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HONEYWELL FLIGHT MANAGEMENT SYSTEM (FMS) 

LATERAL NAVIGATION (LNA V) INVESTIGATION 


1.0 INTRODUCTION, Approximately 20% of major air carriers' aircraft are equipped with 
Flight Management Systems (FMS), a figure that is expected to reach 50% by 1995. FMSs are 
microprocessor based and provide, among other capabilities, area navigation with both lateral 
(LNAV) and vertical (VNA V) modes. Various sensors such as DME/DME, VOR, INS and 
potentially GPS are used as navigational inputs to the FMS. These inputs along with internal 
flight path computation algorithms and an extensive database containing pre-loaded departures, 
arrivals, approaches and fixes allow the FMS to navigate the aircraft over the desired route. In 
order to allow operators to take full advantage of it's capabilities, PMS-specific instrument 
procedures criteria must be developed. PMS-specific criteria can only be developed after a 
thorough understanding of the various PMS modes. This report presents the results of an 
investigation into the lateral navigation capability of the Honeywell Transport Category FMS. 

1.1 OBJECTIVE. The objective of this investigation was to gather data on the Honeywell 
FMS LNA V mode in support of PMS-specific Terminal Instrument Procedures (fERPS) 
criteria development. 

2.0 TEST WCATION. The test was conducted in Phoenix, AZ on Jun 25-26: 1992 at the 
Honeywell Commerical Flight Systems Group building. 

3.0 !EST DESCRIPI10N. 

3.1 TEST EQUIPMENT, The test was conducted using Honeywell B747-400, MDll and 
A320 engineering validation facilities (simulators). The simulators are termed engineering 
because they were not equipped with normal pilot training features such as a visual system or 
motion base. The simulators are used by Honeywell technical personnel for system 
development/integration and software testing. However, each simulator did con~ a FMS 
hardware and software suite representative of that in the actual aircraft. The fidelity of the 
MD11 simulator was the highest in that it also contained the actual aircraft autopilot. 

3.2 METIIOD. Each PMS/simulator was programmed to fly the spirals found in Appendix 1. 
The spirals have constant angular course changes (30°, 60°, 90° and 120°, respectively) 
between segments. The initial segment length is 10 nm for the 30°, 60° and 90° spirals and 12 
nm for the 120° spiral. Each subsequent segment is 1/2 nm shorter. AVN-540 provided a 
listing of the spiral waypoints in latitude and longitude and Honeywell loaded these waypoints 
into the respective FMS databases. The simulators flew the spirals until the PMS produced a 
discontinuity. The segment length at which a discontinuity occured serves as an indicator of the 
minimum leg length for that ground speed and angular course change. 

As the PMS-computed flight paths are ground speed dependent, the spirals were flown at a 
"worst case" condition of 10,000' MSL with standard temperature and pressure. The 
simulators were flown at the following airspeeds; 213 KIAS, 253 KIAS, 272 KIAS and 303 
KIAS. These speeds correspond to indicated airspeeds of 160, 200, 220 and 250· knots at 
10,000' MSL with a constant 60 knot tailwind applied. Each airspeed profile was flown twice, 
once with fly-by waypoints and once with fly-over waypoints. Table 1 contains the scenario 
matrix. Autopilot and autothrottles were used to maintain altitude, airspeed and flight track. 



Table 1 - Scenario.Matrix 

Soiral # 160 KIAS 200 KIAS 220 KIAS 250 KIAS 
1 (flv-bv) 
1 (fly-over) 

1 
5 

2 
6 

3 .·.7 
4
8 

2 (fly-by) 
. 

9 10 '11 12 
2 (fly-over) 13 14 15 I '• 16 .,

, 

.. 
J

3 (fly-by) ' 
. 17 • 18 ri• 19 ,, 20 

3 (fly-over) 21 22 23 . 24 
4 (fly-by) 25 26 27 28 

e 
e 

4 (flv-over) 29 30 31 32 

' l 
3.3 TE.'rr PERSONNEL. AVN-540 provided a pilot to observe the test and complete th
logsheet..(Appendix 2) for each run. Honeywell provided engineering personnel to operate th
simulators and . conduct the test. . 
3.4 DATA COLLECTION. Each simulator was equipped with a data collection system which 
recorded a slightly different set,of parameters. Data parameters were recorded at a 2 Hz rate 
and are shown in Table 2. 

'I ,. , *' .J .;. ... t .~ ~ : ... :.. .. '

Table 2 - Data Parameters 
" 

PARAMETER B747 . MDll A320
local time X X X 

roll 11 X X X 
nositiort Oat/lon2) X X X 

airsoeed X X X 
a · 

altitude ' 
I • X X X,

cross track error i X X ' X 
desired track X X X 

fish dis'continuitv X X 
ATD to next wavot X X X 
next wavot oo'sition X X 

roll command X 
le2 sel!Illent X 

track ane:le error X X 
active 'wavot ID X 

 

'

' 

' . 
' 

j 
' . 

I I 

3.5 TFSI' CRITERIA, As stated earlier, the simulators were to fly each spiral until the FMS 
produced a discontinuity. 'J1le ,SP,iral segment at which the discontinuity occured was recorded 
for use in determining the ID;inimum leg length. Toe next two sections describe what constitutes 
a discontinuity in both the fly-by and fly-over waypoint modes. 

I 

3.5.1 FLY-BY WAYPOINT DISCONTINUITY, The following criteria were used to 
determine a fly-by waypoint discontinuity; 
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a. the simulator was unable to maintain the commanded flight path within a cross track 
error of 0.1 DID. That is, the radius of tum as computed by the PMS exceeded the tum 
capability of the flight control system as evidenced by a cross track error greater than 0.1 DID. 

b. a "fish" discontinuity occured. 

The length of the first spiral segment where either discontinuity condition a. or b. occured was 
" 	 considered .the minimum leg length for that scenario. While condition a. is self-explanatory, 

Figures 1, 2 and 3 serve to illustrate PMS operations leading to a fish discontinuity. 

CASE~ - NORMAL FMS OPERATION. Figure 1 shows a PMS map display with four 
fly-by waypoints (A, B, C and D) and three RNA V leg segments (AB, BC and CD). Since all 
waypoints are fly-by, the PMS will use tunt anticipation to transition to the next leg. Tl and 
T2 represent the PMS computed transitions for legs AB·-BC and BC-CD, respectively, and 
vary· according to aircraft gJ"OUDd speed and angular course change. Also shown are roll 
anticipation distances (RAD) RADl and RAD3. RAD is.a PMS computed value and is the 
distance the aircraft takes to "roll up" to the bank angle required for the tum. Tl does not start 
until RAD 1 is complete and the aircraft is at the computed bank angle. RAD2 and RAD4 are 
actually roll out distances and are shown only to illustrative the finite distance required for a 
transport category· aircraft to roll out of a tum. In Figure 1, the length of segment BC is 
sufficient to allow Tl including RAD2 to complete before RAD3 and T2 begin. 

Direction of Flight 

n 

RADl 	 RAD4 

A 

Figure 1. FMS Operation - Case 1 
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CASE 2 - CONTINUOUS TURN. 
In Figure 2, the length of segment 
BC has been decreased until the end DiredioD or Flight 
of Tl and the beginning of T2 are the 
same point. In ~is. case, RADs are 
not needed between Tl and T2 
because the aircraft is already in a 
bank from Tl and T2 requires a tum 
in the same direction. This situation 
will result m a continuous tum from 
leg AB to CD. = 

CASE 3 - FISH DISCONTINUITY. 
In Figure 3, the length of segment 
BC has been further decreased until 
Tl cannot be completed before T2 
starts. In die exaggerated case shown 
here, Tl and T2 overlap in such a 

A D way as to give the appearance of a 

fish tail, hence the name fish 


. discontinuity. In less extreme cases; 

. the transition overlap will not be as 

2Fi&ure 2. FMS 9(,entioo • Case pronounced as in Figure 3, but a fish 
discontinuity wi still be readily seen on the FMS map display by a double line· where the 
transitions overlap. 

B 

.... . 
RADl RAD4 

• >- .... 

A D 

F"1gure 3. FMS Operation - Case 3 
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, 3.5.2 FLY-OVER WAVPOINT 
', 1 DISCONTINUITY, During the 

Jl pre-test meeting, it was agreed by 
FAA and Honeywell personnel that a 
fly-over waypoint discontinuity would 
occur anytime the simulator could not 
return to within 0. 1 run. cross-track 
error of the present leg before starting 0.1 NM 
the next leg. Figure 4 illustrates a 

· fly-over waypoint discontinuity. 
( ~ . 

4.0 ANALYSIS OF RESULTs. 

4.1 FLY-BY WAVPOINTS. Table 3 
shows' the minimum leg lengths for 
the simulator scenarios with fly-by

A 	 D 
waypoints. The values represent the 
first spiral leg where a discontinuity 
as described in paragraph 3.5.1 was 
observed. Trouble encountered with 
the B747 data coJlection system 
prevented all scenarios from being 

Figure 4. FMS Operation· Fly-o-ver waypoint completed. Plots of the· fly-by 
waypoint runs are found in Appendix 3. (Only the higher order 16 bits of the B747 PMS 
position was recorded, resulting in "stair step" plots..) 

. 

I , ; 

..; 
JI 

Table3 
Minimum Observed Leg Length (nm) 

FIJ-by Waypoints. 

FMS TYPE 	 COURSE CHANGE 160 KIAS 200 KIAS 220 KIAS 250 KIAS 
B747 	
B747 

30° 
600

1.5 
2.0 	

3.0 
4.5 

B747 90° 4.0 	 8.0 

I B747 . 	

A320 	
A320 	

120° 
30° 
600 

6.5 
1.5 
2.0 

' 	
'· .

" 
( 

3.0 
1.5 
3.0 

11.5
2.0 
4.5 

A320 90° 3.5 5.0 6.0 7.5 

A320 120° 6.0 9.0 10.5 11.5 

MD11 	
MDll 	

30° 
600

1.5 
2.0 

1.5 
3.0 

2.0 
3.5 

2.5 
4.5 

MD11 90° 4.0 5.5 6.0 7.5 

MD11 120° 6.5 9.0 10.5 11.5 
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4.2 FLY-OVER WAYPOINTS. Table 4 shows the minimum leg lengths for the simulator 
scenarios with fly-over waypoints. The values represent the first spiral legs where a 
discontinuity as described in paragraph 3.5.2 was observed. A shonage of time prevented all 
scenarios from being completed. 

:. 

.. 
Table 4 

Minimum Observed Leg Length (nm) 
.Fly-over Waypoints 

. FMSTYPE COURSE CHANGE 160 KIAS ' 200 KIAS 220-KIAS 250 KIAS 
B747 JOC! 4.0 ,, 7.0 
B747 600 6.0 

. 

.. > 10.0 
B747 
B747 

90° 
. 120° . 6.0 

7.0 
8.5 ; 

" 

1'1.0 
>10.0 
> 12.0 

A320 30~: 5.5 i, 8.5 
A320 601! 7.0 ,j,. >10.0 
A320 90~, 7.0 > :10.0 >10.0 
A320 · 120~ 7.5 11.5 1:1.5 > 12.0 
MD11 30~ 4.5 . 8.0 
MD11 . 6011 i 'I ' 6.5 .•. ' >10.0 
MD11 ' 90'!' 7.0 '9.5 .; l , :1. r > 10.0 
MD11 · 120?. ,, 7.0 ' T . ltl.5 , > 12.0 . 

The values shown in Ta~le 4 are larger than had been expected and, in many cases, are greater 
than the longest leg of 'tJte respective spiral. This is because of the-.way Honeywell chose to 
implement course capture after a fly-over waypoint. Figure 5 demonstrates this method. As 
shown in Figure 5, the -f MS commands an initial tum until approximately a 45° intercept to 
the desired course is reached. At some point, shown as A, the FMS begins to lessen the 
intercept and a very shallow intercept results. This method makes for smaller bank angles, 
providing greater p_asseqger comfort. However, from a airspace managem~nt viewpoint, it also 
lengthens the distance for course capture. Plots of the fly-over waypoint runs are in Appendix 
4. (Only the higher order 16 bits of the B747 FMS position was recorded, resulting in "stair 
step" plots.) ~: ~ 1 _ , 

Additional information gonceming fly-over waypoints is found in Appendix 5. Found here are 
tabulated values for air qistance to next waypoint, cross track error, frack angle error and bank 
angle for entire segments. of various B747 fly-over waypoint scenarios. 

~ 

; 
J 

S.O OBSERVATIONS AND CONCLUSIONS. 
a. The FMS-co.mputed flight tracks observed during this test are ground speed. . 

dependent. A particular·~ NAV segment which can be readily flown at a certain ground speed 
may not be flyable' at a :higher ground speed. For example, at 160 KIAS the A320 simulator 
flew the 90° fly-over spiral to a leg length of 7 nm; however, at 220 KIAS no leg of the spiral

4 
could be flown successfully. . 

b. FMSs can be programmed with routes beyond the aircraft's ability to fly. These 
routes can cause FMS d!scontinuities as described in this report. 
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c. Prior to this test, A VN-540 perfonned a mathematical aoalysis to theoretically 
predict minimum leg lengths for fly-by and fly-over waypoints. In comparing actual versus 
theoretical results, LNA V perfonnance in flying a series of fly-by waypoints was as predicted. 
However, LNAV perfonnance in flying a series of fly-over waypoints was not as predicated. 
Minimum leg lengths observed during the test were approximately 2 nm. longer than 
anticipated. This was due to the method Honeywell uses for course capture after a fly-over 
waypoint. 

d. On many occasions during this test, the FMS/flight control system was presented 
with a flight path beyond its capability to fly. ~n _each case, the system still attempted to fly the 
path using a bank limit of approximately 25° and with an increasing cross track error. 

e. Until a "true track over the ground" capability is available in FMSs, any FMS 
instrument procedure criteria must account for the speed variability of the flight tracks, either 
through speed specific criteria (eg, a computer program which accepts a target indicated 
airspeed and a maximum altitude and returns leg lengths and turn radii) or using a worst case 
ground speed as was done in this test. ·: 

f. The results reponed herein have been incorporated into FAA Order 8260.YY, Flight 
Management System (FMS) Procedures. 

"' 

~

_l 

 ­

.- .:-. 

_J 
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FMS SPIRAL 3 - FLY OVER WAYPOINTS 

· (MD11. -160- KIAS , AT--10. 000' + 60 KNOT HIND) ­

,:.:.. .. ; 
·, 

~· 
.... 

...,. 

,  .. 
1 NM 

1 

,.,. 

'  

... 
I fl• 

' • 

10 NM ~. 

Figure 5. FMS Operation - Fly-over Waypoint 


I ( 

, .

r ·
: t

I 

··' 
-; 

~ 
 "' 

,• 

.., 

~1 

' 

. 
., 

;.; 

,. 

.,. ::.
1 : 

~· 

CX> 



APPENDIX! 


FMS SPIRALS 




FMS SPIRAL- 1 


1 NM 

\~ ____, 

CONDITIONS 
1 . 30 DEGREE COURSE CHANGE 
2 . EACH LEG 1/ 2 NM SHORTER 

THA N PREVIOUS . 

10 NM 



' 

FMS SPIRAL- 2 


I 
I \ 
< 

\ 
1 Nol

I 
CONDITIONS I
1. 60 DEGREE COURSE 

CHANGE. 
2 . EACH LEG 1/2 NM SHORTER 

THAN PREVIOUS. 

10 NM 



; I .. 

FMS SPIRAL- 3 

" - ·--·- ·-·­
1 NM 

L _______. 
L.
I

_________J 

CONDITIONS 
1 . 90 DEGREE COURSE

_J
CHANGE . --~~~~~~~~~~~~~~~~-

2 . EACH LEG 1/2 NM SHORTER 
THAN PREVIOUS . 

10 NM 

' 



.. 
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FMS SPIRAL- 4 


CONDITIONS 
1 . 	 120 DEGREE COURSE 

CHANGE . 
1/)\ 

2 . 	 EACH LEG 1/ 2 NM SHORTER l/1I; 1\ ~\\ 
THAN PREVIOUS. I;;,·/ 

/ 
· / I \ '

I / \ \. \ \ 
I .\ \\ 
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FMS LOGSHEETS 
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APPENDIX3 · 


FMS FLY-BY WAYPOINT PLOTS 
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FMS SPIRAL 1-FLY BY WAYPOINTS 

(A320, 160 KIAS AT 10,000' + 60 KNOT WIND) 
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(A320,220 KIAS AT 10,000' + 60 KNOT WIND) 
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FMS SPIRAL 1-FLY BY WAYPOINTS 

(A320,250 KIAS AT 10.000' + 60 KNOT WIND) 

\ 




FMS SPIRAL 2-FLY BY WAYPOINTS 

(A320. 200 KIAS AT 10.000• + 60 KNOT WINO) 
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FMS SPIRAL 1 - FLY BY WAYPOINTS 
(MD11, 160 KIAS AT 10,000' + 60 KNOT WIND) 
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FMS SPIRAL 1 - FLY BY WAYPOINTS 
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FMS SPIRAL 3 - FLY BY WAYPOINTS
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FMS SPIRAL 4 - FLY BY WAYPOINTS 
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APPENDIX4 


FMS FLY-OVER WAYPOINT PLOTS 
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FMS SPIRAL 1-FLY OVER WAYPOINTS 

(A320, i60 KIAS AT 10,000' + 60 KNOT WIND) 
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APPENDIXS 

FLY-OVER WAYPOINT TABULATED DATA 
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TABLE 1 " 
TABULAR DATA 


SCENARIO 5, 8747, SEGMENT 10 


AIR DISTANCE CROSS TRACK 
 TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) 
 ERROR (DEGS) (DEGS) 

5.19 -0.05 
 -29.50 0.00 
5.00 -0.14 
 -29.65 -0.63 
4 .81 -0.22 
 -29.31 -5.27 
4.63 -0.30 
 -27.44 -12.10 
4.45 -0.38 
 -24.45 -19.20 
4.24 -0.45 
 -19.69 -24.10 
4.06 -0.50 
 -14.38 -24.90 
4.09 -0.54 
 -9.06 -25.04 
3.91 -0.56 
 -3.64 -25.04 
3.76 -0.56 
 1.37 -24.93 
3.58 -0.55 
 6.43 -22.61 
3.42 -0.52 
 10.47 -16.22 
3.27 -0.48 
 13.07 -9.26 
3.11 -0.44 
 14.24 -2.99 
2.98 -0.41 
 14.43 0.47 
2.83 -0.36 
 14.07 3.47 
2.65 -0.32 
 13.02 5.41 
2.49 -0.28 
 12.01 6.11 
2.33 -0.25 
 10.68 6.22 
2.18 -0.22 
 9.57 5.91 
2.01 :.0.19 
 8.48 5.47 
1.85 -0.17 
 7.34 4.97 
1.70 -0.15 
 6.49 4.35 
1.52 -0.14 
 5.59 3.82 
1.38 -0.11 
 4.97 3.25 
1.20 -0.10 
 4.26 2.93 
1.05 -0.09 
 3.80 2.45 
0 .89 -0.08 
 3.30 2.19 
0.73 -0.07 
 2.99 1.97 
0.58 -0.07 
 ·2.57 1.74 
0.41 -0.05 
 2.25 1.32 
0.27 -0.04 
 1.99 1.33 
0.10 -0.04 
 1.76 1.29 

. - ;. 



/ ' 
TABLE 2 

TABULAR DATA 


SCENARIO 13, . 8747, SEGMENT 5 


" 
' 

. . AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ·ERROR (DEGS) (DEGS) 

8.05 -0.18 -60.08 -0.21 
7.86 - -0.33 -59.92 -3.30 

,', 7.67 -0.47 -58.86 -9.80 
I 

I 7.48 -0.59 -56.34 -17.10 
• 7.29 ' -0.71 -52.79 -22.80 

''"• 7.10 -0.84 -48.03 -24.70 
-

6.91 -0.95 -43.23 -25.00 
6.73 -1.06 -38.23 -25.00 
6.59 -1.15 -33.57 -25.00 
6.42 -1.24 -28.26 -25.00 
6.27 -1 .30 -23.56 -25.00 
6.09 -1 .36 -18.25 -25.00 
6.03 -1.40 -14.23 -25.00 
5.84 -1.43 -8.95 -25.03 
5.65 -1 .45 -4.15 -25.03 
5.47 -1.46 0.81 -25.03 
5.30 -1.45 5.44 -25.03 
5.16 -1.42 10.42 -25.03 
5.00 -1.39 14.94 -25.03 
4.84 -1 .34 20.07 -25.03 
4.67 -1.28 25.02 -24.39 
4.55 -1.21 29.10 -20.08 
4 .39 -1.12 32.40 -13.19 
4.27 -1.04 34.15 -5.76 
4.12 -0.95 34.58 1.92 
3.94 -0.85 33.72 8 .58 
3 .81 -0 .77 31.59 13.03 
3 .66 -0.69 29.19 14.97 
3.52 -0.62 26.29, 15.16 
3 .37 -0.55 23.49 14.39 
3 .20 -0.49 20.84 13.29 
3 .03 -0.44 18.56 11.87 
2.87 -0.39 16.51 10.57 
3 .36 -0.35 14.82 9.37 
3 .21 -0.31 13.11 8.27 
3 .05 -0.28 11.85 7.37 
2.91 -0.25 10.52 6.55 
2.76 -0.22 9.49 5.91 
2;62 -0.20 8.53 5.30 
2.48 -0.18 7.60 4.75 
2.32 -0.16 6.87 4 .1 6 

• 

. . . 

. .­



. 

. 2.17 -0.15 6.10 3.75 


2.01 -0.13 5.63 3 .32 
1.85 -0.12 4.82 3.00 
1.70 -0.10 4.57 2.70 I 

1.55 u -0.09 3.85 2.41 
- 1.40 . -0.08 3.82 2.13 

- 1.23 -0.08 3.09 1.91 
-

' , 1.08 -0.07 2.71 1.71 
, 

I 
~ 

0.91 -0.06 2 .52 1.42 
I " 

0.77 -0.06 2.18 1.33 
0 .61 -0.05 2.04 -· 1.14 

' ,, 0.46 -0.05 1.76 1.12 
0.30 -0.04 1.60 0.90 
0 .13 -0 .04 1.37 0.85 

.. 

) 

) 

r 

' 
. f 

.,J . . 

. 
:. . 

"" .. 
,.. 



,, I I I 
' 

TABLE 3 
TABULAR DATA J 

-
j 

SCENARIO 16, 8747, SEGMENT 2 I 

AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ERROR (DEGS) (DEGS) 

10.32 -0.17 -60.21 0.33 
10.12 -0.37 -60.10 -1.42 
9.93 -0.59 -59.51 -7.40 
9.73 -0.79 -57.99 -14.53 
9.54 -1.00 -55.24 -21 .59 
9.34 -1.20 -52.00 -24.58 
9.14 -1 .39 -48.31 -25.02 
8.95 -1.56 -44.57 -25.04 
8.75 -1.74 -40.73 -25.04 
8.55 -1.88 -37.23 -25.03 
8.35 -2.03 -33.27 -25.03 
8.16 -2.15 -29.77 -25.03 
7.96 -2.27 -25.91 -25.03 
7.75 -2.37 -22.27 -25.03 
7 .54 -2.46 -18.43 -25.03 
7 .31 -2.52 -14.90 -25.03 
7.07 -2.59 -11.06 -25.03 
6.82 -2.62 -7.40 -25.03 
6.56 -2.64 -3.55 -25.03 
6.30 -2.65 -0.05 -25.03 
6.09 -2.64 3.91 -25.03 

· 5.85 -2.62 7.43 -25.03 
5.60 -2.58 11.27 -25.03 
5.34 -2.53 14.89 -25.03 
5.08 -2.45 18.72 -25.03 
4.83 -2.37 22.22 -25.03 
4.62 -2.26 25.93 -25.03 
4.38 -2.16 29.55 -24.74 
4.11 -2.03 33.12 -21.36 
3.85 -1.89 35.68 -14.41 
3.59 -1.74 37.32 -7.19 
3.36 -l.59 37.78 0 .35 
3.15 -1.44 37.20 7.84 
2.90 -1.30 35.72 13.97 
2.65 -1.16 33.33 17.25 
2.40 -1.04 30.88 18.65 
2 .15 -0.91 28.06 18.81 
2.03 -0.81 25.46 18.26 
1.79 -0.70 22.79 17.42 
1.54 -0.62 20.51 16.46 
1.30 -0.53 18.10 15.31 

.. 

. - .
J 

 
<

• 



C 

8' ... 

1.05 -0.47 16.09 14.12 
0 .79 -0.39 • 14.14 12.85

! 0.59 -0.34 12.43 11.69 
I 0.29 -0.29 10.86 10.50 

0.15 -0.25 9.45 9.47 
-

... 



-, 

I I 
/ ' ..... 

TABLE 4 

TABULAR DATA 


SCENARIO 21, 8747, SEGMENT 5 


AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ERROR (DEGS) (DEGS) 

9.66 -0.08 -90.09 -0.31 
9.45 -0.26 -89.85 -0.18 
9.25 . -0.43 -89.48 -4.42 
9.05 -0.60 -87.91 -11.20 
8.98 -0.77 -85.01 -18.40 
8.88 -0.95 -80.40 -23.60 
8.79 -1.12 -75.41 -24.90 
8.66 -1.28 -69.97 -25.00 
8.48 -1.44 -64.98 -25.00 

I 8.29 -1.59 -59.51 -25.00 
I 8.09 -L75 -54.07 -25.00 

J 7.93 -1.88 -48.91 -25.00 
7.74 -2.00 -43.47 -25.00 
7.55 -2.12 -38.48 -25.00 

· 7.36 -2.22 -32.85 -25.00 
7.19 -2.31 -27.88 -25.00 
6.99 -2.38 -22.43 -25.00 
6.81 -2.44 -17.45 -25.00 
6 .62 -2.48 -12.00 -25.00 
6.46 -2.51 -6.88 -25.03 
6.26 -2.52 -1.44 -25.03 
6.07 -2.51 3.98 -25.03 
5.89 -2.50 9.11 -25.03 
5.73 -2.46 14.57 -25.03 
5;55 -2.41 19.71 -25.03 
5.38 -2.34 25.21 -25.03 
5.18 -2.26 30.21 -25.00 
5.01 -2.17 35.54 -23.16 
4.84 -2.07 39.72 -17.33 
4.66 · -1.95 · 42.70 -10.92 
4.48 -1.83 44.22 -5.86 
4.34 -1.70 45.08 -2.23 
4.15 -1.57 45.32 -0.23 
3.98 -1.44 45.16 2.25 
3.82 -1.32 44.38 6.33 
3.67 -1.20 42.68 10.46 
3.52 -1.10 40.36 13.22 
3.34 -0.98 37.77 14.90 
3.16 -0.88 34.46 15.58 
3 .01 -0.79 31.48 15.46 
2.83 -0.70 28.21 14.84 

• 

, . 
• • J 



2.66 -0.63 25.45 13.85 
2.50 -0.56 23.06 12.92 
2.30 -0.50 20.64 11 .83 
2.13 -0.44 18.29 10.74 
1.98 -0.40 16.48 9.85 
1.83 -0.35 14.88 8.96 
2.30 -0.32 13.41 8.20 
2.14 -0.28 11 .90 7.46 
2.00 -0.25 10.87 6.86 
1.86 -0.23 9.84 6.30 
1.73 -0.21 8.92 5.79 
1.60 -0.19 8.17 5.32 
1.47 -0.17 7.47 4.87 
1.38 -0.16 6.84 4.50 
1.27 -0.1 5 6.41 4.21 
1.20 -0.15 6.16 3.99 
1.06 -0.13 5.61 3.61 
0.98 -0.12 5.08 3.36 
0.88 -0.11 4.79 3.20 
0.80 -0.11 4 .60 3.03 
0.69 -0.10 4 .30 2.82 
0.59 -0.08 3.77 2.57 
0.50 -0.08 3.66 2.36 ' 
0.41 -0.07 3.53 2.25 
0.31 -0.07 3.32 2.20 
0 .23 -0.07 2.82 2.15 
0.12 -0.07 2.79 2.00 
0.02 -0.07 2.65 1.70 

' 
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TABLE 5 
TABULAR DATA -

SCENARIO 22, 8747, SEGMENT 2 · 
-

AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ERROR (DEGS) (DEGS) 

12.05 -0.14 -90.37 0 .03 
11.85 -0.33 -90.22 -1.04 
11.65 -0.52 -89.71 -5.94 
11.45 -0.70 -88.25 -13.00 
11.26 -0.89 .-85.84 -20.10 
11.17 -1.08 -82.16 -24.10 

-11.08 -1.26 -78.;29 -24.90 
10.90 -1.45 -74.11 -25.00 
10.69 -1.62 -70.31 -25.00 

' 10.48 -1.80 -66.10 -25.00 
10.28 -1.96 -62.02 -25.00 
10.08 -2.13 -57.79 -25.00 

',. 9.88 -2.28 -53.83 -25.03 
l 9.67 -2.43 -49.69 -25.03 

9.47 -2.57 -45.81 -25.03 . 
• 9.26 -2.69 -41.59 -25.03 

9.05 -2.81 -37.65 -25.03
8.86 -2.92 -33.45 -25.03 
8.66 -3.01 -29.65 -25.03 
8.46 -3.11 -25.31 -25.03 
8 .26 -3.18 -21.17 -25.03 
8.06 -3.24 -17.17 -25.03 
7 .87 -3.28 -13.37 -25.03 
7.66 -3.33 -9.19 -25.03 
7.47 -3.35 -5.26 -25.03 
7.27 -3.36 -1.10 -25.03 
7.07 -3.36 2.83 -25.03 
6.89 -3.33 7.00 -25.03 
6.69 -3.30 10.79 -25.03 
6.48 -3.26 14.97 -25.03 
6.30 -3.20 18.90 -25.03 
6.09 -3.13 23.09 -25.03 
5 .90 -3.06 27.03 -25.03 
5.70 -2.96 31 .22 -24.98 
5.51 ' -2.87 35.05 -23.09 
5.30 -2.74 38.51 -18.38 
5.12 -2.62 40.91 -13.21 
4.92 -2.50 42.68 -8.67 
4.73 -2.38 43.69 -5.34 
4.56 -2.24 44.36 -3.07 
4.38 -2.11 44.73 -1.65 

• I 
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TABLE 6 . 
TABULAR DATA 

SCENARIO 29, B747, SEGMENT 2 
- \ 

AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ERROR (DEGS) (DEGS) 

14.75 -0.16 -120.38 -0.10 
'.lt. •: 14.54 f: -0.31 -120.14 -2.64 I 

p~ 14.34 ,. -0.44 -119.09 :9,09 
14.32 j -0.59 -116.61 -16.40 
14.32 -0.70 -113.70 -21.85 

' 14.21 -0.85 -109.51 -24.52 I 
I ,e t1 14.12 -1.01 -104.49 -24.99 
! 

".~ . 13.95 -1 .16 -99.96 -25.03 I 

13.78 -1.32 -94.98 -25.03 
r 13.60 -1.48 , -90.31 -25.03 • 
d .... 13.43 -1.64 -85.31 -25.03 
;: 13.27 -1.79 -80.64 -25.03 
' 13.14 )) -1.95 -75.65 -25.03 

12.97 ':, -2.10 -70.97 -25.03 I 

12.80 t -2.25 -65.99 -25.03 
12.63 -2.36 -62.07 -25.03 
12.47 ' -2.50 -56.92 -25.03 

.a . 12.31 -2.64 -51.93 -25.03 
,},. 12.14 -2.76 -47.10 -25.03 
! 11.97 -2.87 -42.42 -25.03 
vi 11.77 -2.97 -37.45 -25.03 

11 .59 -3.06 -32.77 -25.03 
11.45 -3.14 -27.82 -25.03 
11.30 -3.21 -23.32 -25.03 

\ 11 .14 -3.26 -18.18 -25.03 i 
10.98 -3.30 -13.69 -25.03 
10.80 -3.33 -9.49 -25.03 

, 
. ' 10.66 I -3.35 -4.97 -25.03 

. 10.49 -3.36 -0 .01 -25.03 I 

I 

10.33 -3.35 4.67 -25.03 
10.18 0 -3.33 9.64 -25.03 
10.00 -3.29 14.18 -25.03 ' 
9.83 -3.24 19.49 -25.03 
9.67 -3.18 24.35 -25.03 
9 .50 . -3.11 29.36 -25.03 
9.34 -3.02 34.00 -24.07 
9.18 -2.92 38.35 -19.60 

•. 8.99 -2.82 41.51 -13.19 
{ 8.82 '\ -2.71 43.35 -8.03 

8.70 -2.61 44.48 .. -4.12 
8.57 -2.49 . 44.98 -1.80 

• 

 9 

" ., 

•
r 

. 

.. 



- -

8.43 -2.37 45.20 -0.49 
8.30 -2.26 45.23 0.18 
8.14 -2.14 45.16 0 .43 

r 7.98 -2.03 45.09 0 .45 
7.85 -1.92 45.02 0 .33 
7.72 -1.81 44.97 0.19 

·~­ ~ 7.59 :,, -1.69 44.94 r 0.11 
'I 7.44 -1.55 44.91 0.33 

7.30 -1.43 44.68 2.26 
7.11 • -1.32 43.98 6.00 
6.96 .... l -1 .20 42.54 9.58 
6.84 -1.10 40.56 12.61 
6.71 -1.00 37.97 14.52 ... 

- ~­ 6.58 -0.91 35.35 15.42 
6.40 -0.81 32.31 15.58 
6.21 .. -0.73 29.62 15.22 
6.06 -0.66 26.80 14.49 t 

t ' 5.91 -0.59 24.04 13.51 I 
... 5.76 -0.52 21 .52 12.38 I 
\ \ 5.60 ' -0.47 19.31 11 .29 

5.41 -0.42 17.40 10.34 
5.23 -0.37 15.56 9.42 I 

5.74 -0.33 13.95 8.58 I 
t, J 5.58 - -0.29 12.33 7.80 • 

5.41 -0.26 11.00 6.98 I 

5.23 -0.23 9.64 6.24 
\. 5.07 -0.20 8.70 5.56 

4 .90 -0.18 7.59 4.94 
4 .73 -0.16 6.83 4.36 
4.57 -0.14 6.12 3.90 

•' - 4 .40 -0.12 5.35 3.54 
4.24 -0.11 4 .86 3.14 

-' 4.07 -0.10 4 .28 2.82 
3.91 -0.09 3.89 2.50 

\ ., 
3.74 -0.08 - 3.38 2 .27 
3.58 -0.07 I 3.07 2.05 
3.40 -0.06 2.65 1.82 
3.23 -0.05 2.12 1.65 
3.06 -0.04 l 2.10 ' 1.42 
2.89 -0.04 1.76 1.32' 

' 2.72 - -0.03 1.80 1.11 
2.55 -0.03 1.42 1.01 I 
2.38 -0.03 1.15 ~ 0.93 I 
2.23 - -0.03 1.15 0.76 

, 
2.05 - -0.02 <. 0.90 0.71 I 
1.88 -0.02 1.28 0.54 
1.72 -0.02 0.76 0.49 
1.56 -0.01 0.59 0.54 

,_ .., --· I 1.39 ·­(), -0.01 0 .71 0.37 

. 

.. 

"• 
~..... 



,J • ..., 

1.23 -0.01 0.47 0.47 
1.05 -0.01 0.87 0.31 
0 .89 -0.01 0.35 0.38 
0 .73 -0.01 0.21 0.31 
0.56 -0.01 0.50 0.07 
0 .41 -0.01 0.20 0.25
0 .23 -0.01 0.93 0.14 
0 .07 -0.01 0.21 0.02 

• 



6 
8 
8 

2.20 -0.58 21.14 15.55 
1.99 -0.51 19.02 14.43 
1.78 -0.45 16.96 13.26 
1.57 -0.40 15.16 12.15 
2.14 -0.34 13.47 11.10 
1.93 -0.30 12.04 10.13 
1.71 -0.26 10.60 9.2
1.51 -0.23 9.40 8.3
1.28 -0.19 8.17 7.5
1.08 -0.17 7.26 6.82 
0 .84 -0.15 6.29 6.11 
0.64 -0.12 5.54 5.42 
0.41 -0.11 4.76 4.82 
0 .20 -0.09 4.10 4 .30 

• .. 

..• ~ 

.•.. 
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r " TABLE 7 
TABULAR DATA 

. SCENARIO 31, 8747, SEGMENT 2 ­

AIR DISTANCE CROSS TRACK TRACK ANGLE BANK ANGLE 
TO NEXT WAYPT (NM) ERROR (NM) ERROR (DEGS) (DEGS) 

17.66 -0.07 -120.50 0.09 
1j J 17.44 -0.23 -120.29 -0.32 ' 

17.23 -0.41 -119.97 -4.34i 
17.02 -0.58 -118.89 -11..16 
17.02 -0.76 -116.67 ·-18.52 

I , 
16.98 -0.94 -113.73 , -23:52 

I ' ·16.88 -1.13 -109.92 -24.85 ' 
16.69 -1 .32 -106.24 -25.03 ' 
16.48 -1.51 -102.68 -25.04 1 
16.27 -1 .71 [• -98.75 -25.03 I 
16.05 -1.90 -94.97 -25.03 ' 
15.85 -2.12 ; -91.02 -25.03 .
15.64 -2.31 -87.44 -25.03 

- 15._43 ' -2.52 -83.43 -25.03
' ,.. r 15.22 -2.70 -79.87 -25.03 
." 15.01 -2.91 -75.95 -25.03 
~ 14.80 -3.10 -72.26 -25.03 

t 14.59 -3.29 -68.35 -25.03 I

14.38 ' -3.47 -64.81 -25.03 

. 14.17 -3.64 -61.13 -25.03 I 

13.96 -3.81 -57.20 -25.03 
13.75 -3.97 -53.51 -25.03 
13.55 -4.14 -49.59 -25.03 

\. 13.34 ~ -4.28 -45.88 -25.03 
13.14 '· -4.41 -42.32 -25.03 

- '-' 
-'­ 12.93 . -4.53 -38.61 -25.03 
.> 12.73 -4.64 -35.03 -25.03 

12.52 -4.76 -31.07 -25.03 
12.30 -4.86 -27.39 -25.03 
12.09 -4.94 I -23.46 -25.03 
11.93 -5.00 -20.40 -25.03 
11 .72 -5.06 ~16.69 -25.03 
11 .51 -5.11 -12.69 -25.03 
11 .30 ' -5.14 -8.97 -25.03 
11.11 -5.16 -5.87 -25.03 
10.92 -5.18 -2.33 -25.03 I 
10.72 -5.18 1.43 -25.03 i 

I 

~ 10.55 -5.17 3.99 -25.03 I 

10.38 -5.15 ' 7.40 -25.03
• . 10.21 -5.12 10.45 -25.03 I 

10.04 -5.09 13.58 -25.03 

• 

•• • 

.•.. 



.: ) 

. -
9.92 - -5.07 15.60 -25.03 
9.77 -5.02 18.27 -25.03 
9.62 -4.97 20.86 -25.03 

. I 9.49 -4.92 23.42 -25.03 
9.34 -4.86 25.99 -25.03 

,_~.-·· 9.20 -4.80 28.57 -25.03 
. 9.09 -4.74 30.65 -25.03 

- 8.95 (C. -4.67 J 33.09 -24.69 
,_ - 8.85 -4.62 34.86 -23.61 ·1 

- I 8.73 -4.55' l 36.72 -21.18 l 
8.59 -4.47 38.51 -18.07 I 

8.46 .>-< -4.39 40.07 -15.02 ! 

' 8 .35 -4.32 41.03, -12.34 
I r:' 8 .24 -4.26 s 41 .93 -10.10 ! 
I 

8.11 -4.16 ~ 42.77 -7.81 •I 
8.02 f -4.11 43.15 -6.56 I 

I - 7 .91 -4.05 43.59 -4.95
i ,_ . 7.80 -3.96 43.92 -3.90 I 

7.69 -3.88 ' 44.20 -2.92 I 
: 7.61 . -3.82 ' 44.35 -2.41 

7.46 -3.72 44.53 -1.68 
- ..,.

{,; 7 .34 -3.64 44.65 i -1.20 

- 7.23 
r 

-3.57 44.72 -0.90 
7.10 " -3.49 44.80 -0.70 ~ 

6.99 \ -3.42 44.83 -0.54 

- 6.85 -3.35 44.86 -0.33 
u.- r:· 6.72 I -3.27 44.88 -0.22 
u.. 6.59 £ -3.20 44.89 -0.14 

·• 6.43 -3.12 44.89 
- ~ 

-0.13 
6.26 -3.02 44.90 -0.09 .,, 

'" 
6.12 -2.93 ' 44.91 -0.01 

. 5.93 ~ -2.81 44.92 1- :­ 0 .00 
I < 5.73 -2.67 44.92 0.01 

I '.,, <!!
• 5.54 " -2.53 44.91 0.02 

t 
• , c~ 

1- 5.34 I -2.39 44.91 0.04 --i 

5.13 -2.26 44.90 0.08 
. I 4.92 f 'E -2.12 44.88 0.11 

,_ > 
. 4.71 (i1 -1 .97 44.86 0.24 

,­ I ~• 4.50 H -1.83 44.73 2.35 . 

- ,• J (' 4.29 - -1.69 44.09 6.28 
I~ 4.09 -1.55 43.01 10.40 l 
I 

.
. 3 .88 ·_ -1.41 41.23 13.80 

3.67 -1.29 39.13 16.27
" 

- . 3,46 t -1.16 36.59 17.76 

- 3.25 t. -1.04 3.4.01 18.48 
t 'I '.~- 3.04 r -0.93 31.28 18.58 
'' 2.83 · l) -0,84 C I 28.69 18.22

-
V ' 2.62 -i~. t -0.74 25.99 17.50 

........t _ - 2.A1 ~~. -0.66 23.58 16.61 

I. 
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