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LORAN C CYCLE MATCHING EVALUATION IN THE NORTH PACIFIC AREA

REPORT ON OPERATIONAL EVALUATION

Purpose:

The objective of this evaluation is to determine the adequacy of cycle
matching Loran C as a possible substitute for Loran A in the North
Pacific area where usable Loran C signal coverage exists.

Discussion:
1. General

Since the North Pacific Loran A facilities will be phased out in the
near future and replaced with Loran C, it is necessary for air carriers
in the affected areas to find suitable substitutes for the Loran A
equipment. At the present time, the aircraft which are operated in
this region by Continental - Air Micronesia are equipped with dual
doppler systems using Loran A for update purposes, which is required
by the Federal Aviation Regulations.

Since it is not practical for economic reasons to retrofit the air-
craft with Inertial Navigation Systems after the Loran A facilities
are shut down, the most sensible solution is to utilize the existing
Loran C chains.

This evaluation was conducted by Continental Airlines to determine
if the subject Loran C cycle matching system and related facilities
are an acceptable substitute for Loran A in terms of airline navi-
gation standards of accuracy and reliability.

No attempt will be made to explain the operational theories of
Loran C system since it is assumed that this report will only be
read by those who are knowledgeable in this area.

2. Loran C Chain Usage

The Loran C chains which were used in this evaluation were as follows:

a) Central Pacific Ocean - S1 Chain:

The Master is located at Johnston Island and the two slaves
are located at Upolu Point, Hawaii and Kure, Midway Island.

b) Northwest Pacific - SS3 Chain:

The Master is located at Iwo Jima, Bonin Islands, dnd the
four slaves are located at Marcus Island, Hokkaido, Japan,
Gesashi, Okinawa, and Yap, Caroline Islands.



Route Structure in Evaluation Area

The S1 and SS3 chains were the only two which were utilized during
the evaluation due to the Continental-Air Micronesia route structure
in this area.

The routes flown by Air Micronesia are as follows:

Honolulu-Johnston Island-Majuro-Kwajalein-Ponape-Truk-Guam,
Guam-Tinian-Saipan-Rota.

Guém—Yap, Caroline Islands - Koror, Palau Islands.

Loran C data was obtained on all of these route segments, although
the majority of the data flights were made on the long flights
between Guam and Honolulu.

Aircraft Installation

A Boeing 727-100 aircraft, Registration N18476, was used for the
evaluation. This aircraft is equipped with dual doppler systems,
dual ADF systems, and a single Loran A system which utilizes the
ADF-1 sense antenna, :

The evaluation system was a Teledyne type TDL-302 which consisted
of the following:

a) Loran C Receiver, Teledyne P/N 8012270
b) Control and Display Unit, Teledyne P/N 8012115
c) Antenna Coupler Unit, Teledyne P/N 8012260

The receiver was installed in the avionics compartment of the
aircraft and the Control Display Unit was mounted on the second
observers table in the aft LH cockpit.

The Loran C coupler was mounted in close proximity to the ADF-2
sense antenna in the No. 2 engine inlet area. The coupler was
installed on top of the existing ADF-2 coupler to allow a mini-
mum of rewiring. The ADF-2 sense antenna was ytilized for
thisLoran C system. On the subject aircraft, this ADF-2 sense
antenna is a portion of the skin covering the top of the engine
No. 2 inlet and has an area of approximately 22 square feet.

Since the ADF-2 sense antenna feeds through the Loran C coupler
to the ADF-2 system, there was originally some concern that the
operation of the ADF-2 might be degraded when the Loran C was
operating. This proved to be unfounded and the ADF-2 system
worked normally whether the Loran C equipment was powered or not.



5. Data Collection Procedures

On all of the data flights, a Continental staff engineer responsible
for navigation systems was operating the Loran C system in the cock-
pit. His sole responsibility was to operate the Loran C equipment
and record all related data. Loran C fixes were taken approximately
every 15 minutes and other pertinent information such as DME miles,
selected course, Doppler miles-to-go, Doppler offset, and Loran A
data were recorded whenever available.

A11 data, including applicable comments and route charts, were
recorded on each flight and are included as appendices to this report.

This evaluation covered 19 flights with a total of 104 hours and 41
minutes of flight time.

C) Operational Results

1. System Operation:

The TDL-302 is an automatic airborne Loran C Receiver System. Input
RF signals are automatically processed to determine present position
Loran coordinates. After the operator enters the desired Loran chain
and secondary pairs, the TDL-302 automatically synchronizes to the
master and secondary signals and provides continuous cycle tracking
and simultaneously displays two time differences with 0.1 micro-
second resolution.

From a pilot workload standpoint, the system has several advantages
over the Loran A system. The only inputs required of the pilot are
the chain selection, minimum expected time delay selection, and
initialization of the system. After the receiver acquires track,
it tracks the signals automatically. A fix may be taken simply by
"freezing" the display and recording or plotting the time delay
values shown on the Display Unit.

The only pilot input after initial "lock on" has been obtained is
the selection and insertion of new Loran C chain information or the
occasional reinitialization of the system if track is lost during
the flight.

Also, there is no requirement for the pilot to be able to recognize
skywave or groundwave signals by visual interpretation of waveshapes.
The system does this automatically. Whenever skywave signals are
being received by the system, a "skywave" light will illuminate on
the Display Unit to alert the operator that skywave corrections
should be used.

There is also no requirement to match two waveshapes, as is necessary
with Loran A. Instead of two Loran A LOP's being taken at slightly
different times (since only one Loran A LOP can be read at a time),
the TDL-302 displays two LOP's at the same instant.

It was generally found that in the areas where the signal strength
was adequate, the system would lock on and acquire track with five (5)
minutes of the original initialization.



System Failures:

There were no equipment failures after approximately 105 flight hours
of operation. It should be noted that actual system operation is
probably almost double this amount because the Loran C equipment

was left turned on while on the ground at all transit stops during
these data flights. A spare set of Loran C equipment was carried

on all data flights but it was not used during the evaluation
program.

Precipitation Static:

As expected, the Loran C system was found to be susceptible to
precipitation static. There were several instances during the
program, usually during climb or descent, where the system would
become unusable while in cirrus clouds or overcast conditions.

Generally, it was found that if the system was tracking prior

to entry into areas with P-static present, the system would still
continue to track although the "WARN" 1ights would come on. .When
the aircraft was clear of the clouds or P-static area, the system
would resume normal tracking and the "WARN" Tights would go out.

If the system had not acquired track prior to entry into P-static
regions, it would usually not lock onto track until after clearing
the region where P-static was present.

There were several instances, however, where P-static was present
and the system completely lost track. The time delay readouts would
read all zeros or random numbers. When the aircraft would get above
the overcast area, the Loran C system would reacquire track.

There were other instances where the aircraft would be in heavy
rain, and the system would track normally. No "WARN" Tights would
come on and the fixes would be reasonable.

Operation Near Base Line Extension:

Also as expected, any data taken near a base Tine extension (BLE)
was unusable. The system would read out a time delay which appeared
to be a ballpark number but generally, if used, the LOP along the
BLE would cause an incorrect or nonexistant fix location.

The only areas where this was really a problem was on the leg from
Johnston Island to Majuro. In this area, the course line was right
along the base Tine extension of the S1-X pair. The only usable
LOP was from S1-Y in these locations.

It was usually possible to select the SS3 chain once the aircraft
was approximately 150 miles west of the International Date Line.

Once the SS3 chain was tracking, it was possible to get reasonable
two Tine of position fixes from the SS3 chain all the way to Guam.



Range of Coverage:

The coverage of the existing Loran C chains in the evaluation area
appears to be adequate, except for the area between Johnston Island
and Majuro. As mentioned earlier in the report, since the course
line used is near the base line extension of the S1-X pair only a
single LOP can be obtained in this region from the S1-Y pair.

In order to set a two line of position fix in this area, it was
necessary to select the SS3 chain. Generally, fixes from the SS3
chain could be obtained once the aircraft was approximately 100-150
miles west of the date 1ine. (Estimated location - 11930'N 1799F).
This seemed to be the maximum range of the SS3 chain in this area.
Fixes were made during the evaluation program using either the SS3-W,
SS3-Z combination, or SS3-X, SS3-Z combination. On all data flights
between Honolulu and Guam, the SS3 chain was used between Guam and
Majuro. In the area from Majuro to the Date Line, the SS3 chain was
generally used until it was out of range and would lose track.

In order to obtain adequate and reliable coverage from the S1 chain

in the region from Johnston Island to Majuro, and specifically from
Johnston Island to the International Date Line, it would be necessary
to have a third slave station added to the S1 chain in a suitable
location south of Johnston Island. This would provide complete cover-
age from Honolulu to Majuro on the S1 chain with two lines of posi-
tions available.

The only alternative to this would be to have the capability of
selecting two different chains at once so that there would be one
LOP from S1-Y and another LOP from SS3-Z, X, or W.

Operational Anomalies:

During the flight program, it was found that occasional reinitial-
ization of the chain information would appear to make the time
delay readouts more accurate, if the fixes were not quite as
expected.

It was also noticed that if the system was locked on and tracking
upon entry into a fringe area or P-static area, it would generally
hold track although the warn lights might be illuminated. But if
track had not yet been acquired upon entry of this fringe area,

the system would not lock on easily. Sometimes it would require

as many as thirty minutes to lock on. Usually, however, under
normal conditions, track would be acquired within five minutes after
initialization,

In normal operations, the Loran C system wouldn't be operated
while on the ground. However, for evaluation purposes, the equip-
ment was left on while on the ground at all through stations.
Almost always a fix could be obtained on the ground. The only
problem arose when the system was tracking while the aircraft
engines were being started. When the generators were paralleled,
the resulting power interruption would cause the system to lose
tracks since in effect, the power was being shut off momentarily.
After losing track from this power loss, it would require another
five minutes to reacquire track and lock on.
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As previously mentioned, the Loran C system is susceptible to
signal loss due to precipitation-static. Several times during
the flight evaluation program, the signals would be degraded or
lost completely while flying in overcast conditions.

D) Conclusions

1.

The Loran C with cycle matching was found to be an acceptable sub-
stitute for Loran A in the North Pacific evaluation area. The
coverage was much more adequate than the existing Loran A coverage
in this area. The accuracy of the Teledyne TDL-302 system appeared
to be very good.

The Teledyne TDL-302 Loran C equipment which was used for this
evaluation is much easier and less time consuming to operate than

the present Loran A equipment. No visual signal interpretation is
necessary since the system automatically differentiates skywaves

from groundwaves. Since it has automatic tracking., a two LOP fix

can be obtained instantaneously just by pushing a button. The system

is considered very satisfactory for pilot operated Loran C use.

Due to the ease of operation of the evaluation system, crew
training and familiarization will require much less effort than
Loran A training.

The Loran C maps which were used for this evaluation were the
Defense Mapping Agency's GLC-C series maps. These maps are con-
sidered grossly inadequate for day to day pilot use due to their
excess size and weight. Suitable maps must be made available if
Loran C is to be used by the airlines on a regular basis.

The Loran C system was found to be susceptible to precipitation
static induced signal Toss. During the in-flight evaluations, there
was occasional signal loss or degradation which would normally occur
while flying in overcast conditions. On some occasions, only the
warn lights would illuminate, and at other times, there would be

a complete signal Toss.

The only evaluation Tocation which appeared to have inadequate
Loran C signalcoverage was the area from Johnston Island to
Majuro. This was due to the fact that the normal flight plan
route of the aircraft was almost directly along the Base Line
Extension of the S1-X pair. This left only the S1-Y pair for a
LOP in this area since the SS-3 chain was usually out of range.

E) Recommendations

1.

In order to obtain adequate two 1ine of position coverage from
Johnston Island to Majuro, it is recommended that a third slave
station for the S1 chain be added at some suitable location some-
where south of Johnston Island. This would allow complete cover-
age using the S1 and SS3 chains all the way from Honolulu to Guam
via Johnston Island and Majuro.
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