the next step is to select a
location for and mount the Loran-C receiver.
Generally speaking, the most important consid-
eration in placing the receiver is to locate it at
either the navigation station or the helm. If the
steering and course correction features of the
receiver are to be used, it is preferable to locate
the receiver where it can be easily seen from the
helm. There are several other factors that should
be considered in selecting a location for the
receiver. These include:

(1) Thedisplay of the receiver should notbe
located where it would be exposed to
direct sunlight. Strong light makes it
more difficult to read the display and,
moreover, may actually damage the dis-

play.

The receiver should be located atleast 1
meter (3 ft) away from the vessel’s mag-
netic compass to minimize possible de-
viation errors. Additionally, the re-
ceiver should not be mounted close to
radar, radios, echo sounders, and other
electronic equipment capable of causing
on-board interference (see below).

(ii)

The receiver should be located in a vi-
bration-free environment that will not

(iii)
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get excessively (e.g., over 50° centi-
grade) hot. (It should be in a well-venti-
lated area.) Users who elect flush mount-
ing should ensure that there is adequate
ventilation behind the bulkhead. Small
fans can be used to increase ventilation,
but these may need to be filtered (see
below) to suppress electrical noise. The
receiver should not be placed where it
will get wet (salt spray, rain, condensa-
tion, wash water). Although some re-
ceivers are more water resistant than
others, salt spray does not improve the
performance of any receiver.

Most receivers can be mounted in several
ways, for example, flush-mounted through a
bulkhead or yoke mounted from below or above.
Itis sometimes convenient to mount the receiver
on an overhead near the windshield at the helm,
but remember that windshield wiper motors
cause electrical noise that can interfere with the
receiver.

function as a buffer between the vessel’s fluctu-
ating input voltage and the loranreceiver. These
backup power units and voltage “conditioners”
are cheap insurance against inopportune re-
ceiver crashes.

As noted in Chapter IV, loran receivers do
not draw a great deal of current, so the power
cables donotneed to be large. many manufactur-
ers recommend that the loran receiver be wired
directly to the battery, by-passing any power
“bus” or terminal strip supplying power to other
devices to lower the likelihood of interference.
(Ataminimum, ensure thatthe loran is not wired
through the ignition system.) Check to see if the
receiver is internally fused, otherwise it is nec-
essary to provide an external fuse of appropriate
current rating. Check that the polarity of the
powerline is correct, otherwise the receiver may
be damaged. Route the power line to the loran so
that it is as far as possible from other electrical
cables.

Power _

Most Loran-C receivers are designed to op-
erate on 12-volt direct current (DC) power.
(Some receiver can be powered from a 24-volt
system.) It is recommended that the vessel’s
electrical system be wired so that the battery
supplying power to the loran is different from
the starter battery. The benefit of this arrange-
ment is that the loran is less likely to crash if the

vessel’s engine(s) need to be restarted. Devices -

are commercially available that supply backup
power or supplemental voltage to a loran during
engine start. These units (which also contain
noise filters as well as a supplemental battery)

This unit is a combination back-up power pack and
voltage “conditioner’’ which ensures continuous
and well-regulated DC power for electronic
navigation systems.

(Photograph courtesy of Newmar, Inc.)
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Ground

With the exception of portable units, all loran
receivers need an external ground. If the vessel
has asteel hull, the loran receiver can be grounded
directly to the hull. For wood or fiberglass
vessels, the receiver can be grounded to the
engine block or the negative side of the vessel’s
battery (if this is grounded to the engine block).
The best ground connection is to a ground plate
or ground shoe that is attached to the hull. These
plates are-manufactured by several companies
for exactly this purpose. Ground connections
can be made with copper wire, but braided
copper strap provides improved grounding.

Preliminary Performance Evaluation

The next step in the installation procedure is
to turn on the loran receiver, and measure the
SNRs of the master and secondary stations. This
should be done first with all other electronics (or
other possible interference sources) turned off.
SNRs will fluctuate, and several values can be
averaged for best estimates. These “baseline”
SNRs should be compared with values sug-
gested by the manufacturer. If the vessel’s dock
is located near to cliffs, bridges, or other “diffi-
cult” reception areas, it may be necessary to
move to a better location to obtain valid perfor-
mance data.

Next, each piece of gear should be turned on
one-by-one and the engine started. The resulting
SNRs should be checked to determine if there is
any appreciable reduction in SNR. The one-at-
a-time approach enables interference sources to
be identified. If SNRs remain high and within
the manufacturer’s recommended limits (e.g.,
no more than a 20% drop in SNR), the installa-
tion is complete, and provisional connections
can be finished. If not, on-board sources of
interference will have to be controlled.

Sources of Interference

Table VII-1 provides alistof common sources
of on-board electrical interference that can af-
fect loran reception. The list is organized into
four major classes:

(i) engine and drive, including engine igni-
tion systems, the voltage regulator, en-
gine alternator (frequently a major noise
source), and the propeller shaft (when
turning),

(ii) auxiliary and related, including DC mo-
tors on water and bilge pumps, wind-
shield wiper motors, power generators,
and DC motors and blowers,

(ili) marine electronics of various types,
shown in Table VII-1, and

(iv) items groupedundertherubricof “ameni-
ties,” including microwave ovens, re-
frigerators, TV sets (another bad of-
fender), and fluorescent lighting.

In broad terms, electrical noise may reach the
loran receiver by one or both of two pathways,
radiationor conduction. Radiated noiseis picked
up by the loran antenna, while conducted noise
enters the receiver through the power cable and/
or ground.

Some sources of on-board interference affect
the loran principally through conduction, others
through radiation, and some through both path-
ways. Forexample, the alternator (used tocharge
the vessel’s batteries) is often a major source of
radio frequency (RF) noise. Alternator diodes
switch on and off with each cycle of output
voltage at a rate depending upon the engine
revolutions per minute (RPM). This switching
causes “spikes” of energy at radio frequencies
and produces the RF noise. The RF noise travels
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TABLE VII-1. AN ILLUSTRATIVE LIST OF
ON-BOARD SOURCES OF ELECTRICAL INTERFERENCE

Category Item

Gasoline Engine Ignition Systems
Voltage Regulator

Engine Alternator

Propeller Shafts (when turning)

Engine and Drive

DC Motors on Water and Bilge Pumps
Windshield Wiper Motors

Power Generator

DC Motors on Blowers

Aucxiliary & Related

Inverters on Marine Radars
Other Loran Units
Single-Side Band Radios When Transmitting
Fish Finders
Echo Sounders
Autopilots
Tachometers
- Wind Speed Indicators
Water Speed Indicators

Marine Electronics

Microwave Ovens
Refrigerators

TV Sets

Fluorescent Lighting

Amenities

NOTE: Allofthesesourcesare capable of interfering with loran reception. Dependin guponmany
factors (e.g., distance from receiver and antenna) these may not produce interference in
each installation. Generally, these noise sources will not produce interference unless in
actual operation.

throughout the vessel along the power wiring
(conductive noise) and also radiates into space
(radiation noise). The Loran-Creceiver picks up
the RF noise, along with the loran signal—
resulting in a lower SNR. As engine RPMs are
increased, the rate at which these spikes are
generated likewise increases. As more currentis
drawn by the electrical equipment in use, larger

spikes result. RF noise from an alternator is
generally at a maximum when the engine is
started, particularly if the batteries are in a low
state of charge. Although the alternator can
create substantial interference problems, these
can often be eliminated by the installation of a
noise filter (see below) installed on the alterna-
tor.
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High-capacitance alternator noise filter.
This filter should be well grounded and mounted

as close to the alternator as possible
(Photograph courtesy of Newmar, Inc.)

Strategies for Noise Reduction

If the performance checks indicate that noise
reductionisrequired, there are several strategies
that can be employed to mitigate or eliminate
this shipboard noise. (Notch filters are designed
to eliminate external noise sources, and nor-
mally should not be used to control on-board
noise sources.) These are shown schematically
in Figure VII-3. In brief, these include:

(i) Shieldthe noise source. In some cases it
may be possible and desirable to shield
the noise source. Shielding can be done
with aluminum foil, “noise tape,” and/or
copper screen available from marine
supply houses. Outboard motors, princi-
pally those with high-voltage capacitor
discharge ignition, can sometimes be a
troublesome noise source. Some manu-
facturers sell noise reduction kits for
these engines. But, failing this, house-
hold aluminum foil (Dahl, 1986, Miller
and Malone, 1988), cemented to the
inside of the fiberglass engine cover and
grounded, can serve as an effective shield.

Plastic-cased ignition coils sometimes
radiate excessively and should be re-
placed or shielded.

Increase the distance between the noise
source and the loran receiver and/or
AAC and the offending noise source.
(This is why provisional mounting is
recommended.) In some cases, moving
the antenna or the loran receiver only a
few feet will substantially reduce the
noise.

(ii)

(iii) Turn off the noise source. For many
items in the “amenity” group, such as
television sets or microwave units, a
simple policy of refraining from use of
the amenity while the loranis in use will
be the easiest solution to an on-board
noise problem.

(iv) Finally, electronic filters (resister ca-
pacitor circuits) can be used. These
filters (illustrated in several of the pho-
tographs of this chapter) can be installed
on the noise source directly and/oron the
loran receiver and/or ground. Manufac-
turers produce an integrated family of
these filters, each designed for a specific
purpose. Noise filters can often be used
to great effect on the vessel’s alternator.
For best results, follow the manu-
facturer’srecommendations. Installation
directions are also provided by the manu-
facturer of the filters.

Generally, changing the placement of the
receiver and/or converter will solve a noise
problem. Failing this, filters are a good choice.
For the special case of noise caused by the
rotation of the propeller shaft(s), it is often
sufficient (Miller and Maloney, 1988) to attach
a grounded bronze “finger” or brush that wipes
and maintains electrical contact with the shaft(s).
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FIGURE VII-3. BASIC STRATEGIES FOR REDUCING THE
EFFECTS OF ON-BOARD NOISE SOURCES ON LORAN-C
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If all of the above ideas fail, either an electronics
technician or the manufacturer should be con-

sulted.

The noise-reduction steps given here will not
only improve loran reception, but also will
reduce noise levels in other on-board electronic
equipment.

Final Performance Checks

After completing the installation and noise
reduction steps, another series of performance
checks should be made to verify the satisfactory
operation of the loran receiver.

Finally, those who elect to install a loran
receiver should remember the remark of the
Compte De Buffon (1707-1788) that “Genius is

only a greater aptitude for patience.”

A selection of noise filters for various applications.
Although these are simple from an electronic
standpoint, mariners often find it convenient to

purchase (rather than make) these units.
(Photograph courtesy of Newmar, Inc.)
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