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INITIAL FLIGHT TESTS AND THECORY OF AN
EXPERIMENTAL PARALLEL COURSE CCMPUTER

SUMMARY

This report presents the results of flight
tests made with an experimental parallel
course computer which was manufactured on
contract for the CAA Office of Technical
Development by the Minneapolis-Honeywell
Regulator Cormmpany The maximum errors
were found to be small enough to permait safe
flight over parallel tracks of ten-mile sepa-
ration Results of bench tests of the computer
are also presented, and the theoretical relation
between computer error and distance and
bearinp errors 15 explained

There will soon be availlable navigation
receivers and distance measuring equipments
built to more rigid specifications than those
used 1n these tests, and as a consequence the
errors of computer flying will be reduced to
less than those shown in this report

INTRODUCTICN

The parallel course computer ts one type
of course line computer Computers of this
type are also known by the following names,
course line computer, offset course computer,
bearing distance computer, and R- 8 computer
The function of the computer which 15 dis-
cussed 1n this report 1s to accept bearing in-
formationfrom the omni range radio receiver
and distance 1nformation from the airborne
unitof the radar distance measuring equipment
(DME) and to convert this information into
simple track guidance directions for the pilot
This computer also supplies a continuous in-
dication of the distance along the track be-
tween the aircraft and a selected destination

Because there had been a great deal of
theoretical and speculative discussion about
computers, the CAA Office of Technical De-
velopment contracted with the Minneapolis-
Honeywell Repgulator Company to develop and
construct an experimental computer suitable
for makinp flight tests with the bearing dis-
tance facilities available at the Experimental
Station at Indianapolis To expedite delivery,
weight and space limitations were excluded

from the specifications Alsg, the manufac-

turer was permitied to mount all but one of
the i1ndicator dials and controls in one unit
which was to be rnounted in the radio com-
partment of a DC-3 aircraft The exception
was the course deviation indicator which was
to be a standard Weston Model 888 Type 3 in-
dicator mounted on the pilot's 1nstrument
panel. This 1s the standard cross-pointerin-
strument with flagalarmadded The computer
1s 1llustrated in Fig 1 In future models all
essential controls and indicators will be avail-
able to the pilot, and 1t 15 estimated that the
amplifier unit will be compressed to the size
of a standard one-half ATR,

OPERATION

The method of gperating the computer
can be best described with the aid of the trig-
cnometric diagram of Fig 2. In setting the
computer dials for a particular course the
following operations are usually performed in
the order listed

1 Draw the selected course line on the
chart such as the heavy line through the des-
tination in Fig 2

2. Measure the bearing of the course
In Fag 2 this
1s the angle C which 15 112 degrees for the
direction of flight chosen 1n the example

3 Setthe course angle i1nto the computer
by adjusting dial C in upper left center of Fip,
1

with respect to magnetic north.

4 ILocate the desired stationonthe chart
and measure the course line offset distance
which 15 the shortest distance between the
station and the course

5 Adjust "offset dial" at the upper left
of Fig. 1 Offset 15 to the leit on the dial if
station 1s to the left in passing as in Fig 2.
If station 1s going to be to the right in passing,
then the offset dial 1s set to the right,

6 On the chart locate the desired des-
tination on the course and measure the ''along
track coordinate.” This coordinate 1s the
distance between the destination and the point
nearest the omni station on the course which
15 also the foot of the perpendicular from
station to course
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Fig, 1 Experimental Model of Parallel Course Computer
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7. Adjust "along track'' dial ar upper
right of Fig, 1. Along track coordinate 1s the
distance from the foot of the perpendicular to
the destination If the destination 1s beyond
the offiset point 1n Fig. 2, the dial 15 set to the
left, and if the destination precedes the offset
point, the dial 15 set to the right

8., Tune 1n the selected station and
switch course deviation indicator to computer

9. Flycourse deviationindicator {cross-
pointer instrument) to place aircraft on course
and keep 1t there,

The course deviafion indicator has the
same rightor left sensing as when on the CAA
localizer or omni1 range course. However,
the deflection of the course deviationindicator
1s proportionalto course line deviation 1n
miles in the computer, whereas 1t 1s propor-
tional to angular deviation in localizer and
omnl range equipments,

1f the pilot wishes to fly another track
parallel to the one which he has already set up
on the computer, he may do so by setting the
track selector either right or left the desired
number of indicated miles TFor example, 1f
he sets the track selectior ten miles right and
"flies the needle' the aircraft will travel a
course ten miles to the right of the course set
up butparallel to 1t, Also,as one would expect,
the destination will be displaced ten miles
right,

INSTALLATION

The panel of the computer 1s shown in
Fig.l. Itwasinstalledin CAA aircraft NC-182
and connectied to the Aircraft Radio Corporation
Model 15 variable tuned omn1 range recelver,
shownin Fig. 3 and to a radar distance meas-
uring equipment shown in Fig. 4, which was



Fig., 3 The VHF Omni Range Receiver Used in the Computer Tests



Fig. 4 The Experimental Airborne Distance Measuring Equipment Used in the Computer Tests



constructed at the U S5 Naval Research Lab-
oratory, The connections tc the omni receiver
were such thata servodriven bearing selector
i1n the computer was substituted electrically for
the manual bearing selector, and the omnileads
normally connected to the course deviation
indicator were {ransferred to the input of the
servo controlling the computer bearing dial,
This servo positions the cylindrical dial B 1n
Fi1g, | so that it indicates bearing from air-
craftto the omni station The DME range volt-
age 1s supplied from a cathode follower tube
in the DME, The plate voltage of the cathode
follower tube, as well as the range voltage, 1s
supplied to the computer The ratio of these
two voltages actuates a servo motor so that it
properly positions the dial labeled Dastance
in Miles at the lower left center of F1g 1.

CIRCUITRY OF EXPERIMENTAL
COMPUTER

Faig 5 15 a simplified schematic diapram
of the computer Starting at the upper right
the distance servo motor drives 1ts shaft until
the DME range volis are equal to the voliage
picked oif the potentiometer which 1s energized
by the DME 210-volt supply InFaig 1 the dial
labeled Distance inMailes 15 on this same shaft,
Also, on the same shaft i1s the dual distance
potentiometer whose output consists of two
400-cycle voltapes of opposite polarity but
each proportional to the distance D from the
aircraft to the omni station, This voltage 1s
applied to the resolver poltentiometer The
housing of the resolver potentiometer 1s fixed
to the course dial C in Fig. 1, while the two
wilpers are mounted on a shaft whiech 1s con-
nected to bearing dial B, It should be noted
that the sine and cosine wipers have a fixed
spacing of 90 degrees on the shaft and that
the sine wiper, for example, will be positioned
on either the +D or -D side of the resoclver
winding, depending on the alpebraic sign of the
sine (C-B) Because of this arrangement, the
lefthand resolver potentiometer wiper in Fig,
5 has a voltape output proportional to D sin
(C-B), which 1s the same as D sin § 1n Fag, 2
This voltage and the voltage from the offset
potentiometer act through their respective
series summing resistorstoc produce currents
of opposite phase 1n the totalizing resistor, If
these two currents are equal, then the off-track
servo motor will center the off-track balance

potentiometer D sin § equals the offset dis-
tance only when the aircraft 1s on course, and
hence when the course deviation 1s zero If
D sin @ 1s notequal tothe offset distance, then
there 15 a residual current in the totalizing
resistor. The servo moter positions the off-
track balance potentiometer until the totalizing
resistor current 1s zero, The resultant dis-
placementof the off-track balance potentiome-
ter shaft from the center position 1s propor-
tional to the course line deviation in Fig., 2
The off-track dial at lower left in Fig. 1l 1s
mounted on this same shaft Also, mounted
on the ofi-track balance potentiometer shaft
15 the potentiometer supplying the course de-
viation indicator The magmtude of the 400-
cycle output voltage from this latter potenti-
ometer 15 proportional to course deviation and
the phase for right deviation 1s the reverse of
that for left deviation After this voltage
passes through a phase sensitive rectifier, it
18 applied to the course deviation indicator on
the pilot’s instrument panel

The right-hand wiper of the resolver
potentiometer 1n Fig. 5 has a voltage output
proportionalto D cos {C=-B), which 1s the same
as D cos § in Fig. 2 This voltage and the
voltage from the along-track coordinate po-
tentiormeter act through their respective series
surmmilng resistors to produce currents of
opposite phase 1n the "along-track' totalizing
resistor The Distance to Destination serve
motor positions the Distance to Destination
Potentiometer so as to reduce the totalizing
resi1s5tor current to zero, This makes the
displacement of that potentiometer shaft pro-
portional to distance along the track between
aircraft and destination, The dial marked
Distance to Destinationin the lower right-hand
corner of Fig 1 1s mounted on this same shaft,

The track selector potentiometer with
fixed steps 1s shown on the left side of Fig. 5.
It 15 so connected that it can either add to or
subtract irom the component of current from
the offset potentiometer. By this means the
offset can be changed indiscreet steps to per-
mat flying tracks parallel to but displaced from
the track imitially set up This circuit 1s
actuated by the decade switch shown to the left
of the computer 1in Fa1g 1,

In constructing this computer 1t was the
original intention toadd voltages by connecting
them 1n series, However, the capacitance to
ground of the various 400-cycle transformer
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windings introduced sericus computer errors,
The parallel arrangement using summang re-
sistors was then devised to eliminate this
erroT.

Alter the computer was delivered, flag
alarm circuits were added The flap alarm of
the course deviation indicator was actuated by
the ommni bearing receiver However, a relay
was actuated from the DME warming light
circuit so that the flag alarm current was
interrupted whenever the DME signal was out
of the gate,

Future development of more adequate
flag alarm circuits 1s contemplated,

THEORY CF OFF-TRACK ERRORS

Since givenerrers inbearing and distance
information produce errors of different mag-
nitude at different points on a track, 1t 15 de-~
sirable to study the theoretical effect of such
errors The following equation for the com-
ponents of off-track error introduced by errors
in the omni bearing information and the DME

information 15 derived in Appendix I

Off-track error
caused by bearing
and distance errors
L A

=0017b D cos {C-B) -d sin (C-B)

Where
{assumed less than four degrees), d 1s the
DME distance error i1n miles {assumed less
than three miles), D, B, and C are defined in
Faig. 2

Note that in this equation the bearing
error makes a negligible contribution to the
off-track error when the cos (C-B) 15 zero,
namely, when (C-B) 1s 90 degrees. This con-
dition exists when the aircraft 15 at the offset
point which 15 the point mearest the
for any track. Conversely, the bearing error
has 1ts greatest effect on the off-track error
at the extremes of the track where the angle
(C-B) 15 small and therefore cos {C-B) 1s
very nearly umiy As shown in Fig 6, the
off-track error component for a given bearing
error 1s proportional to the distance between
the aircraft and the offset point,

b1is the omni bearingerror 1indegrees
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The off-track error caused by a given
DME error 1n miles 1s proportional to the sin
(C-B) and 1s therefore preatest at the offset
peint and negligible at the extreme ends of
any track, When the component 1s plotted
against distance along the track, as in Fag, 6,
1ts effect 15 also a function of the offset dis-
tance

An i1nteresting condition exists when the
offset 1s zero, viz , when the track passes
directly above the station, On this track for
all points, except the one over the station, the
angle (C-B) 15 zero, and hence the DME error
does not contribute to the off-irack error
Directly over the station, however, the servo
controlled bearing dial oscillates violently
sometimes making a complete Tevolution At
this time the maximum excursions of the course
deviationindicator willbe directly proportional
to the DME error The DME 1ndication is
proportional to slant distance which the com-
puter interprets as though it were horizontal
distance and the difference between these two
appearsas aneffective DME error inthe cormn-
puter for points very close to the station The
practical result 1s that excursions of the de-
viation indicator will be directly proportional
to altitudes above the ground when the aircraft
15 directly over the station on a computer
track.

Another condition of interesi 1s that in
which the error in the DME distance information
15 a fixed percentage of the distance Ifis
interesting to note that such a given fixed per-
centerror produces a constantoff-track error
which 1s proportional to the offset d1stance
for any track as 1s shown graphically in Fig
6

The errors introduced by the computer
1tself were determined by a bench test in the
laboratory. The computer was energized but
the DME. and bearing serve mechanisms were
disconnected The bearing and distance dials
were positioned manually to the nearest even
divisionfor several calculated values on vari-
ous itracks, The calculated off~track error
was then subtracted from the observed off-
track indication to obtain the cornputer error,
The results are tabulated in Table I

One possible source of off-irack error
was discovered in a bench check for accuracy
made after the off-irack servo motor was
changed It was found that the induction type
velocity generator used for feed back 1in the

servo mechanism hada voltage output at stand-
st11l which iniroduced a one mile off-track
error. This was eliminatea by carefully se-
lecting another servo motor assembly

THEQRY OF DISTANCE TO
DESTINATICN ERRORS

Components of the distance to destination
errors can be separated in a manner sumilar
to that used for the off-track errors

The following equation is alsco derived 1n
Appendix I for the components of error intro-
duced by errors in the bearing and distance
information

Distance to destination
error caused by bearing
and distance errors

= d cos (C-B) - 0017 b D sin (C-B)

In this case the DME errors have the
preatest effect at the exiremes of the track,
while the efiectof a given bearing error is the
same along any one track but 1s proportional
to the offset distance D sin {C-B) which is
practically constant for a given track,

Distance to destinationerrors introduced
by the computer were determined by bench
test and are given in Table I

RESULTS OF FLIGHT TESTS
OVER PARALLEL COURSES

InFi1g 7 1s reproduced a sunplified map
of test flights on this computer. The triangular
symbol in the center represents the station,
The number near the center of each track rep-
resents the offset i1n miles, for example, the
track numbered N10 1s offset ten miles to the
north of the station The straight lines rep-
resent the intended courses and the lines with
arrowheads represent the actual tracks of the
aircraft, the arrowheadindicating the direction
of flight The deviationin miles of the aircraft
track from the intended course can be readily
estimated by noting the proportionbetween de-
viation and course spacing Spacing for two
courses 1s, of course, the difference between
offset distances,

The average observed off-irack error
without regard to algebraic sign was 3/4 male
The service area of the station i1s expected to
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be within 45 miles of the oifset point. The
greatest single observed error within that serv-
lcearea was 2 1/2 miles. The greatest single
error observed in these tests was threemiles
at the extreme ends of track 538 A porition
of this latter error 1s known to have been caused
by a percentage change in the calibraiion of
the distance measuring equipment during this
series of tests,

The method of plotting these computer
tracks may be of interest.

During the flights, the pilot endeavored
to keep the needle centered while erther the
copilot or an engineer sat inthe copilot’s seat
and plotied the path of the aircraft on detalled
county maps having a scale of 1/2 inch per
mile At the beginning of these tests, the ob-
server’'s accuracy was tested by comparing
his observation of the aircraft's position with
thatobserved throughan ArmyType B-3 gyro-
stabilized drift sight The two observations
were found to agree to better than 0.2 mile up
to an altitude of 5000 feet

1he maps used were also compared with
the sectional aeromautical charts and found to
be 1n excellent agreement.

Fig. 81s a reproduction of the recordings
of the course deviation indicator for three of
the tracks shown in F1g 7.

The heavily inked symbol represents the
course deviation indicator, although only three
of the five dots are shown here. It will be
noted that the sensitivity of the pointer 1s 1/2
mile per dot Experience gained during these
tests indicate that the pilot can fly computer
courses with satisfactory precision if the
sensitivity 1s as low as two miles per dot
However,1f ten-mile track separation 1s used,
1t seems advisable that the ultimate sensitivity
of the deviation indicator should be ome mile
per dot which would make the course width of
the deviation indicator ten miles,

In Fig 8 the term "offset point' 1s used
on the upper and lower recordings to indicate
the foot of the perpendicular from the station,
which 1s also that point on the track that 1s
It will be noted that the
recording 1s smooth near the offset point but
that elsewhere the record suffers from a pe-
riodic disturbance whose magnitude 1s roughly
proportional to the distance between the air-
craft and the offset point It has been deter-
mined that this disturbance 15 caused by a va-

nearest the station

riation of plus or minus cne degree i1n the omm

11

bearing information, which 1s negligable 1n the
omnl range receilver presentation, but shows
up here because of the greater sensitivity of
the computer to bearing error The period of
the disturbance can be estimated from these
recordings, since each time division repre-
sents 45 seconds, for example, the four divi-
sions between eight and noon represent three
minutes It 1s planned to minimize this oscil-
lation by reducing the sensitivity by itwo as
previously mentioned, and also by adding 1n a
small amount of intepration In making the
flights 1llustrated in Fig 7 the pilot mentally
ntegrated the pointer swinp

Althoughdistance to destination readings
were made during the flights 1llustrated in Fag
7, 1t was not practical to precisely correlate
these readings with the map. Allthat was done
onthese flights was to determine that distance
to destination indications were reasonably ac-
curate However, one flight was repeated over
tractN10 of Fig, 7 1nan east to west direction
taking the data 1n a different manner
of the tracks, such as N10, are township lines
of the U 5 Land Survey and are visible from
the air as straipht continuous lines clearly
marked by roads and farm boundaries. In
making this flaipht over track N10 the pilot
ignotredthe course deviation indicator and flew
the aircraft on a straighttrack along this town-
ship line, Check points were selected in ad-
vance at intervals of approximately five mailes
All the compute r dials were read whenever

Some

the aircraft passed over one of these check
pomnts True bearings and irue distances for
each check point were determined from the
detailed county maps having a scale of 1/2
inchper mile The resulting data 15 contained
in Table IT

RESULTS OF FLIGHT TESTS
OVER CIRCULAR ORBITS
AROUND THE STATION

In the lower right center of Fig 1 1sa
switch labeled "orbit or line " If this switch
1s thrown to the "orbit'" positien, and the off-
set dial 1s set to a distance such as 20 miles
to the left, then the pilot can fly a left hand
circular pattern about the station by flying the
deviation indicator with normal sensing The
flight paths shown in Fig. 9 were made ina
manner similar to those of Fig 7, except that
the orbiting functionof the computer was used
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Fig 9 Simplified Map Presentation of the Data From Flight Tests
Over Circular Orbits About the Station
The perfect circles are the intended orbital CONCLUSIONS

tracks, and the adjacent tracks are those made
by the aircraft, Bench tests of the computer
indicated that of the errors shown in Fig 9,
one mile was contributed by the computer at a 3/4mile and a maximum error of 2 1/2 males

20-mile radius, 0.6 mile at a 10-maile radius, within the expected service range of the station,
Errors 1n the distance to destination or way-

Flight iests of the experimental computer
show that 1t has an average olf-track error of

and 0.5 mile at a 5-male radius.



roint are found to be of the same order of
mapgnitude, These errors are well within the
limi1ts recommended by the January, 1947,
Report of the Special Radio Technical Division
of ICAO, Soon there will be available navi-
gationrecelvers and distance measuring equip-
ments built to more rigid specifications than
those used inthese tests,and as a consequence
the errors of computer flying will be reduced
to less than those shown 1n this report.
Inprocuring the experimental computer,
s1ze and weight limitations were waived to

14

obtain prompt delivery, With the precision
potentiometers and autosyn units of compact
design now available, it 1s believed that the
size can be reduced to that of a one-half ATR
and the welght to approximately 20 pounds

Off-track errors of the magmtude found
inthese tests would permat the use of ten-maile
track separation with safety It may be noted
that the portion of the errors introduced by
the transmitting station does not affect the
track separation because such errors alffect
all recewving equipments alike
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APPENDIX I If bisassumed to be three deprees or less and
di1s assumedfour miles or less, then the first
Analysis of the Computer Equation and lastterms on the right-hand side of equation
for Error Relationships (4) become less than 0 2 mile and therefore
negligible This assumption alsoc makes sin b
The following computer equation for the paral-  equal to b in radians and cos b equal to one.
lel course computer is readily derived from
the diagram of Fag. 2 With these approximations, equation (4) can be
rewritten as follows
Off Course Line
Track =|Offset -~ D sin (C-B) (1) Off
Distance | |Distance Track (= 0.17 b D cos (C-B) - d sin {C-B) (5)
Error
Bearing and distance errors may be taken
account of by rewriting the computer equation Simalarly, the following equation can be set up
as follows for distance to destination error relations
Off Off Course Line Distance to Along
Track +|Track |=|Offset Destination |=|Track + D cos (C-BY (6)
Distance Errors Dastance or Waypoint| [Coordinate

- {(D+d) sin (C-B-b) (2)

Introducing b and d and expanding gives

Distance to Distance to| |Along
Destination |[+|Destination|=|Track + D cos b eos (C-B) - D sin b sin (C-B)
or Waypoint| |Error Coordinate

+ d cos b cos (C-B) = d sin b sin (C-B) {7)

Subtracting (6) from (7}

Distance to
Destination |= (cos b-1) D cos (C-B) - D sin b sin (C-B) + d cos b cos {C-B)

Errors
- d sin b sin (C-B) (8)
Assumingb and d small as before and approx-
where imating
b = bearing error 1n degrees Distance to
d = distance error in miles, Destination|= d cos {(C-B)
Errors
Expanding equation (2) gives - 0,017 b D sin {C-B) (9)
Off Off Course Line
Track +|Track|= |Offset -D sin (C-B) cos b+ D cos (C-B} sinb - d sin (C-B) cos b
Distance Error Distance

+ dcos (C-B) sinb (3)
Subtracting equation (1) from (3) leaves
Off

Track|= {l1-cos b) D sin (C-B}+ D sin b cos {C-B) - d cos b s1n {C=-B) + d sin b cos (C-B} (4)
Error
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TABLE I

Bench Test Errors of Experimental Course Line Computer

When the following data were recorded, the course angle dial was set at zero, and along-track
dial was also set at zero

Calculated OCbserved Distance to

Cmni- Omni- Calculated Observed Off-track Distance to Distance to Destination
Offset Bearing Distance Cff-track Off-track FError Destination Destination Correction
{Miles)” (deg) (miles) {miles) (miles) (miles)* (miles) {miles) {miles)*x*
Raght 50 30 100 0 o0 L1¢0 L.17 86 L 87 -1,0
3B 81 0 .01 L 17 L1Eé 64 L 63 +1 0
51 64 5 RO L 0.8 .09 41 L 39 +2 0
68 54 0 RO1 L02 L03 22 L1% +3 0
g0 500 0.0 rROZ RO 2 0 R 2 +2 0
112 54 0 ROl RO3 R 0,2 22 R 22 00
129 64 5 RO RO1 00 4] R 41 00
142 81 0 I.D1 .04 L0023 64 R 64 00
150 1000 00 1. 0 2 Lo2 B6 R 87 -1 0
Right 40 24 98 5 LO1 L1dg L 0.9 90 L 91 -1 0
30 B0 O 00 17 L17 69 L. 69 00
39 63 5 00 .14 LL14 49 L. 48 +1 0O
54 49 5 00 LO& LO6b 29 L 28 +1 0
76 4] 5 RO3 00 Lo3 10 L 9 +1,0
90 40 0 00 00 00 0 R 2 +2 0
104 41 5 RO3 RO5A R 0,2 10 R12 -20
126 49 5 00 RO3 RO03 29 R 30 -1 0
141 63 5 00 LLO01 Lol 49 R 50 -10
150 800 00 LLO3 L 0.3 69 R 69 00
156 98 5 Ro1l Lo3 L04 90 R 91 -10
Right 30 18 97 5 R 0.1 L 0.6 Lov7 93 L 94 -1.,0
23 76 5 L0l L 0.8 L0o7 70 L 70 00
i1 58 5 RO1 L 0.6 L 0,7 50 1. 50 00
45 42 5 0.0 1. 0.6 L 0.6 30 L 29 +1 0
72 315 cgo ROZ RC2 10 L 9 +1 0
90 30.0 0o RO3 R 0.3 0 R 1 +1.0
108 31 5 Cco RO4 rRO4 10 R 12 -2.0
135 42 5 00 rRO2 RO2 30 R 31 -10
149 58 5 RO1 RO4 RO3 50 R 51 ~-10
157 76 5 L.o1 RO 2Z RO3 70 R 70 00
162 97 5 RO1 0.0 Lo1l 93 R 93 0o
Right 20 12 97 0 RO2Z2 RO2Z2 0.0 95 L 96 -1.0
16 725 00 00 0.0 70 L. 70 00
22 53.5 0.0 L 0.1 L0l 50 L 50 oo
34 36 0 RO1 0.0 L 0.1 30 L 29 +1 0
64 22,5 R 0.2 R 0.7 ROS 10 L g +1 0
90 20.0 00 ROS ROS 0 R 1 +1.0
116 22 5 R 0.2 R1O RO0OS8 10 R 11 -1.0
146 36.0 RO1 R 0.6 ROS5 30 R 30 0.0
158 53 5 00 R 0.6 R 0.6 50 R 50 0.0
164 72 5 00 RO4 RO4 70 R 69 +1 0
168 97.0 RO2 RO4 RO2Z 95 R 95 0.0
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TABLE I (Continued)

Calculated Observed Distance to

Cmni- Omm- Calculated Observed Cff-track Distance to Distance to Destimation
Ofiset Bearing Distance Cfif-track Off-track FError Destination Destination Correction
(miles)~ (deg) (miles) (males) {rmiles) (miles)** ({mailes) (miles) (miles)™+=
Raght 10 6 95 5 00 ROZ2 RO2Z 95 L. 97 -2 0
8 720 00 RO1 RO Tl LL 72 -10
11 52 5 0.0 RO1 RO1 52 L A2 00
18 12 5 0.0 R 0,2 ROZ i1 L 30 +1 0
45 14 0 .01 L 0.3 1. 0.2 10 L 10 00
90 10 0 00 RO1 ROi ¢ 0 0.0
135 14 0 Lol 00 RO 10 R 11 -10
162 325 00 RO1 R 0.1 il R 31 00
169 52 5 0o RO2Z Ro2 52 R 52 00
172 720 00 RO1 R O1 71 R 70 +1 0
174 35 5 00 RO RO 95 R 95 00
0 0 100 0 00 0,0 00 100 L 99 +1.0
0 80 0 o0 0o 00 80 1. 81 -1 0
0 60 0 00 00 00 60 L 61 -1.0
0 40 0 00 00 00 40 L 40 00
0 200 o0 00 0.0 20 L 20 00
0 00 00 00 0.0 0 o 00
180 200 00 00 0.0 20 R 21 -1 0
180 40 0 00 00 0.0 40 R 40 00
180 60 0 00 00 00 60 R 61 -1.0
180 B0 0 0o 00 00 BO R 80 0.0
180 100 0 0o 00 00 100 R 100 00
Left 10 354 95 5 00 L0l I.o1 95 L 97 -20
352 720 090 00 00 71 L 72 -10
349 525 00 Lol I.01 52 L 52 00
342 32 5 00 g0 a0 31 L 31 00
315 14 0 RO Lol Lo2 10 L 10 0.0
270 10 0 00 . 0.3 L¢3 0 0 00
225 14 0 RO1 RO2Z R 0,1 10 R 11 -10
198 325 6.0 R0O2 RO2 31 R 31 0.0
191 525 0.0 RO3 RO3 52 R 52 0.0
188 720 00 RO4 R O4 71 R 70 +1 0
186 95 5 00 ROS ROS 95 R 95 00
Left 20 348 97 0 L 0.2 RO2Z RO 4 25 L. 98 -3.0
344 725 D0 RGOG6 RO 70 L 71 -1 0
338 535 00 R O3 R0D3 50 L 50 00
326 36 0 .01 DO R 0.1 30 L 29 +1 0
296 22 5 LLO2 L05 .03 10 L 10 0.0
270 200 00 L 0.3 LGC3 0 0 0.0
244 225 L.Lo2 .03 L Ol 10 R 11 -1.0
214 36 0 L0l RO2 ROS3 30 R 30 00
202 535 00 RO2 RO2 50 R 50 00
196 725 00 RO3 ROS3 70 R 69 +1 0
192 97 0 LLO2 RO2Z R 0.4 95 R 95 00
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TABLE [ (Continued)

Calcuiated Observed Distance to

Omni- Omni- Calculated Cbserved Off-track Distance to Distance to Destination
Offset Bearing Distance Cff-track OQff-track Frror Destunation Destination Correciion
{miles)* (deg) (miles} (males) {(miles) (miles)** (miles) (miles) (males)#*=*
Left 30 342 97,5 L 0.1 RO4 ROS5 93 L 94 -10
137 76.5 R 0.1 RO4 RO3 70 LL71 -10
329 58.5 Lol ROS ROG6 50 L. 51 -10
315 42.5 00 R 0,4 RO4 30 L 30 00
288 31,5 00 RO2 R 0.2 10 L 10 00
270 30.0 0.0 0.0 0.0 0 1] 0.0
252 31.5 00 RO7 RO7 10 R 10 0.0
225 42.5 00 RO0O9 R 0.9 K1) R 30 00
211 5B 5 L o,1 L10 R11 50 R 50 00
203 76 5 RO R10 R11 70 R 69 +1 0
198 97 5 L0l R0OB RO9 93 R 93 0.0
Left 40 336 98 5 Lol R1O0 R11 90 L 92 -2 0
330 BO O 00 R14 R14 69 L 70 -10
3zl 63 5 00 ROS8 R 0.8 49 L 50 -10
306 49 5 00 RO0O4 RO4 29 L 29 00
284 41 5 1.03 00 RO3 10 L 10 0,0
270 40 O 00 RO4 RO4 0 L 1 -10
256 41 5 Lo03 RO4 ROT 10 R 11 -1,0
235 49 5 oo RO4 RO4 29 R 28 +1.0
219 63 5 0.0 R 1,5 R15 49 R 49 00
210 80,0 0.0 R16b R16 69 R 68 +10
204 98 5 L 0.1 R13 R14 90 R 89 +10
Left 50 330 100 0 0.0 R1IO R10 86 L 88 -2,0
322 810 RO1 R17 R 1.6 64 L 64 00
309 64 5 I.01 ROV R 0.8 41 L 41 0.0
292 54 0 L0O1 ROS3 R 0.4 22 L 2 +1 0
270 50.0 00 RO1 R0O1 0 L 1 -10
248 54,0 Lol ROS RO0?9 22 R 20 +2 0
231 64 5 L 0.1 R15 R1aé 41 R 39 +2 0
218 81 0 RO1 R2Z22 R 21 64 R 63 +1 0
210 1000 0.0 R20O R 2,0 86 R 85 +1.,0

*#*Noie - In each of these bench tests the course angle was zero, and the along-track coor-
dinate was zero,

*#%Note - The L (left) and R (right) symbols in the off-track error column refer to the direction
in which the course dewviation indicator deflects

#**%Note - This correction 1s to be added algebraically to the reading of the distance to desti-
nation dial



TAEBLE I1

Results of Straight Line Computer Flight Over Course N 10

Computer settings Offset - Left 9 7 Miles
Course - 268.5 degrees
Along track coordinate - 0 Miles

Distance to Diastance to Distance fo
Check Omni-Distance Omni-Distance Omni-Bearing Omni-Bearing OQOff-track Destination Offset Point Destination

Point Dial From Map Dial From Map Indication Dial From Map Correction
{miles) {miles) (degrees) (degrees) (miles)* (miles) {miies) {mailes )%
80 62 5 62 6 259 0 259 6 0.8 L L 620 61.8 -02
79 57.4 56 7 258 0 258 7 0.6 L L. 565 55 9 -0 6
78 53.3 52.3 258.0 257 8 0,6 L L.528 51 4 -1 4
65 51.5 49 4 257,5 257,2 04L L. 50.5 48 4 -21
64 43 5 42 6 255 0 254 7 01L L 42 3 41 5 -0.8
63 371 i6 4 252 0 253 1 n,7L L 35.5 35,1 -0 4
62 330 321 253 0 250 5 1.2 R .313 30 4 -0.9
61 27.1 26 2 249.0 247.2 1.1 R L. 25.0 24 4 -0 6
60 23.4 230 246.0 243 8 0.8 R L 220 21 0 -1.0
59 19,6 18 9 240 0 238,0 0.3 R L 17,0 16,3 -0.,7
58 14,3 138 226 5 224.6 0.3L L 9.5 10,1 +0.6
57 12,5 i1 8 216.0 215 0 0.3 L L. 80 10 0 +2,0
56 10,3 96 186,0 183 0 1.0 L L 15 0.9 -0,6
55 10,2 9,6 172.5 168.3 1,0 L R 2.0 15 -0.5
53 135 130 138 5 135 3 08L R10 0 88 =-1.2
52 18,5 18,0 121 5 120.6 06L R 17.0 15,2 -1.8
51 20,5 20 3 118 0 117 0 06L R190 17.6 -1,4
49 27.8 27.3 110 5 109 4 0.7TL R 26,0 25.5 -0.5
48 27 322 106,0 106.1 0.4 L R 320 30 7 -1.3
47 36,4 36 2 104 5 104 1 0,6 L R 360 34.9 =11
46 44 | 45 9 103,0 100 5 2.2L R 44 0 44,9 +0 9
84 49,4 50 5 99.0 99,7 06R R 49,0 49 6 +0 6
85 55.0 57.3 99 0 98 3 05R R 55,0 56 5 +1 5

* Note - Right and left deflection of course deviation indicator 1s indicated by R and L, respectively,

** Note - Correction 1s to be added algebraically to Distance to Destination dial reading

61



