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IT. INTRODUCTION

The requairements for the Vortac coverage have heen
thoroughly investigated, both theoretically and experimentally.
However, the requirements for coverage from a DMET facilaity
have not been as well documented. The purpose of fhis 1nves-
tzgation has been to explore the theoretical coverage of pro-
posed low-power DMET (1 kw) facilities and to compare these

coverages with those of other systems

A distance-only facility has a number of advantages
in obtaining coverage over one supplying bearing. 7To cotaln
accurate bearing modulation of the antenna pattern over a
large vertical angle, strict requirements are placed on the
antenna design; these tend to widen the vertical pattern of
the antenna and thereby reduce the gain. In addition, to
reduce bearing errors from ground reflections, the radiation
on the horizon has been reduced by tilting the peak of the
beam upward as much as & degrees (resulting i1n a loss of 1 to
2 db cn the horizon) Figure 1 shows taat more than half of
the space volume of interest i1s contained between the radzio
aorizon and an elevation angle of 3 degrees. Ancther facter
favoring greater coverage from a DMET 1s the lack of a requlre-
rent for bearing modulatlon of the antenna pattern. (See das-

cussion on gpecification of sensitaivity, page 5.)

The method of presentation 1s similar to that used
by National Bureau of Standards (NBS) (reference 1). TFaig-
ure 1 shows a set of confours of fransnissicn loss, including
the effect of the ground antenna The other system factors
are then algebrailcally summed: transmitter power, ftransmigsion
line losses, and the receiver sgensitivity. This summat.cn L8
the maximum allowable transmission loss Entering this value



in the transwisgssion loss curve gives the maximum range cof tThe
systen as a function of altitude Tables I and Il compare a
nurver of comk _nations of egquipments. Two sets of range cori-
parisons are rade: one at an altitude of 40,000 feet and tae
other at 15,000 feet. The upper altitude permiis comparisons
within she radio horizon to the limits of the specif-ed Vor-
tac range (200 nautical miles) The lower altitude permits

comparisons w_t1in the required limzts {100 nauvical milesg)

of <he gimplif_ed airborne eguiprient

Tn atierpring range comparzsons with otner pulse
Type systems, sucn as the ATC beacon cor the c¢ld IME, 1t was
found that the test conditicns would nct permit valid cor-
rarisons Flignt Zests were usvally performed at low alti-
tudes (below 20,000 feet), and the limiting range was often
line-of-saight Examination of Figure 1 shcews that in the
region of the radio norizon a difference cof system perforr-
ance of many decibels will result in a range difference of
cnly a few miles. Furthermcre, the propagation curves shown
in Figure 1 are based on what can bte considered a bad site
(con51der1ng that tThe navigaticn syster must be reliable on
a large rajorlty of potential sites) The 9§—percent rall-
able range derived in Tables I and II, therefore, will ne
conservative compared with flight-test results on averages

S1Tes

IT. PROPAGATION LOS3

Antennas <hat radiate apprecaable energy at angles
below the radio horizon are subject to considerabvle reduction
of relaiavle range within the radio heorizon bhecause of inter-
Tference effects between the direct ray and the ground-refllectead
ray. Where the earth 18 relatively sreooth, the positions and



amplitude of the lobes can be predicted However, for the
general case, 1T 15 necessary to calculate coverage on a
probability baslis. Since the coverage of the navigation

a1d 15 defined as the space volume where a reliability of

95 percent or petter 1s achieved, the propagation curves

1n this report are calculated on a hasis of the transmission
loss being equal to or less than the glven value 95 percent

o the tinme

The curves 1in Figure 1 are calculated by two
means~-each giving tne least favorable case. The portion of
the curve for each loss contour lying parallel to the radio
horizon 1s calculated on a basis of specular reflection
(180-degree phase reversal at ground, reflective coefficient
limited to a maximum of O 7). A 5 T-do standard deviation
of loss abecut the calculated value 15 also assumed, this
results 1in a 9-db wnereage of losg for Sh-percent probability.
This value i1is paged on measurerents made by NBS at VHF and UHF
near the radic horizon (reference 2) The upper portion of
egch curve 18 based on the addition of a constant direct ray
and a reflected ray with random pnase This 1ncludes effects
of nulls or scalloping in the vertical radiation pattern.
These valuses of transmission loseg are conslderaonly greafter
tnan these usually predacted using median values (50 percent)

or free gpace loss.

The curves of PFaigure 1 are calculated, using the
antenna pattern of Figure 2, at a height of 285 feet and a
fregquency of 1000 Mc. In this repcort, to compare systems
with different antenna patterns, ground antenna gains are
referred to the FAA specified anfenna gain, eacn at the
horizon so that range compariscns can ve made on the chart
computed for the FAA antenna. This cowparison is not strictly
valid, but 1t will give reasonable comparisons without actuzal

calculation of the propagation curves for each antenna.



In this report, airborne antenna gains are assumed
to be zero db relative to the gain of an i1sotropic antenna.
This assumption is based on measured radiation patterns of
airtorne antennas at 1000 Mc, which are extremely complex
with lobes and nulls having only a few degrees of separation.
The memory feature of DVET, combined witn the aspect 1nsta-
bility (in terms of a few degrees) of the aircraft, results
1n an effective anvenna gain greater than that cbtained by
pattern integrartion Tne assurption of an i1scotropic gain 1s

a consesrvative estimate of this effect

ITT EQUIPMENT CHARACTERISTICS

The transnitter power listed in Table I for Vortac
and the FAA 1nstallations of the GREN-9 18 the ovtput of the
Jeacon cablinet An addaitional loss of 1 3 db 18 included for
th.e transmission lines and the TMC unit. The URN-3 1installa-
tzon includes a typical transmission line loss of 4 db The
listing for the proposed DMET -s the power delivered to the

dantenna

-

The antenna gain listed 1n Takble I 18 Zne gain at
the hor.zon relative to the gain of a Vortac antennra

The characteristics assumed for the airiborne eguip-

rent are, in general, guided by "ARINC Characterist-c Ne 5215."
Two receiver characteristics were assumed, 116 dbw for a high-
perforrarce airborne equipment and 106 dbw for a sirplified
equipment The transmitter power output 18 minimum for stand-
ard conditions (800 watts peax) for tae nigh-performance eguip-
mnent For the samplified eguipmnent an oubtput of 50 walts peak
is assumed Two valves of the transrission cable loss were
assumed; the 5-db value represents a maximum expezrted caole

run of 50 to 60 feet, and the 2-db value represents a good



Installataion For the simplified equipment, caocle runsg 1n
excess of 25 feet are not expected, and a cable lcoss of 2 db

was used 1n all comparisons i1n Tables I and IT.

ARINC Characteristic No 521B specifies tne airborne
recelver sengltaivity for the distance measuring function only
When bearaing modulation i1s present on the ground transmitted
s1gnal (Vortac), the difference between the interrogation rate
of the airborne eguiprent and tne rovation rate of the ground
modulation pattern 1s such that the l-kelihood of a series of
interrogations occurring during the minirnwuur of the antenna
pattern 1s very 1ow This factor, combined with the menory
feasure of the disftance function i1n the airkorne receiver,
results 1n a higher effective sensitivity for distance measure-
ment than for bearing meastrement When an aircraft is due
west of a Vortac station, indicated bearing 90 degrees, tTne
transmission of the north reference coincides with the mini-
rnum of the rotating bearing modulation pattern For a total
modulation of 50 percent, the minlmum amplitude of the antenna
pattern 2s 6 do below tne average amplitude. Based on these
relacions, the effective receliver sensitivity assumed for the
bearing funetion in Table I 18 6 db less than that for DVE

only

Iv. CONCLUSION

Examination of Tables T and IT indicate that &
low-powered DMET can provide adeguate service with either

the high performance or the simplified airborne eguipment.
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TABLE I
REFIY LIMK ZOMPAFISCNE

Jaxi-um Rage
Al lowsble {a- perzers Probabllils,)
Tramne -
Groard wmquipmert A_rborre Equlpmert missior Loss 40,000 ft 15,000 't
Antenma Travis-
Gain Secel er r.selon
System ard Antenna Qver 2ens_— Tire VE IME Cnly Bear_ng OME Onoy
Pezs Trans- Towe™ Vortae tvicy Loss Orly Bearing* (nautilezl {rast_za_ [nac-ical
~ tter Fower (dkw) (dn) {dbw) {ck) {ab) (db) niie } mlles ) m lew)
Jortace 42 4 0 -1_€ 5 153 % 147 = =200 =200 =140 O
instellation 2 4 o -1_% 2 156 % 150 = =200 =20C =140 O
22 5 kw u2 4 0 -10¢ 2 146 1 140 = =200 140 177 5
FA4 GRN-9 375 -15 -1.& 5 147 0 141 0 =200 145 12k Q
inztallation 275 -1 5 -1.¢ 2 150 O 144 ¢ =200 18 =143 O
735 kv 37 5 -1 5 -10& 2 10 ¢ 13- 0 137 5C 125
UPN-2 s_rgle 230 0 - -116 5 144 4 138 4 _g8 125 135 0
rilitar, 23 0 0= -1186 2 hy 4 14y 4 =200 155 134 0
instella-ion 230 el -106 2 137 4 131 4 115 RO 02 0
5 0 Wom
DIET #1thr 4a 4 +4 0 -116 5 157 = — =200 - =140 0
DTE antenra he 4 +4 0 -116 2 160 & — =200 - =14 0
23 3 4z 4 +4 0 -106 2 150 4 — =200 — =140 0
DAET vith 300 + Q -116 5 &5 € — =200 — 137 0
DTE antenia 300 +hoo -116 2 1.8 0 — =203 — 1390
10 kw 300 +4 0 =106 2 380 - 120 — a7 0
LVET with 30 0 + 0 -116 5 47 Q — =200 — 135 C
12 1 db 30 C +£ O -116 2 150 0 — =200 —_ =140 G
anterra 300 +H O =106 2 140 0 - 137 —_ 112 &
10

* 4 lowl g 6-db bearlrg -~odulat_or loss



TASLE IT
CNTERRZGATION LINK COPARISONS

Ra-ige
{95 percent
fircorne Equiprmert Sround Egu_pment Swokani_Lzy)
Antenra Max.mar
o =tar Transg - Gain Lllowanle
anc Feal Trand- Antera migslon Lfifectlve Recel sr FRelatl.e Tranz- +0,00C £t 15,0C0 f=
Airtorae mlfser Geln O er  LDine Rad.atec Ree_ - 4 ~_SB_Or [nat.- I nau-
Craniri-ter Power Igot~an_o o053 roer Livit, Vortac T.osa tizal t cel
Sower {chv) {ab) {dh) {dow) {dbw) 1ax) fdb) miles) -, leas)
» 25 o] o 24 -123 7 0 147 7 =200 159
23 Q 2 27 =123 7 0 150 7 =200 =140
E 23 0 5 24 -123 7 +5 153 7 =200 =143
5 o] 2 27 -123 7 +5 153 7 =200 =143
c 1r 0 2 15 -123 7 0 138 7 125 103
D ~f 0 2 15 -_23 7 +6 lud T =200 135
& = aign-performance airtcrne equipreal witk Vortac ground arserna, G0C W
B = High-peiformance alrkorve eguip~ent withk 12 l-db ground antenna, 800 w
0 = 3implified aircorme squip-ert wilih Jortac ground anserna, 50 W
s = 3implified alrverne equipzeri with 12 1l-db gro.rd antenna, 30 w
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FIGURE 2 FAA SPECIFIED GAIN FOR VORTAC ANTENNA



