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INITIAL FLIGHT TESTS AND THEORY OF AN 
EXPERJMENTAL PARALLEL COURSE COMPUTER 

SUMMARY 

This report presents the results of flight 
tests made with a,, experimental parallel 
course computer wh,ch was manufactured on 
contract for the CAAOfflce of Technical 
Development by the Mnu,eapoIls-H o n e y w e 11 
Regulator Company The maxlmurn errors 
were found to be small enough to pernut safe 
flight over parallel tracks of ten-m& sepa- 
ratlon Results of bench tests of the computer 
are also presented, and the theoretIca relation 
betweencomputer error and dlstanceand 
bearq errors 1s explaned 

There ~111 soon be avaIlable nav,gatu,n 
receivers and distance measuring equipments 
built to more rlgld speafwibons than those 
used m these tests, and as a consequence the 
errors of computer f1yr.g ~111 be reduced to 
less than those shown I,, t&s report 

INTRODUCTION 

The parallel course computer 1s one type 
of course 11ne computer Computers of this 
type are also known by the followng names, 
coursel1ne computer. offset course computer, 
bearq distance computer, and R- 9 computer 
The function of the c on, p u t e r which 1s dls- 
cussed in this report 1s to accept bearing ,n- 
formatux,from the ,,mnl range radu, receiver 
and d,stance lnformatlon from the a 1 r b o r n e 
unltof the radar d~stancemeasurq equipment 
(DME) and to convert this lnformatl0n Into 
svnple track guxdance dlrectmns for the pIlot 
This computer also supplies a continuous ln- 
d 1 cat 1 on of the distance along the track be- 
tween the aIrcraft and a selected destlnatron 

Because there had been a great deal of 
theoretIca and speculative discussion about 
computers, the CAA Offlce of TechnIcal De- 
velopment contracted w 1 th the Mu,neapolx- 
Honeywell Regulator Company to develop and 
construct an experxnental computer sultable 
for makIng flight tests with the bearing dls- 
tance fac,lltles avaIlable at the Experunental 
StatIon at Indw,ap&s To aped& d&very. 
weqht and space lnnltatlons were excluded 
from the speclflcatvx,s Also, the manufac- 

turer was pernutted to mount all but one 01 
the lndlcator d ,a1 s and controls I,, one unit 
which was to be mounted in the rad,o com- 
partment of a DC-3 alrcraft The exceptlo” 
was the course devlatlon lndlcator which was 
to be a standard Weston Model 888 Type 3 m- 
dlcator mounted on the pllot’s 1 n 5 t r urn e n t 
panel. This IS the standard cross-pomterln- 
strunent with flag alarm added The computer 
IS Illustrated in Fig 1 In future models al1 
essential controls and lndlcators ~111 be avall- 
able to the pllot, and It 1s estnnated that the 
ampllfler unit ~111 be compressed to the size 
of a standard one-half ATR. 

OPERATION 

The method of operating the computer 
can be best described w1t.h the ald of the trq- 
onometr,c dxagram of Fq 2. In setting the 
computer d,al s for a partxular course the 
followng oprratlons are usually performed I” 
the order llsted 

1 Draw the selected course line on the 
chart such as the heavy Ilne through the des- 
tlnatlon in F,g 2 

2. Measure the bearing of the course 
with respect to magnetx north. In Fq 2 this 
1s the angle C which 1s 112 degrees for the 
dl re ctlon of flrght chosen m the example 

3 Set the course angle into the computer 
by adJustlng dial C ln upper left center of Fig. 
1 

4 Locate the desired statlononthe chart 
and measure the course hne offset d,s tance 
which 1s the 5 ho r t e s t distance between the 
statmn and the course 

5 AdJUSt “offset dial” at the upper left 
of Fig. 1 Offset 15 to the left on the dla1 If 
statIon IS to the left in passing as in Fig 2. 
If statlon 1s going to be to the right I” passmg, 
then the offset dial 1s set to the right. 

6 On the chart locate the desxred des- 
tlnatlon on the course and measure the “along 
track wordrate.” This coord,nate IS the 
d,stance between the destlnatlon and the po,nt 
nearest the omnl statIon on the coursr which 
15 also the foot of the perpendicular from 
statmn to coul-se 
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WAY POINT DISTANCE OR DISTANCE TO DESTINATION 

F1g 2 Trigonometry of computer operation 

7. Adpst “along track” dial ar uppe r 
right of Fig. 1. Along track coordinate IS the 
distance from the foot of the perpendxular to 
the destmatlon If the destmatlon 1s beyond 
the offset pomt 11, Kg. 2. the dial IS set to the 
left, and If the destmatxxn precedes the offset 
pomt, the dial 1s set to the right 

8. Tune m the selected statIan and 
switch course devlatlon mdlcator to computer 

9. Fly course devxttmnmdlcator (cross- 
pomter instrument) toplace aircraft on course 
and keep It there. 

The course devlatlon lndxator has the 
same rlghtor left sensmg as when on the CAA 
localner or omrn range course. However, 
the deflectvan of the course devlatmnmdlcator 
1s proportional to c o u r s e 11 n e devlatmn 1 n 
rmles 1x1 the computer, whereas It IS propor- 
tlonal to an g u 1 a r devlatmn in localleer and 
OrnIl range equipments. 

If the pllot wishes to fly another track 
parallel to the one which he has already set up 
an the computer, he may do so by settmg the 
track selector either right or left the desired 
number of n,d,cated nules For example. If 
he sets the track selector ten m&s right and 
“0~s the needle” the alrcraft ~111 t r a v e 1 a 
course ten moles to the r,ght of the course set 
up butparallel to It. Also, as one would expect, 
the de s tlnatlon ~111 be displaced ten miles 
right. 

INSTALLATION 

The panel of the computer IS shown m 
Fig. 1. Itwasmstalledm CAAalrcraft NC-182 
and connected to theAlrcraftRadlo Corporation 
Model 15 variable tuned omn~ range receiver, 
shownm Fig. 3 and to a radar distance meas- 
urrng equpment shown ID Fig. 4. which was 
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constructed at the U S Naval Research Lab- 
oratory. The connectmns to the omm receiver 
were such that a servo driven bearmg selector 
m the computer was substituted electrically for 
the manual bearmg selector, and the ommleads 
normally con n e c ted to the course devmtmn 
mdlcator were transferred to the Input of the 
servo controllmg the computer bearmg dml. 
This servo posltmns the cylmdrlcal dml B m 
Fig. 1 so that It mdlcates bearmg from axr- 
craft to the mnm statmn The DME range volt- 
age 1s supplled from a cathode follower tube 
III the DME. The plate voltage of the cathode 
follower tube, as well as the range voltage, 1s 
supplled to the computer The ratm of these 
two voltages actuates a servo motor so that It 
properly posltmns the d la 1 labeled Distance 
m Miles at the lower left center of Fig 1. 

CIRCUITRY OF EXPERIMENTAL 
COMPUTER 

Fig 5 1s a simpllfled schematlc dmgram 
of the computer Startmg at the upper right 
the distance servo motor drives Its shaft until 
the DME range volts are equal to the voltage 
plckedoff the potentmmeter which 1s energized 
by theDME 210-volt supply InFlg 1 the dml 
labeledDIstance mMlles 1s on this same shaft. 
Also, on the same shaft IS the dual distance 
potentiometer whose output consists of two 
400-cycle voltages of o p p o s 1 t e palarlty but 
each proportmnal to the distance D from the 
amcraft to the cmm statmn. This voltage 1s 
applied to the r e s o 1 v e r potentiometer The 
housmg of the resolver potentmmeter 1s fued 
to the course dml C m Fig. 1, while the two 
wipers are mounted on a shaft which 1s con- 
nected to bearmg dial B. It should be noted 
that the sme and cosme wipers have a fmed 
spa c in g of 90 degrees on the shaft and that 
the sme wiper. for example, ~111 be posxtmned 
on either the +D or -D side of the resolver 
wmdmg, dependmg on the algebrax sign of the 
sme (C-B) Because of this arrangement, the 
lefthand resolver potentmmeter wiper m Fig. 
5 has a voltage output proportmnal to D sm 
(C-B), which 1s the same as D su, 0 zn Fig. 2 
This voltage and the voltage from the offset 
potentmmeter act through their r e s p e c tl v e 
series summmg resistors to produce currents 
of apposite phase n, the totalmng resIstor. If 
these two currents are equal, then the off-track 
servo motor ~111 center the off-track balance 

potentiometer D sl,, 0 equals the offset dls- 
tance only when the amcraft 1s on course, and 
hence when the course devmtmn 1s zero If 
D sin ,g 1s not equal to the offset distance, then 
there 1s a residual current in the totalmmg 
resistor. The servo motor positions the off- 
track balance potentiometer until the totallzmg 
resmtor current 1s zero. The resultant dls- 
placement of the off-track balance potentmme- 
ter shaft from the center posltmn 1s propor- 
tmnal to the course lme devmtmn m Fig. 2 
The off-track dml at lower left in Fig. 1 1s 
mounted on this same shaft Also, mounted 
on the off-track balance potentmmeter shaft 
1s the potentiometer supplymg the course de- 
mation mdlcator The magmtude of the 400- 
cycle output voltage from this latter potentl- 
ometer 1s prcportmnal to course dewatmn and 
the phase for right devlatmn IS the reverse of 
that for left devlatlon After thm voltage 
passes through a phase sensltlve rectifier, It 
1s applied to the course devmtmn mdlcator on 
the p&t’s mstrument panel 

The right-hand wiper of the r e solver 
potentiometer m Fig. 5 has a voltage output 
proportmnal to D cos (C-B). which 1s the same 
as D cos 0 in Fig. 2 This voltage andthe 
voltage from the along-track coordmate po- 
tentmmeter act throughthelr respective series 
summing resistors to produce currents of 
opposite phase m the “along-track” totalmmg 
reslstor The Distance to Destmatmn servo 
motor posltmns the D 1 s tan c e to Destmatmn 
Potentmmeter so as to reduce the totalmmg 
re slstor current to zero. This makes the 
displacement of that potentmmeter shaft pro- 
portmnal to distance along the track between 
a 1 r c raft and destmatmn. The dml marked 
Distance to Destmatmn m the lower right-hand 
corner of Fig 1 IS mounted on this same shaft. 

The track selector potentmmeter with 
fued steps 1s shown on the left side of Fig. 5. 
It 1s so connected that It can either add to or 
subtract from the component of current from 
the offset potentmmeter. By this means the 
offset can be changed IndIscreet steps to per- 
mlt flying tracks parallel to but displaced from 
the track lnltrally set up This clrcult 1s 
actuatedby the decade switch shown to the left 
of the computer m Fig 1. 

In constructing this computer It was the 
orlgmal mtentmn to add voltages by connectmg 
them m series. However, the capacitance tn 
ground of the varmus 400-cycle transformer 
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wmdmgs mtroduced sermus computer errors. 
The parallel arrangement usmg summmg re- 
slstors was then dewsed to ellmlnate this 
error. 

After the computer was delivered, flag 
alarm clrcults were added The flag alarm of 
the course devmtlon mdlcator was actuated by 
the omm bearing receiver However, a relay 
was a c t ua t e d from the DME warnmg light 
c lr c ult so that the flag alarm current was 
Interrupted whenever the DME signal was out 
of the gate. 

Future development of more ad e qua t e 
flag alarm clrcults 1s contemplated. 

THEORY OF OFF-TRACK ERRORS 

Smce given errors m bearmg and dmtance 
mformatmn produce errors of different mag- 
mtude at different pomts on a track, It IS de- 
slrable to study the theoretlcal effect of such 
errors The followmg equatmn for the com- 
ponents of off-track err01 Introduced by errors 
ln the omnl bearmg mformatmn and the DME 
lnformatmn IS derived m Appendix I 

error 
caused by bearmg 
and distance error: 

= 0 017 b D cos (C-B) - d sun (C-B) 

Where bls the omnl bearmg error m degrees 
(assumed less than four degrees), d IS the 
DME distance error mmiles (assumed less 
than three miles), D. B. and C are defmed m 
Fig. 2 

Note that in this equatmn the be a r I” g 
error makes a negllglble contrlbutmn to the 
off-track error when the cos (C-B) 1s zero. 
namely. when (C-B) IS 90 degrees. This con- 
dltmn exists when the amcraft 1s at the offset 
p o~nt which IS the pant nearest the statmn 
for any track. Conversely, the bearmg error 
has Its greatest effect cm the off-track error 
at the extremes of the track where the angle 
[C-B) IS small and therefore cos (C-B) 1s 
very nearly uruty As shown m Fig 6, the 
off-trackerror component for a given bearmg 
error IS proportmnal to the distance between 
the alrcraft and the offset pomt. 

Fig. b Contrlbutmns to Off-Track Error of Dzfferent Assumed Bearmg 
and Distance Errors 
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The off-track error caused by a give” 
DME error I” m&s 1s proportional ta the 51” 
(C-B) and 1s therefore greatest at the offset 
p o ant and “egllglble at the extreme ends of 
any track. When the component 1s plotted 
agamst distance along the track, as 1” Fig. 6, 
Its effect 1s also a functm” of the offset dls- 
tance 

An u-,terestmg condltlon exists when the 
off set 1s zero, VIZ , when the track passes 
directly above the statlo”. On this track for 
all pomts, except the one over the station, the 
angle (C-B) IS zero, and hence the DME error 
does not contribute to the off-track error 
Directly over the statlo”, however, the servo 
c on t r o 11 e d bearing dial oscillates wolently 
sometznes makmg a complete revolution At 
this time the maxmum excursions of the course 
devlatlonindlcator wlllbe dxectlyproportmnal 
to the DME error The DME lndlcatlo” 1s 
proportlonal to slant distance which the com- 
puter Interprets as though It were horxontal 
distance and the dlfierence between these two 
appears as a” effective DME error mthe corn- 
puter for pmnts very close to the statlo” The 
practical result 1s that excursm”s of the de- 
vlatlo” lndlcator ~111 be directly proportmnal 
to altitudes above the ground when the arcraft 
IS dire c tly over the statlo” on a computer 
track. 

Another condltux, of mterest 1s that I” 
which the error 1” the DME distance mformatm” 
1s a flxed percentage of the d 1 s tan c e It 1s 
lnterestlng to note that such a give” fxed per- 
centerror produces a constantoff-track error 
which 1s praportlonal to the offset d 1 s tan c e 
for any track as 1s show” graphxally I” Fig 
b 

The errors uxtroduced by the computer 
Itself were determlned by a bench test I” the 
laboratory. The computer was energzed but 
the DME and bearmg servo mechanisms ulere 
disconnected The bearing and distance dials 
were posltloned manually to the nearest eve” 
dlvlslonfor several calculated values on varx- 
ous tracks. The calculated off-track e r r o r 
was the” subtracted from the observed off- 
track mdlcatlon to obta,” the computer error. 
The results are tabulated 1” Table I 

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

servo mechanism had a voltage output at stand- 
still which introduced a one mile off-track 
error, Th,s was elmunatea by carefully se- 
lectlng another servo motor assembly 

THEORY OF DISTANCE TO 
DESTINATION ERRORS 

Components of the dlsianre to destlnatlon 
errors can be separated I” a manner snnllar 
to that used for the off-track errors 

The followng equation 1s also derived I” 
Appe”dx I far the components of error lntro- 
duced by errors I” the bearing and distance 
l”formatlo” 

Distance to destlnatmn 

[ 

error caused by bearing 
and distance errors 1 

= d cos (C-B) - 0 017 b D sl” (C-B) 

In this case the DME e r r o r s have the 
greatest effect at the extremes of the track, 
while the efiect of a give” bearmg error 1s the 
same along any one track but 1s proportmnal 
to the offset distance D sl” (C-B) which 1s 
practxally constant for a give” track. 

Distance to destmatlonerrors Introduced 
by the c D m p u t e r were determmed by bench 
test and are give” I” Table I 

RESULTS OF FLIGHT TESTS 
OVER PARALLEL COURSES 

InFIg 7 IS reproduced a slmphfled map 
of test flights on this computer. The triangular 
s ym b o 1 1” the center represents the statlo”. 
The “umber “ear the center of each track rep- 
resents the offset I” miles, for example, the 
track numbered NlO 1s offset ten miles to the 
north of the statro” The straight lines rep- 
resent the Intended courses and the lines with 
arrowheads represent the actual tracks of the 
arcraft, the arrowheadlndlcatlng the dlrectm” 
offllght The devlatlonm miles afthe arcraft 
track from the Intended course can be readily 
estlmstedby notmg the proportlonbetween de- 
vmtmn and course spacing spacing for two 
courses 1s. of course, the difference between 
offset distances. 

The average observed off-track e r r o r 
without regard to algebraic slg” was 3/4 mile 
The serwce area of the statlo” 1s expected to 
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be wlthln 45 m&s of the offset pomt. The 
greatest single observed error wlthm that serv- 
xe area was 2 l/2 m&s. The greatest smgle 
error observed m these tests was threemiles 
at the extreme ends of track S38 A port,“” 
of this latter error 1s known to have been caused 
by a percentage change in the calibratmn of 
the distance measurmg equpment during this 
series of tests. 

The method of plottmg these computer 
tracks may be of mterest. 

During the flights, the pllot endeavored 
to keep the needle centered while either the 
copilot or an engmeer sat mthe copilot’s seat 
and plotted the path of the aircraft on detailed 
county maps havmg a scale of l/Z mch per 
mile At the begmnmg of these tests, the ob- 
server’s accuracy was tested by comparmg 
his abservatmn of the arcraft’s posltmn with 
thatobserved throughan ArmyType B-3 gyro- 
stablllzed drift sight The two observatmns 
were found to agree to better than 0.2 mile up 
to an altitude of 5000 feet 

1 he maps used were also compared with 
the sectmnal aeronautical charts and found to 
be m excellent agreement. 

Fig. 8 IS a reproductmnof the recordmgs 
of the course devlatmn mdlcator for three of 
the tracks shown m Fig 7. 

The heavily inked symbol represents the 
course devlatmn mdlcator, although only three 
of the five dots are shown here. It will be 
noted that the sensltlvlty of the pointer 1s l/2 
mile per dot Experience gamed during these 
tests mdlcate that the pllot can fly computer 
courseswlth satisfactory preclsmnlfthe 
sensltlvlty 1s as low as two miles per dot 
However, If ten-mile track separation 1s used, 
It seems adwsable that the ultimate sensltlvlty 
of the devlatmn mdlcator should be one mile 
per dot which would make the course width of 
the deviation mdxator ten rmles. 

In Fig 8 the term “offset pomt 1 1s used 
on the uppep and lower recordings to mdlcate 
the foot of the perpendicular from the statmn, 
which IS also that point on the track that 1s 
nearest the station It ~111 be noted that the 
recordmg 1s smooth near the offset pomt but 
that elsewhere the record suffers from a pe- 
rmdlcdlsturbance whose magnitude IS roughly 
proportionalto the distance between the air- 
craft and the offset pomt It has bee” deter- 
mmed that this disturbance 1s caused by a va- 
rlatmnof plus or nunus one degree I,, the omn, 

bearmg mformatmn, which 1s negllglble m the 
omm range receiver presentatmn, but shows 
up here because of the greater sensltlwty 0: 
the computer to bearmg error The period of 
the disturbance can be estnnated from these 
recordmgs, since each time dlvlsm” repre- 
sents 45 seconds, for example, the four dlvl- 
smns between eight and noon represent three 
mmutes I+ 1s planned to mmmuze this osal- 
lation by r e d u c 1 n g the sensltlvzty by two as 
previously mentioned, and also by addmg XI a 
s m a 11 amount of lntegratmn In makmg the 
flights Illustrated I” Fig 7 the p,lot mentally 
Integrated the pointer swing 

Althoughdistance to destination readings 
were made durmg the flights Illustrated I” Fig 
7. 1t was not practxal to precisely correlate 
these readmgs with the map. All that was done 
onthese flights was to determine that distance 
to destmatmn mdlcatmns were reasonably ac- 
curate However, one flight was repeated over 
tractNl0 ofFig. 7 man east to west direction 
takmg the data m a different manner Some 
of the tracks, such as NlO , are townshlplmes 
of the U S Land Survey and are vlslble from 
the air a s straight continuous lmes clearly 
marked by roads and farm boundaries. In 
making this flight over track NlO the p&t 
Ignored the course deviatmn mdlcator and flew 
the ?&-craft o” a straight trackalong this town- 
ship lme. Check points were selected m ad- 
vance at intervals of approximately five rmles 
All the co m p ut e r dials were read whenever 
the axcraft passed over one of these check 
pomts True bearmgs and true distances for 
each check pomt were determmed from the 
detailed county maps havmg a scale of l/2 
mchper mile The resulting data 1s contained 
1” Table II 

RESULTS OF FLIGHT TESTS 
OVER CIRCULAR ORBITS 

AROUND THE STATION 

In the lower right center of Fxg 1 IS a 
switch labeled “orblt or line ” If this switch 
IS throw” to the “orbit” posltm”, and the off- 
set dx.1 1s set to a distance such as 20 m,les 
to the left, then the pllot can fly a left hand 
circular pattern about the station by flying the 
devlatmn mdlcator with normal sensmg The 
flight paths shown m Fig. 9 were made m a 
manner smular to those of Fig 7, except that 
the orbltmg functmnof the computer was used 
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Fig 9 Slmpllfwd Map Presentatvx~ of the Data From Flight Tests 
Over Cncular OrbIts About the Statmn 

The perfect circles are the mtended orbltal CONCLUSIONS 
tracks,a,-,d the ad,acent tracks are those made 
by the ancraft. Bench tests of the computer Flight tests oithe experimental computer 
mdxated that of the errors shown m Fig 9, show that ,t has an average off-track err01 of 
onem& was contributed by the computer at a 3/4rmle and a maximum error of 2 l/2 m&s 
20-m& radms, 0.6 nule at a IO-mile radius. w~thmthe expected service range of the statlon. 
and 0.5 m11.s at a 5-m& rad,us. Errors I,, the distance to destmatlon or way- 
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point are found to be of the same order of 
magmtude , These errors are well w~thm the 
llmlts recommended by the January, 1947, 
Report of the Specml Radm Techmcal D~v~smn 
of ICAO. Soon there \-all be avaIlable navy- 
gatlonrecelversanddlstan=:emeasurlng equp- 
mats bult to more rigld speclflcatmns than 
those used m these tests, and as a consequence 
the errors of computer flymg ~111 be reduced 
to less than those shown m this report. 

Inprocurlng the experimental computer. 
s I z e and weight lmnltatmns were valved to 

o b ta III prompt d&very. With the prec~smn 
potentmmeters and autosyn umts of compact 
design now available, It 1s believed that the 
s1z.z can be reduced to that of a one-half ATR 
and the weight to approxmately 20 pounds 

Off-track errors of the magnitude found 
II, these tests would permit the use of ten-m& 
track separatmn with safety It may be noted 
that the portmn of the errors mtroduced by 
the transmttmg s tat 1 on does not affect the 
track separatmn because such errors affect 
all rece~vmg equipments allke 
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APPENDIX I 

Analys,s of the Computer Equatmn 
for Error Relatmnshlps 

The followmg computer equatmn for the paral- 
lel course computer 1s readily derived from 
the dmgram of Fig. 2 

Bearing and d 1 s ta n c e errors may be taken 
account of by rewrltmg the computer equation 
as follows 

plstance tq pstance tZ p 
Destmatmn + Destmatmn = Track 

If his assumed to be three degrees or less and 
dls assumedfour m&s or less, then the first 
and last terms on the right-hand side of equation 
(4) become less than 0 2 mile and therefore 
negllglble This assumption also makes sin b 
equal to b m radians and cos b equal to one. 

Wlththese approxunatmns, equatmn (4) can be 
rewritten as follows 

Off 11 Track = 0.17 b D cos (C-B) - d sm (C-B) (5) 
Error 

Smxlarly. the following equation can be set up 
far distance to destination error relations 

~~%~$i]=[~lna~+ D ~0s (C-B) (6) 

Introducmg b and d and expanding gives 

+ D cos b cos (C-B) - D sm b sin (C-B) 
k Waypomtl Error 

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

Subtracting (6) from (7) 

Distance to c 1 Destmatmn = (cos b-l) D cos (C-B) - D sin b sm (C-B) + d cos b cos (C-B) 
Errors 

- d sin b sm (C-B) (8) 

Assunmg b and d small as before and approx- 
where imating 

b = bearmg error in degrees ihstance to 

d = distance error m miles. 

[ I 

Destmatmn = d cos (C-B) 
ErF3lY* 

Expanding equation (2) gives 

D sm (C-B) cos b + D cos (C-B) 

+ d cos (C-B) sxn b 

Subtracting equatmn (1) from (3) leaves 

Off [1 Track = (I-cos b) D sm (C-B) + D sm b cos (C-B) - d cos b sm (C-B) + d sm b cos (C-B) (4) 
Error 
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TABLE I 

Bench Test Errors of Experimental Course Line Computer 

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

Calculated Observed Distance to 
Cmnl- Omm- Calculated Observed Off-track Distance to Distance to Destmatmn 

Offset BeerIng Distance Off-track Off-track El-lXlr Destlnatmn Destmatmn Correction 
(M~les)~ (deg) (mules) (m&s) (miles) (miles)* (mles) (m&s) (mles)“** 

Right 50 

Right 40 

Right 30 

Right 20 

30 100 0 00 
38 81 0 LO1 
51 64 5 RO 1 
68 54 0 ROl 
90 50 0 0.0 

112 54 0 ROl 
129 64 5 RO 1 
142 81 0 LO1 
150 100 0 00 

24 98 5 LO1 
30 80 0 00 
34 63 5 00 
54 49 5 00 
76 41 5 R03 
90 40 0 00 

104 41 5 R03 
126 49 5 00 
141 63 5 00 
150 80 0 00 
156 98 5 ROl 
18 97 5 R 0.1 
23 76 5 LO1 
31 58 5 ROl 
45 42 5 0.0 
72 31 5 00 
90 30.0 00 

108 31 5 00 
135 42 5 00 
149 58 5 ROl 
157 76 5 LO1 
162 97 5 ROl 

12 97 0 RO2 
16 72 5 00 
22 53.5 0.0 
34 36 0 ROl 
64 22.5 R 0.2 
90 20.0 00 

116 22 5 R 0.2 
146 36.0 ROl 
158 53 5 00 
164 72 5 00 
168 97.0 RO2 

LlO 
L17 
L 0.8 
LO2 
RO2 
R03 
RO 1 
LO4 
LO2 
LlO 
L17 
L14 
~06 

00 
00 

R05 
R03 
LO1 
LO3 
LO3 
L 0.6 
L 0.8 
L 0.6 
L 0.6 
RO2 
R03 
R04 

RO2 

R04 
R02 

0.0 
RO2 

00 
L 0.1 

0.0 
R 0.7 
ROB 
RlO 
R 0.6 
R 0.6 
R04 
R04 

L17 
~16 
LO9 
LO3 
RO2 
R 0,2 

00 
LO3 
LO2 
L 0.9 
L 17 
L14 
~06 
LO3 

00 
R 0.2 
R03 
LO1 
L 0.3 
LO4 
LO7 
LO7 
L 0.7 
L 0.6 
RC2 
R 0.3 
R04 
RO2 
R03 
R03 
LO1 

0.0 
0.0 

LO1 
L 0.1 
R05 
ROB 
ROB 
R05 
R 0.6 
R04 
RO2 

86 

64 

41 

22 

0 

22 

41 
64 

86 

90 

69 

49 

29 
10 
0 

10 
29 

49 

69 

90 

93 

70 

50 

30 

10 
0 

10 
30 

50 

70 

93 

95 
70 

50 

30 

10 
0 

10 
30 

50 

70 

95 

L 87 
L 63 
L 39 

L 19 
R 2 
R 22 
R 41 
R 64 
R 87 
L 91 
L 69 
L 48 
L 28 
L 9 
R 2 
R 12 

R 30 

R 50 
R 69 

R 91 

L 94 
L 70 
L 50 
L 29 
L 9 
R I 
R 12 
R 31 
R 51 
R 70 

R 93 
L 96 
L 70 
L 50 
L 29 
L 9 
R 1 
R 11 
R 30 
R 50 
R 69 
R 95 

-1.0 
t1 0 
+2 0 

+3 0 

+2 0 

00 

00 

00 

-1 0 

-1 0 

00 

+1 0 
+I 0 
t1.0 
+2 0 

-2 0 

-1 0 
-1 0 

00 
-1 0 
-1.0 

00 
00 

+I 0 
+1 0 
t1.0 
-2.0 

-1 0 
-I 0 

00 
00 

-1.0 
00 
00 

+I 0 
+1 0 
fl.O 
-1.0 

0.0 
0.0 

t1 0 
0.0 



17 

TABLE I (Continued) 

Calculated Observed Distance to 
Cmni- OTXl1- Calculated Observed Off-track Distance to Distance to Destmatmn 

Offset Bearmg Distance Off-track 
(mules)- (deg) (milts) (mles) 

Off-track Error Destmatmn Destmatmn Correctmn 
(Ides) (mlles)r* (mles) (mles) (InlIes)*.‘+ 

Rxght 10 6 95 5 00 RO2 RO2 
8 72 0 00 ROl ROl 

11 52 5 0.0 ROl R01 
18 32 5 0.0 R 0.2 RO2 
45 14 0 LO1 L 0.3 L 0.2 
90 10 0 00 ROl ROA 

135 14 0 LO1 00 ROI 
162 32 5 00 ROI R 0.1 
169 52 5 00 RO2 RO2 
172 72 0 00 ROl ROl 
174 95 5 00 ROl ROl 

0 0 100 0 00 0.0 00 
0 80 0 00 00 00 
0 60 o 00 00 00 
0 40 0 00 00 00 
0 20 0 00 00 0.0 
0 00 00 00 0.0 

180 20 0 00 00 0.0 
180 40 0 00 00 0.0 
180 60 0 00 00 00 
180 80 0 00 00 00 
180 100 0 00 00 00 

Left 10 354 95 5 00 LO1 LO1 
352 72 0 00 00 00 
349 52 5 00 LO1 LO1 
342 32 5 00 00 00 
315 14 0 ROl LO1 LO2 
270 10 0 00 L 0.3 LO3 
225 14 0 ROl RO2 R 0.1 
198 32 5 0.0 RO2 RO2 
191 52 5 0.0 R03 R03 
188 72 0 00 R04 R04 
1 8 6 95 5 00 R05 R05 

Left 20 348 97 0 L 0.2 RO2 R04 
344 72 5 00 RO6 RO6 
338 53 5 00 R03 R03 
326 36 0 LOI 00 R 0.1 
296 22 5 LO2 LO5 LO3 
270 20 0 00 L 0.3 LO3 
244 22 5 LO2 LO3 LO1 
214 36 0 LO1 R02 R03 
202 53 5 00 R02 R02 
196 72 5 00 R03 R03 
192 97 0 LO2 RO2 R 0.4 

95 L 97 
71 L 72 
52 L 52 
31 L 30 
10 L 10 
0 0 

10 R II 
31 R 31 
52 R 52 
71 R 70 
95 R 95 

100 L 99 
80 L 81 
60 L 61 
40 L 40 
20 L 20 
0 0 

20 R 21 
40 R 40 
60 R 61 
80 R 80 

100 R 100 
95 L 97 
71 L 72 
52 L 52 
31 L 31 
10 L 10 
0 0 

10 R 11 
31 R 31 
52 R 52 
71 R 70 
95 R 95 
95 L 98 
70 L 71 
50 L 50 
30 L 29 

10 L 10 
0 0 

10 R 11 
30 R 30 
50 R 50 
70 R 69 
95 R 95 

-2 0 
-1 0 
00 

+1 0 
00 
0.0 

-1 0 
00 
00 

+I 0 
00 

t1.0 
-1 0 
-1.0 
00 
00 
00 

-1 0 
00 

-1.0 
0.0 
00 

-2 0 
-1 0 

00 
00 
0.0 
00 

-1 0 
0.0 
0.0 

+1 0 
00 

-3.0 
-1 0 
00 

+1 0 
0.0 
0.0 

-1.0 
00 
00 

t1 0 
00 
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TABLE 1 (Contmued) 

Calculated Observed Distance to 
Omn1- OIIIIU- Calculated Observed Off-track Distance to Distance to Destmatlon 

Offset Bearmg Distance Off-track Off-track Error Destmat~on Destmatmn Correctxon -- 
(m&s)* (deg) fmles) (rmles) (m&s) (rmles)t* (miles) (Imles) (mlles)**~~ 

Left 30 342 97.5 L 0.1 R04 R05 93 L 94 
337 76.5 R 0.1 R04 R03 70 L 71 
329 58.5 LO1 R05 R06 50 L 51 
315 42.5 00 R 0.4 R04 30 L 30 

288 31.5 00 RO2 R 0.2 10 L 10 
270 30.0 0.0 0.0 0.0 0 0 
252 31.5 00 R07 R07 10 R 10 
225 42.5 00 R09 R 0.9 30 R 30 
211 58 5 L 0.1 LlO Rll 50 R 50 

203 76 5 ROl RlO Rll 70 R 69 
198 97 5 LO1 ROB R09 93 R 93 

Left 40 336 98 5 LO1 RlO Rll 90 L 92 
330 80 0 00 R14 R14 69 L 70 
321 63 5 00 R08 R 0.8 49 L 50 
306 49 5 00 R04 R04 29 L 29 
284 41 5 LO3 00 R03 10 L 10 
270 40 0 00 R04 R04 0 L 1 
256 41 5 LO3 R04 R07 10 R 11 
235 49 5 00 R04 R04 29 R 28 
219 63 5 0.0 R 1.5 R15 49 R 49 
210 80.0 0.0 R16 R16 69 R 68 
204 98 5 L 0.1 Rl 3 R14 90 R 89 

Left 50 330 100 0 0.0 RlO RlO 86 L 88 
322 81 0 ROl R17 R 1.6 64 L 64 
309 64 5 LO1 R07 R 0.8 41 L 41 
292 54 0 LO1 R03 R 0.4 22 L 21 
270 50.0 00 ROI ROl 0 L 1 
248 54.0 LO1 R08 R09 22 R 20 
231 64 5 L 0.1 R15 RI6 41 R 39 
218 81 0 RO 1 R22 R21 64 R 63 
210 100 0 0.0 R20 R 2.0 86 R 85 

-1 0 
-1 0 
-1 0 
00 
00 
0.0 
0.0 
00 
00 

fl 0 
0.0 

-2 0 

-1 0 
-1 0 
00 
0.0 

-1 0 
-1.0 
t1.0 

00 
+1 0 
+1 0 
-2.0 

00 

0.0 

+I 0 

-1 0 I 
+2 0 

+2 0 

+I 0 

t1.0 

*Note - In each of these bench tests the course angle ,.,a~ zero, and the along-track coo=- 
dmate was zero. 

**Note - The L (left) andR (right) symbols m the off-track error column refer to the dIrectIon 
IF, which the course dewatmn mdlcator deflects 

***Note - Th,s correctvan 1s to be added algebraically to the readmg of the distance to destl- 
natmn dial 
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