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AIRBORNE ANTENNA COVERAGE REQUIREMENTS FOR THE TCV B-737 AIRCRAFT

S urirl i ry

A study was conducted to de*.ermi ►re Lire airborne antenna line of sight

look angle requiremeni. for operation with a Microwave Landing System (MLS).

This •eport presents the required azimuth and ele vation line of sight look

angles from an antenna located on an aircraft to three ground based antenna

sites at the Wallops Flight Center (FPS-16 radar, MLS azimuth, and MLS

elevation) as the aircraft follows specific approach paths selected as

representative of MLS operations at the Denver, Colorado, terminal area.

These required azimuth and elevation look angles may be interpreted as basic

design requirements for , antennae of the TCV 6-737 airplane for MLS operations

along these selected approach paths.

Introduction

Two areas of investigation included in the Terminal Configured Vehicle

( T CV) program are Microwave Landing System (MLS) utilization and the Cockpit

Oispiny of Traf f ic Information (CDTI). The required facilities for these

tasks, both airborne and ground hased are located at Lanqlev Research Center

(LRC) and Wallops Flight Center (w). Landing guidance information will be

*ransmitted to the aircraft from either an MLS (when available at WFC) or

from a simulated MLS using the WFC FPS-16 Radar/Transponder Data System. For•

the COTT case, an S-band vAeo link has been implemented. The S-band transmit

antenna i5 mounted on the FPS-16 pedestal. This report presents the azimuth

and elevation look angles from the aircraft to the ground antenna sites for

four flight p rofiles. The four terminal area flight profiles considered
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are those proposed by the FAA for the De ►!iver, Colorado, terminal area for

MLS operation studies. The Denver terminal area is shown in figure 1 with the

four paths labeled profile 1, 2, 3, 4.

Description of Computer Program

A computer program was written in Basic for a Hewlett-Packard 2116

computer. See appendix A for tha program listing. The computer program input

parameters are:

1- distance between waypoints

2- aircraft heading, airspeed, and altitude at each waypoint

3- aircraft bank angle limit

4- turn radius

5- MLS coverage boundary

6- number of points to be investigated along each flight path segment

The program output parameters are:

1- x (runway center line), y (perpendicular to runway centerline) and

flat earth z (local vertical) coordinate values for n (number of)

aircraft pL,:itions along each flight path segment (refer to figure I)

2- azimuth (beta) and elevation (alpha) look angles from the aircraft

to either of three ground antenna sites for each x, y, z position

3- azimuth and elevation look angles from each ground antenna to aircraft

at each x, y, z position

4- glideslope required to achieve the next waypoint altitude

5- slant range between aircraft and each ground antenna site

6- transmission loss for each slant range of item 5

7- statement as to whether aircraft is or is not within MLS coverage zone

8- bank angle

2

ORIGINAL r
OF POOR QVZ

f

are those proposed by the AA for the De~ver , Colorado, terminal area for 

MLS operation st dies. Th . Denver ermina1 area is shown in figure 1 with the 

four paths labeled profile 1, 2, 3, 4. 

Description of Computer Program 

A computer program was written 'n Basic for a Hewlett-Packard 2116 

computer. See appendix A for h~ orogram listing. The computer progrdm input 

parameters are: 

1- distance between waypoints 

2- aircraft heading, airspeed, and altitude at each waypoint 

3- aircraft bank angle limit 

4- turn radius 

5- MLS coverage boundary 

6- number of points to be investigated along each flight path segment 

The program output parameters are: 

1- x (runway center line), y (perpendicular to runway centerline) and 

flat earth z (local vertical) coordinate values for n (number of) 

aircraft p~:itions along each flight path segment (refer to figure 1) 

2- azimuth (beta) and elevation (alpha) look angles from the aircraft 

to either of three ground antenna sites for each x, y, z position 

3- azimuth and elevation look angles from each ground antenna to aircraft 

at each x, y, z position 

4- glides10pe rpquired to achieve the next waypoint altitude 

5- slant range between aircraft and each ground antenna site 

6- transmis sion loss for each slant range of item 5 

7- statp.ment as to whether aircraft ;5 or is not within MLS coverage zone 

8- bank angle 

2 



9- aircraft groundspeed

10- distance to go to touchdown along the flight path

11- aircraft heading

The program pe r forms any orie of three operations as per the setting of

three control words J4, J7, J8. Control word J4 sets the program for calcula-

tion and storage of the look angles to the MLS antenna sites and aircraft, x, y

position or calculation and storage of the look angles to the FPS-16 radar site.

Control word V determines whether the program will score the flight oath data

or the l ook angles to the MLS. Control word J8 determines whether the program

will print all data and store the look anqles or only store. For the FPS-16

radar case, the operator must input the x, y (J5, J6) location of the radar

relative to the touchdown point. For, the MLS case, the azimuth antenna is

sited 9,000 ft beyond the touchdown point on the runway centerline and the

elevation antenna is sited adjacent to the touchdown point, 300 ft to the right

of the runway centerline. The origir of the coordinate system is located at

the touchdown point which is on the runway centerline 1,000 ft beyond threshold.

Figure 2 gives the 4.FC runway and antenna geometry. Beginning at the outermost

waypoint the aircraft proceeds to the next waypoint in n steps. This process

continues from waypoint to waypoint until the first turn is reached. At this

time the aircraft stops, as:,umes the designated hank angle in n steps, then

continues around the turn in n steps. Upon completing the turn, the aircraft

again stops and returns to wings level in n steps continuing on in a like

manner to the touchdown point. The output parameters are computed at each of

the n steps of each segment of the path.
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Results

The results are presented in four data sets, one set for each of the four

approach profiles investigated. In each case, the active runway at WFC is 04

as shown in the first figure of each set. Table 1 gives the parameters of each

flight profile. The next three figures in each set are plots of the look

angles. Negative azimuth angles are to tl'le left of the aircraft longitudinal

axis and negative elevation angles are below the aircraft lateral axis. For

profile 1 (figure 3), the look angle to the MLS azimuth antenna (figure 3a)

varied from 30 to -1670 in azimuth and 25 0 to -360 in elevation. The look

angle to the MLS El-1 antenna (figure 3b) varied from 90° to -165° in azimuth

and 240 to -360 in elevation. The look angle to the FPS-16 radar (figure 3c)

varied from -1° to -167° in azimuth and 24° to -37 0 in elevation. For profile

2 (figure 4) the look angle to the MLS azimuth antenna (figure 4--) varied from

14
0
 to -1670 in azimuth and 24° to -31 0 in elevation. The look angle to the

MLS El-1 antenna (figure 4b) varied from 17 0 to -161 0 in azimuth and 24 0 to

-28° in elevation. The look angle to the FPS-16 radar (figure 4c) varied

from 170 to -1671 in azimuth and 24
0
 to -290 in elevation. Profiles 3 and 4

(figures 5, a, b, c, and 6 a, b, c) are very similar with the azimuth angle

varying from -20
0
 to 160

0
 and the elevation angle varying from 25

0
 to -35

0
 .

For the other WFC runways, the look angles to the MLS antenna are identical

to those of 04 and only slightly different for the FPS-16 radar.

Concluding Remarks

The antenna coverage requirements based on four specific flight profiles

have been determined. The antenna has been designed as per these requirements

and found, due to hardware location cc)nstraints, to have considerably less
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elevdtion coverage than the required -350

It is recommended. therefore, that the de

ments be made to the flight profiles such

occurs outside of the MLS coverage zone.

be detrimental to the planned research in

in the turn to the downwind leg.

sign be implemented as is and adjust-

that the turn to the downwind leg

This change in the profile will not

MLS utilization or CDTI.
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Table 1

Profile 1 Profile 2 Profile 3 Profile 4

H	 1 degrees 40 40 40 40

H 2 degrees 40 40 40 40

H 3 degrees 130 130 310 310

H 4 deqrees 22.0 220 220 220

H 5 degrees 133 182 263 309

S	 1 nm 5 5 5 5

S 2 nm 7 7 7 7

S 3 nm 2 2 4 4

S 4 nm 6.5 19.5 7 7

S 5 nm 25 14 26 19

S 6 nm 16 23 18 19.5

Altitude ft/groundspeed knots

at	 PT	 1 1750/130 1750/130 1750/130 1750/130

at PT 2 2750/160 2750/160 2750/160 2750/160

at PT 3 2750/160 2750/160 2750/160 2750/160

at PT 4 2750/180 2750/180 2750/180 2750/180

at PT 5 2750/180 2750/180 2750/180 2750/180

at PT 6 3750/200 6750/250 3750/200 3750/200

at PT 7 3750/200 675C/250 37501200 3750/200

at PT 8 7750/250 8750/250 6750/250 6750/250

at PT 9 12750/350 12750/350 12750/350 12750/350

H is aircraft heading in degrees

S is length of flight path segment in nautical miles
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