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1 PWRPOSE. This advisory circular establishes an acceptabl e means, but not
tie only means, of obtaining airworthiness approval of a Loran-C navigation
systemfor use under vFr (visual flight rul esg) and IFR (instrument flight rul es)
W thin the conterminous United States, Alaska, and surrounding United States
waters. Likeal | advisory material, this advisory circular is not, in itself,
mandatory and does not constitute a regulation. It is issued for guidance
purposesand to outline one method of conpliance with airworthiness
requirements. As such, the terms "shall" and "must" used in this advisory
circul ar ?ertam to an applicant who chooses to follow the method presented.
The guidelines in this Advisory Circular supersede those of AC 90-453, Approval
of Area Navigation Systems for "Use in the U'S. National Airspace System for
Loran-C navi gat i on equi pment .

2. CANCELIATION. Advisory Circul ar (AC)20-121, Airworthiness Approval of
Airborne Loran—C Systems for Use in the U S. National Al rspace System, dat ed
August 23, 1984, i s cancel ed.

3. RELATED FAR. Federal Aviation Regulations (FAR Parts 23, 25, 27, 29, 43,
and 91.

4. RELATED READING MATERIALS.

a. Federal Aviation Adm nistration (FAA)/Technical Standard Or der (TSO)
C60b, Ai rborne Area Navigation Equipment Using Loran-C | nputs. Copies may be
obtained fromthe Department of Transportation, FAA Aircraft Certification
Servi ce, AircraftEngi neering Divi sion (ATR-120), 800 | ndependence Avenue, S.W.,
Washi ngt on, DC 20591.

b. Radi o Techni cal Conmi ssion for Aeronautics (RTCA), Document NO.
D0-160B, Environnental Conditions and Test Procedures for Airborne Equipment,
Document NO. RTCA/DO-178A, Sof t war e Consi derations i n Ai rbor ne Systems and
Equipment Certification, and Document No. RTCA/DO-194, M ni mumOperational
Performance Standards for Airborne Area Navigation Equipment USINg Loran—C
Inputs. Copies may be purchased fromRTca Secretariat, One McPherson Square,
Suite 500, 1425 K Street, N.W.,\Washi ngt on, DC 20005.

c. Advisory CGrcul ar 90-82, Random Area Navi gati on Routes. Copies may be
obt ai ned fromt he Department of - Transportation, UWilization and Storage Section,
M-443.2, Washington, D.C. 20590.
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d. Advisory Circul ar 27-1, "Certificationof Normal Cat egory Rotorcraft."
Thi s document should be referenced to determne if considerations 'beyond those
contained in this advisory circular are necessary when installing a Loran-C area
navi gation systemin a normal category rotorcraft. |f necessary, AC27-1 will
address those items peculiar to rotorcraft installations. Copies may be ordered
from  Superintendent of Documents, U.S. Goversment Printing Office, Washington,
DC 20402, or fromany of the Government Printing Office bookstores |ocated in
major Cities throughout the United States. Identify the publication as AC 27-1,
Certification Of Nor mal Cat egory Rotorcraft, St ock Number 050-007-00708-6.

e. Advisory Grcular 29-2, Certification of Transport Category Rotorcraft.
This document Should be referenced to determne if considerations beyond those
contained in this advisory circular are necessary when installing a Loran-C area
navigation systemin a transport category rotorcraft. |f necessary, AC 29-2
will address those items peculiar to rotorcraft installations. cCopies maybe
obt ai ned fromthe Department of Transportation, Uilization and Storage Section
M-443.2, Washi ngt on, D.C. 20590.

5. BACKGROUND.

a.  SystemDescription. Loran-Cis a radio navigation system Which uses time
synchroni zed pulsed signals from ground transmtting stations spaced several
hundredm I es apart. The stations are configured in chains of three to five
stations which transmt with the same pul se group repetition interval (GRI).
Wthin each chain, one station is desi Pnat ed as master and the remainder as
secondaries. The master has unique pulse and phase transm ssion characteristics
to distinguish it fromthe secondaries. Loran-C position is derived by
measuring the difference in arrival tine of pulses fromthree or more ground
stations, The U S. Coast CGuard (USCG) Bresently uses a homogeneous spheroid for
the earth model fOr the Loran-C systembased on the Wworld Geodetic System 1972
Datum (may be updated to 1984 Datum), and t he Def ense Mappi ng Agency Sea \t er
Propagation Model for the propagation nodel. Navigational val ues such as
di stance and 'bearing to a waypoint are computed fromthe aircraft |atitude/
| ongi tude and the location of the wayﬁm nt. Course guidance is general I&
provided as a linear deviation from the desired track of a Geat Grcle Course.
The desired course may be pilot selectable or may be determned by the
navi gation conputer by conmputations based on the |ocations of succesive

waypoints.

b. System Availability and Reliability.

(1) Loran-C navigation predicated on hyPerboIic lines of ﬁosition origi-
nating froma single charn may not be suitable for IFR use throughout the entire
continental United States and northern Alaska. Equipnent utilizing master i nde-
pendent, cross chain, and/or nultiple chain receivers have been approved for IFR
use in areas where single chain receivers are unacceptable.

(2) Loran-C systemstatus is available through the Notice to Airmen
(NOTAM)SYySt em
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Loran-C status information is also available by neans of telephone data service
(300 or 1200 baud, ASCI|) from the U S. Naval Observatory, t el ephone (202)
653-1079. Loran-C ground transmtter reliability exceeds 99 percent annually.

(3) Expansi on of Loran-C coverage and improvements i n signal integrity
are presently being jointly acconplished by the FAA and UscCG.

c. Loran—CPositionErrors. The accuracy of Loran—-C navigation can be de-
graded by varrous Tactors. Errors are caused by the slower signal propagation
over land and fresh water than over sea water. These errors appear to be quite
constant over distances of up to several mles. The effect of these errors is a
shift or bias in the computed | atitude/longitude in the |ocal area. Use of
another triad in the sane area may produce a different bias value. Area cali-
bration procedures ny reduce the effect of these bias errors. Errorscan al so
be caused by weather fronts, abrupt changes in terrain, noise, and geometric
considerations,among Ot hers. These effects can be mnimzed by incorporation
of propagation models and other correction factors which substantially reduce
these errors automatically.

d. Gener al Operational Limtations.

(1) En Route and Terninal National Airspace System (MAS) Use.A Loran—C
sKstem ny be approved for en route and termnal navigation VFR or IFR Within
t he conterminous Uni ted St ates and Al aska. QO her navigation equipment (i.e.,
Very High Fr eﬂgency omni Range (VOR), Di stance Measuring Equi pment (DME),
Tactical Air Navi g?at| ONn (TACAN), Automatic Direction Finder (ADF)) appropriate
to the ground facilities along the intended route to 'be flown shoul d be
installed and operable. En route and termnal accuracy requirements nust be met
without the need for operator entry of calibration or correction factors.

(2) Approach Use i n the NAS. A Loran—C Systemumay be approved for
instrument approach operations w thin the conterminous United States and Al aska
provi ded the install ed system meets the minimum performance requirenents of
TSO-C60b. (Cperator entry of calibration or correction factors shown on a
charted instrument approach procedure may be used in satisfying approach
accuracy requirements.

- (3)1FR Navi gati on Equipment. Aircraft employing Loran-Cfor IFR
navigation should also be equipped with an approved alternate mans of
navi gati on.

(4) Loran-C (perational Areas. Operational use of the Loran-C system
n?]/ be limtedto s(i)ecm ed Loran-C Operational Areas (LOA's) because of system
characteristics and other factors affecting system performance. Loran-C
oBerann should be limted to those geographic areas where the equi pment has
Ny een| demonstrated t 0 meet the performance specifications of this advisory
circular.

6. DEFINITIONS.

a. Approach Operations. Approach operations are those flight phases con-
ducted on chart ed Instrument Approach Procedures (IAP's) commencing at the
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initial approach fix (IAF) and concluding at |anding or the nissed approach
holding fix, as appropriate.

b. AreaCalibration. Areacalibrationis a procedure where time measure-
ment correction factors are input into the Loran-C systemto reduce the effect
of propagati on anomalies.

c. Baseline. Aline between a Loran-C master station and one of its
secondary stafions or between two secondary stations.

d. Baseline Extension, The extension of the baseline beyond the master or
secondary station. Navigation in this region my be inaccurate due to
geometrical consi derations resul tingin ambiguous position sol utions.

e. Blink. A nethod of indi catinﬂ non-standard operation of a Loran-C sta-
tion be switching off and on the ninth pul se of an afrected master station or
the first two pulses of an affected secondarY station. Blink is used to denote
that a station is operating outside of specitied tolerances.

f Cycle Slip. Erroneous use of an incorrect cycle of the 100 kuz carrier
of the Loran—-C signal for time measurements. Normally the third cycle of a
given pul se is used for time measurement. Each cycle slip will result in a 10
m crosecond error in time measurement and a corresponding error in navigation.

g En RrRoute Qperations. En route operations are those flight phases con-
ducted on charted VOR routes designated as high or low altitude routes (Jet or
Victor), direct point-to-point operations 'between defined waypoints, or al ong
great circle routes as described in Advisory Grcular 90-82, Random Area

Navi gation Routes.

h. Envelope-to-CycleDi screpancy (EcD). The discrepancy bhetween the
desired and actual zero phase crossing at the end of the third cycle of the
ioran-cpul se. U.S. Coast CGuard specifications for the Loran-C transmtted
signal provide a further definition of ECD.

i. Ceonetric Dilution of Precision (Goop). A factor used to express navi-
gational error at a position fix caused by divergence of the hyperbolic [ines of
position as the recelver's (aircraft's) distance fromthe baseline increases.

3. (oup Repetition Interval (GRI). The time interval (measured in tens Of

J

microseconds) bef ween one group of pulses and the next fromany transmtter
Wi thin a Loran-C chain. Aall stations in a specific chain use the same GRI.

k. G oup Repetition Rate (GRR). The reciprocal of the GRI (usually
measured | N groups per second),

1 Line of Position (zop). A hyperbolically curved line defined by succes-
sive but constant time difference (TD) measurements USing the signal s from two
Loran-Ctransmtters. Two Crossing Lop's define a receiver's|ocation, thus at
| east three Loran-C Stations nust be used to establish a position fix.
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m. Mast er Dependent Mode. A Loran-C operating mode where al | time differ-
ence measurements are executed Wi th reference to the master's pul ses.

'n. Mster |ndependent Mode. An operating mode used in some recei ver
designs Tn which a secondary station signal may be substituted for the master
station signal.

o. Precipitation Static (P-Static). P-staticis electromagnetic noi se gen-
erated by the dissipation Of an electrical charge froman aircraft into the at-
mosphere.” The aircraft becones charged by flight through particles suspended in
the atmosphere such as dust, ice, rain, or snow. Unprotected aircraft may
create so nuch noise wathe Loran-C receiver can no |onger detect the
transmtted signal.

D. Slgpzhgve. Loran-C Signal energy traveling such that it is reflected by
the 1onosphere. skywaves travel farther than the ground wave to reach a given
point and can interfere with ground wave reception at sone |ocations.

g. Time Difference (D). The el apsed time, in mcroseconds, measured at
the receiver (aircraft), befween the arrival of a set of pul ses from one Loran-C
stat||on's signal to the arrival of a set of pulses from another station's
si gnal .

r. Triad. The collective name given to the three stations froma Loran-C
chai nfrom which navigational information is being derived.

s. Terminal Area Operations. Termnal area operations are those flight
phases conducted on charted Standard Instrument Departures (sib's), on charted
Standard Terminal - Arrival s (sTAR's ), or other flight operations 'between the | ast
en rout e fix/waypoint and aninitial approach £ix/waypoint.

7. AIRWORTHINESS CONSIDERATTIONS. Loran-C navigation systems have been certifi-
cated for VFR and IFR use as an area navigation systemfor en route and term nal
navi gation in the mas. This paragraph establishes acceptable criteria for
Loran-CSyst ens,

a. Loran-Clnstallations Used for Operations Under visual Flight Rul es
(VFR) Onl'y.  Operators w shi n? t0 use Loran-C TOr operations [Imted to VFR may
obtain approval of the installation bgl Type Certificate (TC), Suppl enental Type
Certificate (sTC), data field approved by the FAA on an FAA Form 337, Myj or
Repair and Alteration, or by the use of previously approved data. The approval
for return to service should be signed by one of the entities noted in FAR 43;
i.e., repair station, manufacturer, holder of an inspection authorization, etc.
fThlel installation verification should ensure, but is not limted to, the
ol | owi ng:

(1) The Toran-C I nstal |l ati on Does Not Interfere wth the normal opera-
tion Of other eguipment instalTed in the aircraft. This is acconplished by a
ground test and flight test to check that the Loran-C equipment i S not a source
of objectional electromagnetic interference (eMr), is functioning properly and
safely, and operates in accordance with the manufacturer's specifications.
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(2) The Structural Mounting of the Loran—C Equipment i S sufficient to
ensure the restraint of the equi pnent when subjectedto the emergency landing
| oads appropriate to the aircraft category.

(3) A Navigation Sour ce Annunci ator is Provided on or adjacent to the
display if the Loran—C 1nstalTaiion supplies any information to displays such as
a horizontal situation indicator (#SI) or course deviation indicator (cbr) which
can al so di spl ay information fromot her systens normally used for aircraft
navi gati on.

_ (4) The Loran-C Controls and displays are Installed with a placard(s)
whi ch stat es "foran-C Mot @roved for IFR."

(5) The Loran-C May Be Coupl ed to the "Radio Nav" Function of an auto-
pilot provided the systemhas a CDI or steeri ng output that 1S compatible With
the autopilot, and the same installation procedures nornally used for the vor
coupling are used.

b. Loran-Clnstallations Used as an Area Navigation System Under Instrument
Fl i ght Rules (IFR). The standards for navigation wihin the NMaS are more
stringent than the requirements f or | ong-range, over-water navigation. Loran-C
equipment produced under TSO-C60a i S not necessarily appropriate for enroute
area navigation under instrument flight rules since this technical standard
order was originally witten for long-range, over-water navigation. M ninum
performance Standards for Loran-C equipment t0 be used in the Nas are specified
| N TSO-C60b. Equipment previ ously certified usi ng TS0-C60a and AC 20-121/AC
90-45A may continue t0 he approved for en route and terminal operations provided
the appropriate performance standards are satisfied. ipment approved for
non- preci si on approaches nust have Tso-Cé0b approval and meet specified m ni num
performancestandards. Criteria for area navigation (RNAV) systems based on
Loran-C navigation are anplified in the* follow ng paragraphs. The initial
certification of a Loran-C Systemrequires an engineering eval uation because of
the need to verify accuracy, failure indications, approved operating areas,
environmentalqual i fications, etc. Subsequent installations of the same Loran—C
systemin other aircraft may require additional engineering evaluation,
dependi ng upon the degree of integration of the Loran-C systemwith other
aircraft systems. An engineering evaluation will be necessary to change or
i ncrease approved operating areas. Loran-C systemns for use under instrument
flight rules should provide the follow ng:

(1) Flightcrew | nputs of:

(1) Aircraft present position in terms of |atitude and | ongitude at
| east to the nearest 0.1 minute.

(ii) For en route operations, at |east three (for to-fromequiprent)
or four (for to-to equipment) waypoint positions in terms of |atitude and
| ongitude at |east to the nearest 0.1 mnute.

(iii) For termnal and approach operations, at |east eight (for

to-fromeguipment) or nine (for to-to equipment) waypoint positions in terms-of
latitude and longitude to at least the nearest 0.1 mnute.
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~ (iv) A means to confirmcorrectness of input data prior to
utilization of the new data by the system

o (v) A"direct to" function to define a route segment frompresent
position to any waypoint.

. (vi) Chai n (master and secondary) and GRI designation if the system
requi res manual desi gnati on.

- (vii) A means for manual update of system position by the pilot to
permt insertion of a known present position

(2) The System Di spl ays Shoul d G ve No Operational |y M sl eading
Information and Shoul d Provi de.

(i) Present position in terms of [atitude and longitude to at |east
the nearest 0.1 mnute and in terms of nagnetic bearing and di stance to or from
a waypoint t0 at |east the nearest 0.1 nautical nile (mmi) and nearest degree.
Di stances of at least 260 nmi shoul d be capable of being displayed, but dis-
tances greater than 99.9 nmi need only be displayed to the nearest 1.0 nmi.

(i) wWaypoint position designationinterns of |atitude and | ongitude
to at least the nearest 0.1 mnute or in terns of magnetic bearing and distance
frompresent position or another waypoint. ' Waypoint designation In terms Of
magnetic bearing and distance should be to at least the nearest degree of bear-
ing and 0.1 nmi for distances up to 100 rmi then at least 1.0 nmi for distances
of 100 nmi Or more.

NOTE: I nformation should be provided to the flight crew to prevent the designa-
fron of waypoints by a sequence of bearings and distances (i.e., the reference
B03|t|pn for a waypoint designated by bearing and di stance shoul d be designat ed
y latitude and |ongitude),

(iii) Adisplay of active waypoint(s) identification (not necessarily
waypoint position) used to define the navigation track 'being flown.

NOTE: Only Systems which define the desired navigation track in terms of its
endpoi nts can be used to navigate on published airways due to changes in
magnetic variation after the commissioning 0f the ground facility.

(iv) Adisplay of the desired track in terns of the appropriate mag-
netic course to at |east the nearest 1.0 de%ree. Display of the appropriate
magnetic course should not require the flightcrew to input the magnetic
variation corresponding to the present position

~(v) Adisplay of the distance to the active waypoint to the nearest
0.1 nmi. Distances of at least 260 nmi shoul d be capable of being displayed
but distances greater than $9.9 mi need only be displayed to the nearest 1.0
nmi.
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o (vi) A continuous anal og (i.e., nonnumeric)display of crosstrack
deviation wth

En Route/Terminal Appr oach
(rmi) (nmi)

Minimum Ful | - Scal e Def | ecti on >5.0 * >1.25
Readability <1.0 <0.25
M ni numDi scer nabl e Movement <0.1 <0.05

* NOTE: Smaller values Of minimum full-scale deflectionfor
approach ny be acceptable provided the ﬁ)roppsed value is
found satisfactory by an engineering eval uation.

(vii) A display of crosstrack deviation to the nearest 0.1 nmi up to
9.9 nmi and 1.0 nmi ' beyond, with a range of at |east_+20 nmi. This my be a
digital display, my be pilot selectable, and need not be part of the course
deviation indicator.

(viii> Adisplay of the distance and magnetic bearing (at the "from"
gnd of the segment) between waypoints to at |east the nearest 1.0 nmi and 1.0
egree.

. (ix) The capability to indicate, on demand, the specific Loran-C sta-
tions currently used in the navigation calculations as well as the status of all
stations being tracked.

(x) An annunci ation of inpending waypoint Crossing.
(3) Caution Indication(s) for the System Shoul d be Tocated on or near

the indicator specified I'n paragraph 7b(2) (£) and shoul d provide a readily
di scernible caution indication(s) to the pilot(s) for any of the follow ng:

(i) Inadequate Or invalid navigation signals or sources.
(i) The absence of primry power.

(i11) Inadequate or invalid navigation displays or output sources. In
the approach mode, the inability to assure navigation position data accurate to
within+0.3nmi.

(iv) Equi prent failures.
(v) Reversion to a secondary dead reckoni ng mode of navigation.

NOTE: These failure/status indications shall occur independently of any
operator action. Power or navigation equipment fail ur eSmay be indicated in a
common manner. The |ack of adequate navigation signals or sources (considering
signal-to-noise ratio (SNR) as wel | as geometry) shoul d be annunci ated when
conpliance with the navi %ation accuracy specified in paragraph 9 cannot be
assured, In the approach mode, the lack of adequate navigation signals or
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sources shal | be annunciated by neans of a flag di splayed on the primary
navigation display. 1In other modes, an appropriately located annunciator may be
used.

(4) When Wthin an Acceptabl e Loa, the systemshal | be able to prop-
erly acquire and frack signals and provide navigation to the accuraci es speci-
fied in paragraph 9 under the conditions and within the time limts specified in
TSO-C60b.

~(5) Navigation Guidance Should be Available within 5 seconds of waypoint
data input.

(6) The Equipment Shoul d Have The Capability to met the criteria out-
l'ined in paragraph 7b(1) through 7b(5) throughout the range of environmental
conditions which will be encountered in actual service. Exposure of the equip-
nent to the environmental test conditions of TSO-C60b may be used t 0 demonstrate
this c%pab| I |.t3/. Environmental testing to obtain a TSo-C60a authorization my
be used provi ded that the test results al SO demonstrate compliance With the
criteria of paragraph 7b(1) t hrough 7o(6). !

(7) The Equipment Shoul d Provi de a Means for the Flightcrewto determne
systemstatus prior to fTight.

(8) The Equipment Shoul d Not Exceed the Error Val ues specified in para-
graph 9 for alT groundspeeds up {0 a maximum value {0 be Sef by the manufacturer
and shoul d provide usabl'e navigation information necessary for holding patterns
conducted with standard rate turns at speeds up to 250 knots groundspeed or at a
lesser val ue specified by t he equipment manuf act urer.

. (9) The Bgquipment Shoul d Provide Means to Alert the Flightcrew prior to
arrival at a waypoint To permt furn anticipation in accordance with the approx-
imte fornula of 1.0 nmi for each 100 knots of groundspeed. This indicator
shoul d be | ocated on or near the indicator specified in paragraph 7o(2) (£). For
Loran—C SYyStemwhich are not coupled to a flight director or autopilot, a pro-
cedural means based on a continuous and properly located distance to waypoint
di spl ay may be used for waypoint | ateral maneuver anti ci pati on. Systems whi ch
provide steering signals for flight directors or autopilots should provide auto-
matic turn anticipation and a waypoint al ert which occurs prior to the
initiation of the turn by the flight director or autopilot.

(10) If a capability for Parallel Offset Tracks is Provided, track selec-
tion should be in increments of af Teast 1.0 nmi Teft or right up to an offset
of at |east 20 nmi. Means Shoul d be provided to continuously indicate that an
offset track has been selected. Waypoint al ertingandturnanticipationshould
be provided prior to arrival at the point where the off set intersects tie angle
bisector of the parent track. These functions shoul d operate as described in
par agraph 7b(9).

~c. Softwarechanges. The provisions of this paragraph apply to Loran—C
- equi pment which utiTizes a digital computer t 0 provide navigation inform& on or
syst enmonitoring. The computer program (software) operates the conputer and
provides the basic functions of these systems. The software for navigation
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functions of Loran-C equipment described in paragraph 7b (for Loran- Cused for
1rroperations) should be verified and validated to at |east the |evel 2
requirements as defi ned by RTca/DO-178A, " Soft war e Considerationsin Ai rborne
Systems and Equipment Certification." Any changes to software which affects
navi gational functions are considered to be mgjor changes to the equipment.

Unl ess software partitioning has 'been previously established, any change to
level 1 or Ievel 2 software of Loran-C area navi gati on equipment should be
verified and validated to the appropriate |evel and shoul d be demonstrated as
not having inadvertently affected the remaining navigational functions. changes
to software used for ILoran—C equipment |imted to VFR USe Or equi t havi ng
establ i shed partitioning from software waich provi des navigati onamncti ons in
IFR systems are consi dered to be minor and do not require prior approval by the
FAA, providing the manufacturer of the Loran—C equipment has a sof t ware
configuration mangement and qual ity assurance pl an approved by the FAA
Software Status nust 'be identified on the outside of the associated |ine

repl aceable unit in accordance with the criteria of rRrCA/DO-178A. Software
chan?e in TSO approved equipment must be reportedt 0t he cogni zant Aircraft
Certification Office. If the equipment di_sEI ays a software identifier to the
flightcrew the airplane or rotorcraft flight manual (or appropriate placard)
shoul d indicate the approved. identifier. Software changes incorporated in
equipment already installed in an aircraft may require additional evaluation and
possible flight manual suEpl enent revision prior to returning the aircraft to
service, depending upon the scope of the change.

8. EODUIPMENT INSTALLATION CONSIDERATIONS FOR USE UNDER IFR.

a. Location of the Ioran—C Display. Each display element, used as a primry
f1ight instrument Tn The guidance and control of the aircraft, for maneuver
anticipation, or for failure annunciation, should be |ocated where it is clearly
visible to the pilot (in the pilot's primary field of view wth the least prac-
ticable deviation fromthe pilot's normal position and |ine of vision when
| ooking forward along the flight path.

b. Failure Protection. Any probable failure of the airborne Loran-C navi-
gati on systemshoul d not degrade the normal operation of other required equip-
ment or create a flight hazard. Normal operation of the Loran-cinstallation
shoul d not adversely affect the performance of other aircraft equipment.

c. EnvirommentalConditions. The aircraft environment i n which the
Loran—C Systemis instalTed shoul d be found to be conpatible w th environmental
categories to which the equipment was tested.

d.Electromagnetic| nterference. The Loran-C navigation systemshoul dnot
be the source of objectionable electromagnetic interference, nor be adversely
affected by electromagnetic interference fromother equipment intheaircraft.

~e. P-Static Protection. If an E-Field antenna (whip, plate, or blade type)
Is used, the aircraft should be protected by placing the antenna in a suitable
| ocati on, b}f acceptabl e bonding techniques and installation of static dis-

chargers, These protective devices should be specified as part of the approved
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design data for the Loran-C installation. The capability to provide
satisfactory P-static protection for the Loran—C systemshoul d be demonstrated
as part of the initial certification program This testing my be accomplished
b% ground or static testing if sufficient data is provided to demonstrate t hat
the proposed technique is equivalent to flight testing. If a flight
demonstration i S selected, it nust be conducted at speeds up t0 Vpes

Vi O Mgy through known P-static conditions such as a cloud of ice o
crystal s*  Momentary | 0ss of signal when encountering heavy P-static conditions
may be acceptabl e provided the equipment i s capabl e of providing acceptable
navigation I nformtion during such conditions.

(1) P- St ati ¢ Charging/Discharging. P-static charging of the aircraft
can cause degradation of the signal-to-noise rati o by one of three nmajor mech-
anisms: sparkover of isolated metal panels, corona discharge, and streamer cur-
rents.  Sparkover of isolated metal panels can be handled by appropriate
bond|n?. Thi's bonding needs to occur on all control, and trimsurfaces as well
as isolated access panels. Bondi ngshould be evaluated by acar ef ul ohm csur-
vey (an electrical bonding limt of 10 milliohms i S considered acceptable? of
each aircraft in which the roran-C systemis installed or by other suitable
techniques. The effects caused by streamer currents can be reduced by placing
the receiving antenna as far as possible fromany nonconductive surfaces such as
wi ndshi el ds.  The nonconductive surfaces may be coated W t h a conductive
coating. Temporary Spray coatings are not satisfactory. Corona discharge can
be reduced by the apﬁropr|ate placing of orthodecoupled static dischargers on
the extremties of the aircraft. A nunber of recent studies have shown that the
frayed-w ck types of discharger rapidly lose their effectiveness as a result of
use. Therefore, dischargers constructed with a high resistance rod and metal
pi ns are recommended al though other types may also be used if they can
demonstrate ability to ﬁrOVIde protection fromradio frequency (RF) coupling to
t he Loran-C antenna. The number, type, and |ocation of these static dischargers
to be installed on a particularaircraft model shoul d be determined by fol | ow ng
the instructions provided by the manufacturer of the static discharger for
P-static protection

£. Anti-lce Protection. |If the aircraft in which the Loran-C systemis
installed 1s approved for flight into known icing conditions, the antenna shoul d
have anti-ice protection or be found not to be susceptible to ice buildup
Alternatively, if the Loran-C system can be shown t0 operate satisfactorily when
the antenna i's subject toicing, or if the systemis linted via placard or
flight manual to indicate that it is not to be used for navigation during flight
inicing conditions, then anti-ice protection is not required.

0. Nynanic_Responses. The system shal| continue to indicate aircraft posi-
tion to the accuracy specified in paragraph 9 within 15 seconds fol | ow ng
aircraft maneuvering or changes in attitude encountered in nornal operations.

h. System Controls. The system controls should be arranged to provide
adequate prot ection agai nst i nadvertent systemturnoff. The controls for system
operation should be readily accessible to, and usable by, the flightcrew and be
VIS;b|ﬁ under all expected lighting conditions, including night and direct
sunl i ght
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. i. System Tests. The initial approval of a Loran-C systemfor IFR use

i nvol ves extensive Testing to demonstrate Syst emperformance, Oper ational areas,
envirommentalqual i fications, etc., as described in paragraph 7b(6). Subsequent
installations in other aircraft need only be tested to the extent necessary to
demonstrate proper operation of interfacing aircraft equipment such as
autopilots, flight directors and instrunment displays, satisfactory antenna
installations as evidenced by the reception of Loran-C signals during normal
flight mneuvers, satisfactory clearance of electromagnetic interference (eM1),
and functional check of the Loran-C equi pnent.

Manufactuer's | NStructions. ILoran—C equipment should be installed in
accordance wth rnstructrons and Timtations provided by the manufacturer of the

equipment.

k. Approach Mode Linmtation. Loran-C equipment capabl e of selecting an
"approach” mode 0N the control panel shall be placarded "Approach Mbde Not
Approved for IFR," unl ess the equipment i s approved for conduct of Loran-C
nonpr eci si oninstrumentappr oaches.

9. SYSTEM ACCURACY.

a. En Route IFR peration Al ong Random (Off Airways) RNAV nmutes with Radar

Coverage. The error of the airborne Loran-C equipment should be [ess than +3.8
rmi Of crosstrack error on a 95 percent probability basis and +3.8 mmi of
al ong-track error on a 95 percent probability basis.

b. En Route IFR Operation Oon Airways in the nas. The error of the airborne
Loran-C equipment Shoul d be Tess than +2.8 nmi of crosstrack error on a 95
percent probability basis and +2.8 nmi of al ong-track error on a 95 percent
probability basis for approval -of en route IFR operations on airways.

‘c. Termnal IFR Operationinthe Nas. The error of the airborne Loran-C
equi pment shoul'd be Tess Than +1.7 nmi of crosstrack error on a 95 percent
prob.ab| lity basis and +1.7 nmi of al ong-track error on a 95 percent probability

basis for approval of terminalIFR oOperations.

d. Instrunment Approach Operationinthe Nas. The error of the airborne
Loran-C equi pnent should be Tess than +0.3 nmi of crosstrack error on a 95
percent probability basis and +0.3 nmi of al ong-track error on a 95 percent
probabil ity basis for approval - of instrument approach operations.

e. Flight Technical (pilotage) Errors. Wth satisfactory displays of
crosstrack position, the FAahas determined that flight technical errors can be
expected to be | ess than the val ues shown bel ow on a two-sigma basi s.

Flight Condition Flight Technical Error
En route +1.0 nmi
Terminal +1.0 nmi
Appr oach +0.5 nmi

12 Par. 8



8/24/88 AC 20-121A

Sufficient flight tests of the installation should be conducted to verify that
t hesevalues can be maintained. smaller values for flight technical errors
shoul d not be expected, unless the Loran-C systemis to "he used only when
coupled to an autopilot; however, at least the total system crosstrack accuracy
shown bel ow shoul d be mai ntai ned,

If an installation results in Iarger flight technical errors, the total cross-
track error of the system shoul d be determ ned by combining equipment and f i ght
technical errors using the root sumsquare (Rss) nethod. The result should be

| ess than the values |isted bel ow

Flight Condition Tot al CrossTrack Error
RandonRMAV Routes +4.0 mi
En route, on Arways +3.0 nmi
Term nal +2.0 nmi
Appr oach +0.6 nmi

10. IFR ATRWORTHINESS APPROVAL. There are two types of approval which differ
greafTy as to fest requirements and data anal ysis.

a.  First-Ti maAirworthiness Approval. This type of approval refers to the
very first time an applicant presents a particul ar model Loran-C equipment for
FAA airworthiness installation approval and certification for an IFR navigation
system Any new models Of Loran-C equipment by the S- manuf act urer should un-
dergo the sane approval process as the or|.q| nal eguipment unless it can be shown
b% anal ysis and tests that the new model will function as well or better than
t he approved equipment. A first-tine approval is conducted in three phases:

(1) Lab/Bench Test s and Equipment Dat a Eval uation. This phase consists
of the fol lowng:

o (i) Anal ysi s of the manufacturer's procedures for verification and
validation of software and review of supporting documentation in accordance with
%he gui del i nes of RTCA/DO-178A where the systemperforns navigational

unctions.

- (i1) Verification of conpliance with appropriate envirommental
qual i fication standards such as RTCa/DO-160B.

. (iii) Exam nation of the equipment's display capabilities with
enphasi s on warning, caution, and advisory annunciations.

(iv) Analysis of failure modes.

. (v) Review of reliability data to establish that all probable
failures are detected.

(vi) Eval uation of the ease of use of the controls and of the view ng
ease of the displays and annunciations froma human factor point of view.

(vii) Revi ewof installation and maintenance manual s.

Par. 9 13
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(viii) Evaluation of operator% manual (pilot% guide).

(2) Aircraft Installation Data Eval uation. Normally t he manufacturer of
the Loran-C equipment WIT provide an aircraft as a test bed for a first-tine
installation approval. This first-time installation af)proval will serve as a
basis for an?/ subsequent installation approvals regardless of aircraft type or
model. The tollow ng assessments are to be made:

(i) Review of installation drawings, wiring diagram and
descriptive wring routing.

(i) Evaluation of the cockpit |ayout of the install& equipment with
mphasis ON equipment control s, applicable circuit breakers (labels and acces-
sibility), swtching arrangement and rel ated indicators, displays, annunciators,

et c.

(iii) Analysis of a data flow diagramin order to review which
equipment transmits what datato which ot her equipment.

(iv) Review of a structural analysis of the equipment installation in
order to ascertain whether all ILoran-C components are satisfactorily attached to
the basic aircraft structure.

(v) Exam nation of an electrical |oad analysis in.order to veri fP/
that the added el ectrical power requirements of the Loran-Cinstallation wl
not cause overloading of the aircraft's electrical generating capacity.

(vi) Evaluation of the antenna installation. A critical aspect of
any Loran-C installation is the installation of the antenna. The Loran-C signal
IS quite weak, typically only one-third the value of the background noi se.

El elctr| cal noiseinthe vicinity of the antenna can render the Loran-C equipment
usel ess,

(A) E-Fi el d antenna (whi p, Pl ate, or blade type). Precipitation
static has an adverse effect upon the signal receiving capability of this type
of antenna, The adverse effects of precipitation static can be mnimzed by use
of the proper antenna type and |ocation, by installationof high-quality static
di schargers, by proper ﬁm ng, and by application of anti-static paint on all
plastic nonconducting surf aces. The manufacturer%installation or maintenance
manual usually describes "good” E-Fi el d antennainstal | ation practices.

NOTE: Each aircraft should 'be subjected to a careful ohmc survey of bonding
(an el ectrical bonding limt of 10 milliohms i S considered acceptable). The
P-static protection is arequired part of the Loran-C installation and nust be
mai ntained for proper system operations.

(B) HField antenna (Il oop typeL. The signal receiving quality
of this type of antenna i s adversely affected i/]aircraft electrical skin
currents, particularly by 400 Hz ac. P-static has no appreciable effect on an
H-Field antenna, and its effects can usually be ignored. A procedure called
"skin mapping" i S normally employed t 0 determ ne a good mounting | ocation. It
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shoul d ' be noted that shifting major aircraft el ectrical components to different
locations within the aircraft may render a previously determned skin map
| ocation unsuitable. ‘

NOTE: The following is a simple test to verify the effectiveness of an HField
antenna installation | ocat edby skin mapping. Park the aircraft away from an
external electrical noise source. Using only the aircraft%battery, and wit
all other electrical equipment off, activate the Loran-C equi pment and record
signal -to-noi se values (or quality factors) for all receivable stations. Repeat
this process of recordi n? signal -to-noi se values (or quality factors) wth

engi ne(s) running and all electrical/el ectroni c equipment operating on aircraft
pover. |f the antenna installation is satisfactory, there should not be any
significant degradation in signal-to-noise ratio values or quality factors.

(3) Flight Test Evaluations. Flight tests are conducted in two stages.

(i) Functional Flight Tests Consist of:

(a) Eval uation of all operating modes of the Loran—C equipment.

(B) Exam nation of the interface (function) of other equipment
connected to the Loran-C equipment.

() Review of various failure modes and associ ated annunci ations
fsu.clh as | 0ss of electrical power, |oss of signal reception, Loran-C eguipment
ailure, etc.

(D) Evaluation of steering response while autopilot is coupled
to the Loran—C equipment during a variety of different track changes.

. ~ (E) Eval uation of displayed Loran-C navi gati on parameters on
interfaced flight-deck instruments such as #SI, CDI, etc.

o (F) Assessment Of all switching and transfer functions
pertaining to the Ioran-Cinstallation including hi gh-power el ectrical | oads and
el ectrical bus swtching.

~ (G) Evaluation t 0 determine Whet her there exi sts any .
el ectromagnetic or radi o frequency interference between the Loran—C installation
and ot her onboard equipment, Or Vi Ce Versa.

(1) Eval uation of the acessibility of all controls pertaining to
t he Lor an- Cinstallation.

. (I) Evaluation of the visibility of the displays and
annunci ators pertainingtothe Loran-Cinstallation during day and night
| | ghténg dcond| tions. Nodistracting cockpit glare or refections may be
i ntroduced.

(J3) Anal ysi s of crew workl oad when operating the Loran-C
equipment.
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(ii) Determnation of Navigation Error Flight Test. The initial

certification of each Loran-C Systemto "be used for IFR operations shoul d be
' based on a demonstration Of system perfor mance by recording t he Loran-C
equipment position and conparing it to the actual position of at |east 100
| ocations distributed throughout the Loran—C operational area. These measures
shoul d be recorded in flight by overflight of a known ground reference point at
low altitude (less than 3,000' above ground |evel (aGL)) or conparison with a
good multiple o fix. The data shoul'd demonstrate that the aBpr_opH ate
accuracy criteria of paragraph 9 are met on a 95 percent probability basis.
. Flights into known poor signal areas should be conducted to verify that the

caution indications for bad geometry and poor signal quality function properly.
A ground or flight test for P-static protection, if appropriate, should be
conducted. Normal flight manuevers shoul d not cause [oss of the Loran-C signal
and the system dynamic I €SPONSe should be confirmed. any unusual flight
technical errors or errors resulting fromuse of the autopilot and flrght
di r ect orshould be evaluated and examined. For receivers that track only one
chain at a tine, at |east 50 percent of the accuracy measurements shoul d be
accomplished at or near the extremes of each defined LOA. For master
I ndependent, cross chain, and nulti-chain receivers, at |east 50 percent of the
accur acy measurements shoul d be acconplished at or near the extremes of the
combined chai n coverage area. At these points, the system should also ,
demonstrate i tS ability t 0 acquire t he Loran—C Si gnal after power interruption.

b. Pollow-OnAirworthinessl nstallationApprovals. This type of approval
refers t0 instalTation approvals in any model or type of aircraft after a first-
time airworthiness approval of the particul ar Loran—-C equipment has been i ssued.
Fol | ow-on approval s may use the first-tinme airworthiness approval, which was
either a Tc or an STC, as a hasis for installation approval. Followon
installation approval s may be accomplished by TC or STC, or may be in the form
of afield apProvaI on an FAA Form337. The apFIicant or installin? agency
requesting a foll owon Loran-C installation utilizing this method of data
approval shoul d:

~ (1) Contact either the manufacturer or organization responsible for
obtaining the first-time airworthiness approval in order to:

_ (i) Qbtain a sanpl e airplane flight manual (AFM) or rotorcraft
f1ight manual (rReM) suppl enent (or supplemental flight manual, as appropriate).

(ii) Obtainverification of the equipment approval status, including
the model of the antenna and software program identification.

(iii) Discuss any problem areas and seek assistance in their
sol ution.

(2) Conduct a simlar data evaluation as outlined in paragraphloa(2).

(3) Conduct flight evaluations simlar to the flight tests outlined in
paragraphloa(3)(i).

(4) Verify that the ohmc bonding check of the aircraft nas been
conducted and that appropriate numbers and types of static dischargers are
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installed i f an E-Field antenna i s used, or that a skin map has determined the
appropriate location for the antenna if an H-Field antenna i s used.

(5) Verify that the maximum expected groundspeed of the aircraft is |ess
than the maximm operating speed for which the Loran-C equi pnent is qualified.

(6) Spot-check navigation accuracy and verify ,oroper system operation b
conducting an evaluationflight. The flight test should be of sufficient |engt
and should foll ow a plan which permts proper functional evaluation of the
Loran-Ci nstal lation. Accuracy should 'be verified by conducting at |east two
| ow-| evel overflights of known landmarks (i.e., a VORStation). (A DME-DME
position fix may 'be substituted for one of the lowlevel overflights.) The
recei ver shoul d denonstrate the ability to properly acquire the Loran-C signal
-under varying conditions, including at least five acquisitions in flight and
five on the ground. Acquisition demonstrations shoul d encompass a vari ety of
chains (Ifor single chain receivers) and, if possible, poor signal quality areas.
ifpossi bl e, this flight should include areas of poor coverage tc observe proper
overation Of appropriate annunci ations. The purpose of this test flight is not
to validate navigation error values, but rather to verify that in the course of
this installation nothing was done to compromise the accuracy of the systemas
deternmined by the first-tine approval. Errorsin excess of the values |isted in
paragraph 9 should be evaluated to determne ﬁossi ble causes. If a logical
ex,ol anation is not available, additional flight test data points should be

lected in the area(s% where the excessive error occurred. If such error(s)

e installation should be withheld.

co
persists, approval of t

11. oPERATTONAL CONSI DERATI ONS.

a. Qperation in the National - Airspace System (MAS). The aircraft shoul d
have navigational equipment I NSt al T ed and operating appr cwri atetothe ground
facilities to be used (not including Loran-C systen). Wthin the conterminous
Uni ted States, thi S requirement may be met With the installation of a vorR
receiver inaddition to the Loran-C system approved for IFR operation.

h. Loran-C Qperational Area, Operators and their fli ?htcrews shoul d con-
sul t the approved f11ght manual supplement for their aircraft to determne
approved operational areas that a pr to their aircraft. Flightcrews mst be
aware that operational areas may be different for different Loran-C systens , and
t he appropriate operating area(s) for a particul ar systemcan only be determ ned
by re}f:)erence to the approved flight manual or other Faa approved docunents.

//v )
-
s

M. C. Beard, . . .
Director, Aircraft CertificationService
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APPENDIX 1. PROCEDURES FOR OBTAINING FAA APPROVAL FOR IFR/VFR OPERATIONS BY
SUPPLEMENTAL: TYPE CERTIFICATE OR FAA FORM 337 ( FI ELDAPPROVAL FOR
FOLLON-ON INSTALLATIONS.

1. APPROVAL OF TECHNICAL DATA BY SUPPLEMENTAL TYPE CERTIFICATE (STC).

a. The STC Applicant:

(1) Makes an application for an sTC at the nearest raaaircraft certi-
fication office. Early contact is wse, since scheduling ny be critical. FAA
eval uates the data submitted by the applicant, issues a Type InsFection
Aut hori zation (r1a), and participates in ground/flight tests outlined in
Par aﬂraph 10. An stcis issued when al | airworthiness requirements are met.

f the submtted data i S adeguate, the sTC authorizes identical installations in
the same aircraft type.

. (2) Designs and installs the Loran-C systemto the criteria set forth
in applicable paragraphs of this advisory circular, or consistent with octher
data acceptable to the Admnistrator.

(3) Qotains an authorization fromthe equipment manufacturer to refer-
ence the original data for equipment accuracy (per paragraph 9), or conducts the
necessary tests.

(4) Makes an aircraft available (with the Loran-C systeminstalled) for
ground inspection and flight test. The applicant is responsible for furnishing
a qualified flightcrew for the required flight tests.

- (5) Shoul d submit the fol | owi ng kinds of data for FAA airworthiness
eval uati on:

(i) Equipment dat a such as:
(A) Equiprment schematics and system tiring diagram

_ _ (B) Equipment manufacturer's operatinginstructions and
i nstal | ati oninstructions.

. . (C) Equipment manufacturer's qual ity control procedures (not
required i f manufacturer's quality control i s FAA-approved).

(D) Envirommental t est dat a.

NOTE: Equipment data need not be submitted if the equipment has been
manuf act ured under a technical standard order authorization.

(ii) Fault analysis covering installation.

_(ii1) Installation information and/or photographs, including antenna
and P-static protection devices.

(iv) Structural substantiation as necessary.
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(v) Installation wiring diagram

. (vi) Flight manual revision or supplement, or placard drawings as
required (see paragraph 2c of this appendix).

(vii) Evidence of previously approved data.
(viii) Electrical load analysis.
b. The Bquipment Manufacturer Can Certify (to the applicant and FAA) that
t he performance Criteria I n paragraph 9 Dy reference to the original stc have

"been satisfied, a Tso has been obtained, and that the appropriate environmental
tests have been conduct ed.

2. APPROVAL OF TECHNI CAL DATA/INSTALIATION FOR IFROPERATIONS BY FaA FORM337
( FI ELDAPPROVAL) .

- a. DbataSubmittedbythe Applicant. Alteration datafor the equipment
instal |atTon WTT "Dbe submitted W Th a properly executed FAA Form337, and a
certification fromthe manufacturer to confirm that the system performance
requi rements of paragraph 9 have been met.

b Additional Data Which May Be Required. |f required for Faa airworthi-
ness evaluafion by the FAA district office approving the technical
data/installation, the applicant may also be required to furnish a copy of the
equipment data (for equi pment not produced under a technical standard order
aut hori zation), manufacturer's oPerati ng and instal lation instructions fault
analysis for installation, installation details and/or photographs,
substantiation of structural changes, and system wiring diagram

c. Arplane Flight Manual (AFM) Or Rotorcraft Flight Manual (RFM) ih
SUPPLEMENT. AN AFM/RFM supplement ( Of supplemental 11 ght manual ) prepared by
the ap|o| I cant and containing the fol | owi ng information nust 'be presented for FAA
approval .

(1) Equipment operating |imtations.
(2) Emergency/abnormal oper ating procedures (if applicable),

. (3) Normal procedures for operating the Loran-C systemand any
interfaced equi pnent.

(4) Procedures for verifying proper operation after power outages.

d. The applicant nakes an aircraft available (wth the Loran-C System
installed) Tor ground and TTTght tests, and 1S responsible for furnishing a
qualified flightcrew for the required flight test. The results of the flight
test should made a part of the data submitted. The FAA approving inspector will
request to observe the flight test.

NOTE: The Faainspector will evaluate and sign the airplane flight manual
suppl ement or rotorcraft flight nmanual supplement (or supplenental flight
manual) presented by the applicant as part of a field approval. Generally, FAA

2
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i nspectors shoul d have sufficient understanding of the AFM or the RFM to
approve a suppl enent for the Loran-C installation wthout the need for

engi neering assistance. However, if engineering assistance is needed, then the
i nspector should request it early in the program

e. Field approvals of Loran-Cc installations for IFR should be limted to
fol  owon TnstalTafions where the original approval was through the TC or STC
process and where the s%/st eminstallation is either of the stand-alone kind or
where the interface with autopilot, flight director, and aircraft equipment is
of a simple nature. For example, a Sinple interface i S one which provides a
switching arrangenent to substitute the Loran-C deviation and flag signals for
t he comparable out puts of one vor receiver. Field approval s without engineering
assi stance shoul d not be made when:

~ (1) The Loran~C equipment transfers or accepts data fromother
navi gation systems or computers such as inertial, omega,or flight management
syst ens;

, (2) The aircraft has nunerous sources of navigation informtion
installed with a complex SWtching system; and

(3) The Lor an- C equipment i ncor porates a sof tware configuration that
has not been FAA approved.

3. APPRYMAI OF INSTALIATTION FOR VFR OPERATIONS. Approval of Loran-C .
installations  Or operations under VFR may be obt al ned by Tc, STC, or data field
approved by the FAA on an FAA Form337. |f previously aPprpved data is
available or the installation can be acconplished by utilizing provisions

provi ded by t he airframe manufacturer f or standard avi oni ¢S equipment
installations, the installation then be approved for return to service by one of
the entities noted in FAR 43; i.e., repair station, manufacturer, holder of an
inspection aut horization, etc., provided the installation:

a. Conformto the acceptable methods, techniques, and practices contained
ac43.13-1a, Accept abl e M&hods, Techniques and Practices - Aircraft Inspection
Eepawland AC 43.13-2a, Acceptable Methods, Techniques, and Practices - Aircraft

terations.

b. Does not interfere with the normal operation of other equipment
installed in the aircraft. This is acconplished by a ground test and flight
test to check that the Loran—C equi pment s not a source of objectional
el ectromagnetic interference (mMr), is functioni ngr_prop_erly and safely, and
operates In accordan W th the manufact urer% specitications.

c. Does NOt involve complex switching for integration with other aircraft
systems; e.g., flight directors, electronic flight instrument system(gris)
displays, etc. The Loran-C may be coupl edt ot he radi 0 nav function of an
autopilot provided it has a course deviation indicator output that i S compatible
with the autopilot and the same installation procedures normally used for the
VOR coupl i ng are used.
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d. Provides anavigation source annunciator i f the Loran-Cinstallation
supplies any information to displays such as an HSI or cpI which can also
di splay data fromother equipment normally used for aircraft navigation.

e. Except for items c and d of this paragraph, is completely isolated from
al | IFR systens.

£. Has an approval recordation contained in an FAa Form337 and that a
placard i s in clear viewof the pilot which indicates "Loran-C Not Approved For
IFR."

NOTE:  Helicopters approved only for vFR operations do not need placarding.
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APPENDI X 2. SAMPLE ATRPIANE FL| GHT MANUAL, SUPPLEMENT .

INSTALLATION CENTER/FAA REPAIR STATION #
123 Fourth St reet Anytown, USA

FAA APPROVED AIRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM

ATRPLANE MAKE:
ATRPLANE MODEL:
ATRPLANE SERTAL NUMBER:
ATRPLANE REGISTRATION NUMBER:
Thi s document must be carried in the airplane at all tines. |t describes the

operating procedures for the Loran—C Systemwhen it has been installed in
accordance wi t h (manufacturer's installation manual ) and FAA Form 337 dat ed

For airplanes with a Pilot's Qperating Handbook and/or Faa approved Airpl ane
Fl i ght Manual , this document serves as t he FAA Approved Leran-CFl i ght
Manual supplement. \Wen the ILoran-C systemis installed in an airplane that
does not have an FAA approved - A rﬂl ane Flight Manual, this document serves as
t he FAA Approved Supplemental Flight Manual .

The information cont ai ned herei n supplements or supersedes the basic Airplane
Flight Manual only in those areas |isted herein. Forlimtations, procedures,
and ?erfor mance information not contained in this document, consult the basic
Airpl ane Flight Manual (if applicable).

FAA APPROVED:

(Tnspector’ s Name) -
Aviation Safety Inspector (Avionics)
ACE~GADO/ACDO/FSDO

Federal Aviation Admnrstration

FAA APPROVED
DATE;
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INSTALLATION CENTER/FAA REPAIR STATI ON #
123 Fourth Street
Anytown, USA

FAA APPROVED AIRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM

SECTION I

INTRODUCTION

A EQUIPMENT DESCRIPTION

Provide a general description of the Loran-C Area Navigation System
installed in the aircraft.

B. CGENERAL

Provi ded the Loran-C navi gation systemis receiving adequate usabl e
signals it has been denonstrated capabl e of and has been shown to meet the
accuracy specifications of:

1. VFR/IFR en route, termnal and approach (if applicable) operation wthin
the conterminous United States and Al aska in accordance wth the
criteria of AC20-121A.

2. Flight inthe North Atlantic (NMAT) Minimum Navi gation Perfornmance
Speci fications (Mps) ai rspace i n accordance with ac 91-49, Gener al
Procedures for Flight inNorthAtlantic Minimm Navigation Performance
Specifications Ai rspace (i f applicable).

FAA APPROVED
DATE: Page 2
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INSTALLATTON CENTER/FAA REPAIR STATION #
123 Fourth St r eet
Anytown, USA

FAA APPROVED AIRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM
SECTION II
LIMITATIONS
The Loran-C Pilot's GQuide, PIN , dated ,

or lafer revision) nust be immediately available to the flightcrew whenever
navigation is predicated on the use of the system

B. Navigation using the Loran-C systemis limted to the follow ng
(Define approved operating areas)
C. 1IFR navigation i S prohibited unless the pilot verifies each selected
waypoint for accuracy by reference to current approved data.
élf the equipment incorporates a navigation data base or stored flight plan
ata, the pilot must verify the currency of this data prior to use.)
D. When USingthe Loran-C, additional equipnment required for the specific type
of operation must be installed and operable.
E. The Loran-C system position nust be checked for accuracr (reasonabl eness)
prior to use as a means of navigation and under the follow ng conditions:
1. Prior to each compulsory reporti n% point during IFR operation when not
under radar surveillance or control.
2. Prior to reguesting off-airway routing, and at hourly intervals
thereafter during RMAV operation of f approved RNAV rout es.
3. At or prior to arrival at each en route waypoint during RNAV operation
al ong approved RMAV routes.
4. Upon acquisition of a new GRI.
F. During periods of dead reckoning operation, the Loran-C shoul d be used
with care.
FAA APPROVED

DATE: Page 3
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INSTALIATION CENTER/FAA REPAIR STATION #
123 Fourth Street
Anytown, USA

FAA APPROVED ATRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM

SECTION 111

EMERGENCY PROCEDURES

Am If sensor information is intermttent or lost, utilize remaining operational
navi gation equipment as required.

FAA APPROVED Page 4
DATE:
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Appendix 2

| NSTALLATI ON CENTER/FAA REPAI R STATI ON #

123 Fourth Street

Anytown, USA
FAA APPROVED ATRPLIANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM
SECTION | V
NORMAL, PROCEDURES
A. OPERATION
Normal operating procedures are outlined inthe pilot's Quide, P/IN
dat ed , (or later revision).
B. SYSTEM ANNUNCIATORS
Describe each renote annunciator, such as:
1. Waypoint (WPT)
2. Message (MSG)
3. Dead Reckoning (DR)
4. Cross-track (X-Track) (Parallel-offset)
5. Equipment Status (signal strength, signal status, signal-to-noise ratio,
systemfailure, etc.)
C. SYSTEM SWITCHES
Describe the function and operation of the various switches used with the
system
D. PILOT'S DISPLAY
Describe the pilot's display (i.e., CDI, HSI, RMI, OBS).
FAA APPROVED
DATE: Page 5
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INSTALLATION CENTER/FAA REPAIR STATION #
123 Fourth Street
Any-to-m USA

FAA APPROVED ATRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-CNAVIGATION SYSTEM

. Em cop1ror'sDl SPLAY

Descri be the copilot's di splay (i.e., CDI,WI,RMI,OBS).
F. AUTOPILOT OPERATION

Describe the coupling of ILoran-C Steering information to the autopilot.
G. FLIGHT DIRECTOR

Describe the coupling of Loran-C steering information to the flight director.

FAA APPROVED
DATE: Page 6
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INSTALLATION CENTER/FAA REPAIR STATION #
123Fourth Street
Anytown, USA

FAA APPROVED AIRPLANE FLIGHT MANUAL SUPPLEMENT
LORAN-C NAVIGATION SYSTEM

SECTION V

ABNORMAL: PROCEDURES

No change.

SECTION VI

PERFORMANCE

No Change

FAA APPROVED
DATE: Page 7
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APPENDI X 3. SAMPLE DATA seEET TO ATTACH TO FAA FCRM 337.

ATTACH TO FAA FORM 337
ATRPLANE MAKE:

ATRPLANE MODEL:
ATRPIANE SERTAIL NUMBER:
ATRPLANE REGISTRATION NUMBER:
DATE WORK COMPLETED:

Loran-C Navigation )(stem consisting of the fol lowing conponents, was
a

I nstalT edper Install ation Manual Number , Revision

dat ed The install ation conformst 0 AC 43.13-1a and AC 43.13-2A.
ipment Part Number Seri al Number Sof tware Version
Nav Computer XXX—KXK-XKKK YYYY—22 ww
Antenna XK =KK=XXKK YYVy-22 -
Control /Display som-xx—xxxx YYYY-22 ww
etc.

Proper ground operation of the system Was confirned through completion 0f

the system checkout, Section _ —, of the Installation Manual. Tne system Was
found to meet or exceed all spec1f1catlons of this section.

Aflight check was made to insure that the accuracy requirements of AC 20-121a
were net during flight. () YES ( ) NOT APPLICABLE

PLACE LORAN-C ACCURACY DATA | N ATRCRAFT PERMANENT RECORDS (| f appl i cabl e)
WAYPOINT:

Latitude/longitude:

or
St at | ontdentifier/Frequency:

Radial:

Di st ance:
Al titude:

Perpendi cul ar distance to tangent point:

Distance along track from tangent point:




AC 20-121A
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MEASUREDSYSTEM ERROR:

Al ong- Track Error

Crosstrack Error:

ALTOWABLE SYSTEM ERROR FROM AC 20-121A, PARAGRAPH 9:

Along-Track Error

Crosstrack Error
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LORAN-C

Figure 1
This diagram reflects

observed data.
CANADIAN WEST COAST CHAIN

GRI 5990

V4
130°
LEGEND:
TRANSMITTING
CONTROL
@ MONITOR

140° 130° 120°

110°

120° Approximate Limits of Coverage — 1:3 SNR and
% NM Fix Accuracy (95% 2dRMS), Noise 57dB

M WILLIAMS LAKE
X SHOAL COVE

Y GEORGE

Z PORT HARDY
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Figure 2

LORAN-C

SOUTHEAST U.S. CHAIN
GRI 7880

< X

LEGEND:

8 TRANSMITTER
CONTROL

& MONITOR

o

Approximats Limits of Coverage — 1:3 SNR and
% NM Fix Accurscy(95% 2dRMS), Noise 68dB
M MALONE ~

W GRANGEVILLE

X RAYMONDVILLE

Y JUPITER

Z CAROLINA BEACH
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LORAN-C

GRI 8970

100°

—

/

|

N

GREAT LAKES CHAIN

—sld

R T atiVd
AMEANRZBRD 72 =AY
IR\ SO 7 Gty 2

Figure 3

90

T wl 7m /W

\' W
¢\o

i /Xg;)?

I

S — ——‘,

Z

U

g

100° =4 aQ° Approximate Limits of Coverage ~ 1:3 SNR and
% NM Fix Accuracy (5% 2dRMS), Noise 53dB
LEGEND: M DANA
@ TRANSMITTER W MALONE
) CONTROL X SENECA
@& _MONITOR Y BAUDETTE

4
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Figure 4
LORAN-C
U.S. WEST COAST CHAIN
GRI 9940 v 2P e

LEGEND:
TRANSMITTER

© conTROL

@ MONITOR

Approximats Limits of Coveraas ~- 1:3 SNR and
% NM Fix Accuracy (95% 2dRMS), Noiss 58dB

M  FALLON
W GEORGE
X MIDDLETOWN
Y SEARCHLIGHT
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| LORAN-C

NORTHEAST U.S. CHAIN
GRI 9960

90°

Figure 5

JA/?{\/I/ ™ ?

300
A

LEGEND:

@ TRANSMITTING
Q conTROL

@ MONITOR

70°

Approximate Limits of Coverage — 1:3 SNR and
% NM Fix Accuracy {95% 2dRMS). Noise 56dB

M SENECA

W CARIBOU

X NANTUCKET

Y CAROLINA BEACH
Z DANA
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LO RAN_C Figure 6 This diagram reflects
observed data.
GULF OF ALASKA CHAIN
GRI 7960

}50°
LEGEND: Approximate Limits Of Coverage — 1:3 SN{ 4nd
TRANSMITTER % NM Fix Accurscy (95% 2dRMS), Noispg748
© controL M TOK
@ MONITOR X NARROW CAPE

Y SHOAL COVE
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| LORAN-C
NORTH PACIAC CHAIN
GRI 9880

50°

Figure 7

\ ~

180°

170°

160° ‘ Approximats Limits Of Coverage — 1:3SNR

: 560 \400 % NM Fix Accuracy (95% 2dRMS), Noise 6748
LEGEND: M ST.PAUL ISL
@ TRANSMITTER X ATTU
CONTROL Y NOME
MONITOR Z NARROW CAPE
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Figure 8

LORAN-C

CENTRAL PACIFAIC CHAIN
GRI 4990

180° 170° 160°
+ 30°
X
20°
10°
Approximate Limits of Coverage —1:3 SNR and
LEGEND: % NM Fix Accuracy (95% 2dRMS), Noise 45dB
©® TRANSMITTING M USHNETON 1S,
© conTrOL X UPOLUPT.
& MONITOR Y KUREIS.
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LOR AN'C Figure 9 ]
NORTHWEST PACIFIC CHAIN
GRI 9970

120° i{\ 1500 180°
X ’'4 g
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30° 4
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N o

<
L./

a
cb"<

LEGEND:

@ MONITOR

® TRANSMITTING
© CONTROL _

@
1

A J
.

 Approximate Limits of Coverage ---1:3 SNR angd

"% NM Fix Accuracy (95% 2dRMIS), Noise 46dB

M IWO JIMA
W MARCUS IS.
X HOKKAIDO
Y GESASHI

Z YAP IS.

10
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LORAN-C e -
EASTERN U.S.S.R. CHAIN
GRIi 7950
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[

USSR SEA | KAMCHATKA
OF
OKHOTSK -
0"
/|
Y | SAKHALIN
/
A
HOKKAIDO ,/ ‘
130° 40°
LEGEND: M ALEKSANDROV SA
@ TRANSMITTING PETROPAVLO
<& CONTROL USSURIISK
@& MONITOR
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igure 1
LORAN-C e -
EASTERN U.S.S.R. CHAIN
GRIi 7950

-y

[

USSR SEA | KAMCHATKA
OF
OKHOTSK -
0"
/|
Y | SAKHALIN
/
A
HOKKAIDO ,/ ‘
130° 40°
LEGEND: M ALEKSANDROV SA
@ TRANSMITTING PETROPAVLO
<& CONTROL USSURIISK
@& MONITOR

11
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LORAN-C

COMMANDO LION CHAIN 500

GRI 5970

120° 130° 1400
L)
500 gl

X \
Y ll/ 140°
' Approximate Limits of Cove 573 sNR
and % NM Fix Accuracy (95% ZdRMS],"

Noise 46dB

1200
LEGEND: M POHANG
@ TRANSMITTING W HOKKAIDO
O CONTROL 130° X KWANG JU

L_@ MONITOR Y GESASHI
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LORAN-C ="

CANADIAN EAST COAST CHAIN
GRI 5930

LEGEND:
@ TRANSMITTING
O coNTROL
EMONITOR

Approximate limits of Cov

Amns o

M CARIBOU
X NANTUCKET
Y CAPE RACE
Z FOX HARBOUR

erage-—--1:3 SNR and

RAAST. Noise S4B

% NM Fix Accuracy (%% 2dRMS).

14




AC 20-121A

8/24/88
Appendix &4
LORAN-C Figure 14
LABRADOR SEA CHAIN
GRI 7930
r:/ 4 60° £4 § ¥ 3
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LEGEND:
@ TRANSMITTING M FOX HARBOUR

Q CONTROL W CAPE RACE

@ MONI TOR X ANGISSOQ .

40°

—-d’

-

Approximate Limits of Coverage — 1:3 SNR and
% NM Fix Accuracy {95% 2dRMS), Noise 46dB
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LORAN-C s

ICELANDIC CHAIN

A AN

\{

’.

g
—~ - 20°
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- LORAN-C

GRI 7970

NORWEGIAN SEA CHAIN

Figure 16

LEGEND: —_ e M
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© TRANSMITTING X
CONTROL v
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~< Approximate Umiﬁ of Coverage — 1:3 SNR and
X NM Fix Accurscy (85% 2dRMS), Noise 46dB
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Figure 17

LORAN-C

MEDITERRANEANCHAIN
GRI 7990

0 10°

LEGEND: M SELLIA MARINA
TRANSMITTIN

[ G X LAMPEDUSA

() 'CONTROL Y KARGABURUN

@ MONITOR Z ESTARTIT

50°

20°
Approximate Limits of Coverage - 1:3 SNR and
X NM Fix Accuracy (95% 2dRMS), Noise 51dB
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PROPOSED SOUTH CENTRAL U.S. CHAIN
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Figure 19
PROPOSED NORTH CENTRAL U.S. CHAIN
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