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CAA TYPE I COURSE LINE COMPUTER

SUMMARY

The CAA Type I Course Line Computer
was designed and built at the Techmcal
Development and Evaluation Center It was
installed 1n a DC-3 type airplane in Aupust
1948 and 15 still being used for test demon-
stration purposes

This report discusses the principles of
operation, the detai1ls of the circuits used
and the calibration and adjustments required
to make the Type I Course Line Computer
operable Also, discussion of the theory of
basic computers which lead to the design of
the Type ICourse Line Computer, and methods
of modifying the computer to use two bearings
or twodistances are presented and discussed

INTRODUCTION

With the conception of distance meas-
uring and aomnirange equipments, 1t was
realized that data were available to operate
adevice which would provide guidance and
distance mnformation to a point remote from
the radio station and thatsuch a device could
be very useful The DME and omnmrange
provided an airplane with a fix with respect
to the radio station, but unless the course
were along a radial to or from the radio
station, there was no direct indication as to
whether or not a desired course was being
made good, or of the distance to a desired
destination or waypoint The course line
computer provides such information When
the co-ordinates of a waypoint remote from
aradio station are set into the course line
computer, and the course-heading contrel 1s
set to the bearing of the desired course, the
course deviation indicator provides guidance
along the selected course and the "distance-
to~go' meter indicates distance to the selected
waypoint Also, when the co-ordinates of a
waypoint have been set into the computer,
the course-heading control functions in a
manner similar to the omnibearing selector
The straight line from the airplane to the
remote point may be determined by turning
the course-heading control until the course
deviation indicator 1s centered The magnetic
bearing from the airplane to the waypownt
may be read from the course~heading control,
and the distance from the airplane to the way-
point may be read from the ''distance-~to-go"
indicator

The fairst working airborne model of
course line computer was built by Minnea-
polis-Honeywell Regulator Co on contract

with the CAA Technical Development and
Evaluation Center This model was built
using components immediately avallable
without regard to weight It performmed sat-
1sfactorily and with a precision nearly equa
to the CAA Type I Course Line Computer
The Collins Radio Co produced the first
course line computer designed for commer-
cial use

RTCA Speci1al Committee No 31 on
Air Traffic Control recognized the value of
course line computers That committee
recommended that tests and development be
completed so that computers would be ready
for general use by 1951 In line with that
recommendation, to establish 2 minimum
state of the artwith respect to the manner of
setting in the data and presentation of indi-
cations, and to arrive at some reasonable
size and weight requirements for an airborne
computer, the TDEC has been actively in-
vestigating the computers built by various
manufacturers, and has built one develop-
mental model — the CAA Type I Course Line
Computer, whichis the subject of this report

THEORY QF OPERATION

Operation of the CAA Type I Course Line
Computer

The CAA Type 1 Course Line Computer
requires that three pieces of geographic data
be manually set in These are the polar co-
ordinates of the desired destination withre-
spect to the radio station and the magnetic
bearing of the desired course The co-
ordinates are designated as the destination-
distance co-ordinate and destination-azimuth
co-ordinate The destination co-ordinates
are derived from a map before the computed
course 1s flown, and are set into the com-
puter on the appropriate dials The bearing
of the desired course 1s set on the course-
heading di1al The distance measuring equip-
ment and omnirange receivers are turned on
and tuned to the desired station and the out-
put of the omnirange receiver 1s switched to
the computer The computer has the distance
and direction from the airplane to the radio
station servoed into i1t continuously This

'Francis T Gross and Hugh A Kay,
"Initial Flight Tests and Theory of an Exper-
imental Parallel Course Computer'", Tech-
nical Development Report No 83, dated
September 1948
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Fig 1 Components of the CAA Type [ Course Line Computer

information 1s combined with the map data
previously set and the computer produces
and presents off-course and distance-to-go
information on the course deviation and the
distance-to-go indicators shown in Fig 1

Geometry of Computed Paths

Referring to Fig 2, the radio station
at point 5 consists of omniranpge and distance
measuring ground equipments, magnetic north
being indicated by the arrow The desired
destination 1s indicated by point D, the de-
sired course by line CD, the position of the
airplane by pomnt P The polar co-ordinates
of the destination D with respect to the radio
station 8 are r_  and @ This information
must be read from a map and set in to the
computer on the destination-distance co-
ordinate and the destination-azimuth co-
ordinate dials respectively The polar co-
ordinates of the airplane with respect to the
ground station are r and 8 The magnetic
bearing of the desired course 15 8 The
displacement from course 1s e and the along
track distance-to-go from plane to destina-
tion 1s D It will be observed that the
d1stance§to—go D . 1s the distance along the
desired course from the destination D to a
line perpendicular to the course and passing
through P The distance-to-go will be the
same as the distance from the airplane to
the destination when the displacement from
COUrse e 1s zZero

A line 1s drawn perpendicular to CD
through station S and intersecting line CD at

point E  Angle PSE 1s designated as e, and
angle DSE as o, The displacement from
course 1s

e:rdCosaZ-rCOSul (1)

and the distance-to-go 1s

Ddzrd51naz+r51nu1 (2)

A lImme FGis drawn through S, parallel to line
CD The angle N5G = GC

Then
a1=9—9c-90 (3)
and
a2=9C—Bd+9U {4)

The computer continuously and simul-
taneously solves these four equations to ob-
tain € and D, and presents the results on
the course deviation 1ndicator and the
distance-to-go i1ndicator, respectively

The Computer Mechanism

To accomplish the above cperations in
the computer, the addition of angles required
togive @, and a, are performed mechamcally
The sines and cosines of a, and a, are derived
by means of rotating electro-magnetic re-
solvers The values are then modified by
potentiometers to perform the multiplica-



MAGNETIC
NCORTH

%

OMNIRANGE AND
DME GROUND STATIONS

DME DISTANCE

AIRPLANE

DISPLACEMENT/
FROM COURSE

C

AZIMUTH
CODRDINATE
B4
fe

DESTINATION COURSE

HEADING

DESIRED
DESTINATION
OR WAYPOINT

DESTINATION
DISTANCE
COORDINATE

fd

AL TICHCAL O CLormt T
‘anl) FRallié1i0N GINTER
CANAFDLLL mOiARS

Fip 2 Geometry of a Computed Path Using CAA Type I Course Line Computer

tions by r and r., and the sums are obtained
by means of parallel summing networks
This 1s shown 1n Fig 3

A 400-cps voltage E 1s applied to the
rotors of two resolvers, eachhaving a 2-
winding stator arranged so that the output of
one stator winding will be proportional to E
multiplied by the si1ne of the angle between
the rotor anda reference point on the stator,
and the output of the other winding 15 pro-
portional to E multiplied by the cosine of the
angle The stators are mounted in a sab-
assembly so that they may be rotated to-
gether, and are turned by the dial which in-
dicates course heading One rotor 1s con-
nected to a di1al which reads Destination-
Azimuth Co-ordinate The other rotor 1s
servoed to the omnirange receiver With
this arrangement, the angle between the
rotor and stator of one resolver 15 o, and
the angle between the rotor and stator of the
other resolver is a,, and the stator windings
produce voltages proportional toE Sin a, and

E Cos ey from one resolver and E Sin a, and

E Cos a, from the other resolver The out-
puts from the desiination-azimuth co-ordinate
resolver are fed to a dual potenticmeter on
which 1s set the destination-distance co-ordi-
nate r The output from the omnirange re-
solver 1s fed to a dual potentiometer which
1s servoed to the distance measuring equip-
ment Thus, the voltages on the wipers of
the destination-distance co-ordinate poten-
tiometer are proportional to Er, Sin a, and
Er, Cos a,, and the voltages on the wipers
of (%he distance measuring potentiometer are
proportional to Er Sin &, and Er Cos o

The two components of voIltage having cosine
terms are subtracted {one from the other)
through summing resistors to give a voltage
proportional tothe displacement from course
e =Er, Cos a, - Er Cos « The voltages
having sine components aré added to give a
voltage proportional to the distance-to-go
D, =Er, Sna, + Er Sin » In order to
1n%erpret these voltages on meters, they are
first fed to cathode follower amplifiers, then
to differential rectifier circuits to operate
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Fig 3 Computing Circuits of the CAA Type | Course Line Computer - Schematic Diagram

zero center dc mstiruments

DESCRIPTION OF THE CAA
TYPE I COURSE LINE COMPUTER

General

The wvarious components of the equip-
ment are shown mn Figs 1, 4, 5, 6 and 7
The equipment consists of four units joined
by an interconnecting cable a control box,
an amplifier unit, a distance-to-go indicator
and a course deviation indicator The control
boxweighs 7 5pounds, and the amplifier com-
plete with dust cover and shockmount weighs
21 9 pounds, so that the installed weight 1s
29 4 pounds exclusaive of indicators and
cables The control box contains the omni-
range phase shifter and servo motor, the two
resolvers, the destination potentiorneter and
the master power switch The rescolvers
are mounted inside of a cylinder The cylin-
der 15 supported on bearings at each end and
can be turned by the course heading dial
Connections to the resolver are made through
slip rings as shown in Fag 5 The destina-
tion-azimuth co-ordinate dial i1s on the shaft
of one of the resolvers The omnirange ser-
vo motor turns the shafts of the omnirange
phase shifter and the second resolver as
shown in Fig 6 The destination-distance
co-ordinate dial 15 connected to the shaft of
a 2-section heliopot potentiometer which
may be seen 1n Fig 6

The amplifier unit contains the omni-
range and DME servo amplifiers, the phase
shifter adapter amplifier, the two indicator
amplifiers and the DME motor and potentic-
meter The servo amplifiers and phase
shifter adapter amplifier were built 1n indi-
vidual sub-chasses plugged mnto the main
chassis by means of octal tube bases and
sockets as shown in Figs 4 and 7 A
schematic wiring diagram of the computer 1s
shown in F1g 8

DME Servo

To obtain a potentiometer setting pro-
porticnal to the DME range voltage, the DME
motor 1s made to drive the wiper of poten-
tiometer R12, Fi1g 8 Potentiometers R13
and R42 are adjusted to give the proper cali-
bration of the DME servo The potentiometers
are enerpgized with a voltage from the DME
plate supply., so that variation 1n the DME
plate-supply voltage will not effect the set-
tings of the DME servo The DME distance
signal 1s fedthrough a rate network R16
and C6 to the input of the DME servo ampli-
frer and back to the wiper of potentiometer
R12 1If the voliage on the wiper of R12 15
equal to the distance signal, there will be no
mput voltage to the DME amplifier, 1 e |
across resistors R14 and R15 The circuit
network which includes R14, R15, R17, R57,
R58, C29, T4, RA5, RA6, RA7 and RAS8 1s
a ring rmmodulator which converts the dc volt-
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age appearing actoss resistor R14 and R15
into an ac voltage appearing across the out-
put terminal of transformer T4 Four stages
of rlass A resistance coupled amplification
follow transformer T4 and drive a discrim-
inator stage The discriminator consists of
two 6V6 tubes which have 400-cps voltage
applied to their plates from each end of the
secondary winding of transformer T252 The
center tap of the transformer winding sup-
plies the signal phase winding of a 2-phase
motor which drives the wipers of R12, R26
and R27 Thus, 1if there 1s a change 1n the
DME distance signal, there will be a dc
voltage applied to the amplifier which 1s
converted to an ac signal, amplified and
applied to the control grids of the 6Vé tubes
This signalwill be in-phase with the ac volt~
age applied to the plate of one 6V6 and that
tube will conduct Howewver, it will be 180°
out-of-phase with the voltage applied to the

] T ll

Fig 4 CAA Type Il Course Lane Computer Amplifier Umit Left Oblique, Cover Rermoved

plate of the other 6V6, and that tube will not
conduct This permits a half-wave recti-
fied current to pass through a single phase
of the distance motor M2 A condenser in
paralle! with the signal phase of the motor
filters the discriminator cutput so that the
motor receives 400-cps signal voltage and
runs to drive the waper of R12, so that the
voltage from that wiper to ground 1s equal to
the DME distance signal The reference
phase of M2 1s supplied from a secondary
winding of the power transformer through a
phase shifter condenser C28

Omnirange Servo

Voltage from the ommirange receiver
which normally would he fed to the course
deviztion indicator 1s brovght into the com-
puter amplifier umit through terminals D and
E of the omnirange recelver connector [tis
fed through resistor R2 and condenser C4 to
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Fig 7 CAA Type Il Course Line Computer ""Plug-In" Amplhifiers, Removed From Main

Chassis, Left Side View

a dc/ac converter network This network
consists of R49, R50, R51, R52, R53, C21
and crystal rectifiers RAl and RA2 The
output 15 coupled through condenser C22 to
the grid of an amplifier The output of this
modulating network1s equivalent to that used
in the DME amplifier However, 1t elimin-
ates the need for an input transformer Four
stages of class A amplification follow the
modulator circuit and feed the control grids
of two 6V 6 discriminator tubes as in the case
of the DME servo The center tap of the
secondary winding supplying the discrimina-
tor feeds the signal windings of the ommnirange
servo motor housed in the control box, and
drives the omnirange phase shifter M3, re-
solver M4 and velocity generator M6

The velocity generator Mé1s a 2-phase
asynchronous generator, one phase being
excited fr om transformer T254 which also
excites the reference phase winding of the
omnirange servo motor M1 When the shaft
of the velocity generator M6 1s not turning,
there 1s only a very small residual voltage
induced in the signal phase However, when
the shaft i1s turning, there 1s a voltage 1n-
duced into the signal phase which 1s propor-
tional in amplitude to the velocity of rotation
of the shaft and which1s of a phase determined
by the direction of rotation of the shaft This
velocity voltage 1s fed back through R3 and
C4 to the input of the servo amplifier, and
supplies a damping or anti-hunt signal

The phase shifter M3 used i1n this com-
puter 1s equivalent to the ones used with the
Collins Type 51R-1 and 51R-2 receivers
However to use this phase shifter with the
Aircraft RadioCorp Type ARC-15omnirange
recelver 1t 15 necessary to match the phase
shifter irnpedance to the ARC-15 receiver
This 1s done with the phase shifter adapter
circuits These circuits consist of 1, 000-
ohm resistors i1n each phase of the incoming
signal and an amplifier in the rotor circuit
of the phase shifter, so that the output to the
Tecelver appears across a 100,000-ohm
resistor R45

Computing Circuits

The computer circuits (describedunder
Theory of Operation) are enerpgized as fol-
lows TI1585 supplies 15 volis, 400-cps, which
s fed to the rotor windings of the resolvers
contained in the control box Voltages are
induced 1n the stator windings of the resolvers
which are proportional to the sine and cosine
of the angles between the rotor and stator
windings Inthe destination-azimuthresolver
the angle between the rotor and stator wind-
mngs 1s produced by turning the stator wind-
mngs through an angle egual to the course
heading, and the rotor windings through an
angle equal to the destination-azimuth co-
ordinate |n the omnirange resolver the
angle between the rotor and stator windings
15 produced by turning the stator windings



through an angle equal to the course heading,
and turning the rotor windings through an
angle equal tothe omnirange indication The
omnirange resolver rotor 1s positioned by the
omnirange servo motor Referring to Fig

8, the voltage appearing hetween slip rings 1
and 51s equal to E Sin a,, between slip rings
2 and 51t 1s equal to E Cos a,, between 3
and 5 1t 1s equal to E Cos o,, and between
4 and 51t 1s equal to E Sin'« These voli-
ages are fed to potentiometérs R26, R27,
R28 and R29, respectively The wipers of
R28 and R29 are adjusted by the destination-
distance co-ordinate setting and the voltages
appearing on them are equal to Er, Cos a

and Er ,Sin o The wipers of potengiometer
R26 ang R27 dre adjusted by the DME servo
motor and the voltages appearing on these
wipers are equal to Er Cos &, and Er Sin e,
respectively The voltage ‘on the wiper of
R28 15 added to the voltage on the wiper of
R27 through summing resistors R30 and R31
and the resultant voltage 1s applied to the
grid of the course deviation amplifier The
voltages on the wipers of potentiometers R26
and R29 are added together through the sum-
ming resistors R22 and R23 and applied to the
grid of the distance-to-go indicator amplifier

The displacementfrom course 1s indicated by
the course deviation indicator used for local-
1zer and ommbearing indications The course
deviation amplifier has an output sufficient
to give five dots deflection for a displace-
ment from course of five miles A modified
radio altimeter indicator 15 used for the
distance-to-go indicator The distance-to-
go amplifier produces an output such that
full scale on the indicator represents about
75 miles

Alarm Circuit

The alarm circuit monitors the plate-
supply voltage in the computer, signal in the
DME gate and the phase shifter transfer re-
lay, and performs the usual indications for
the omnirange recewvers These functions
are accomplished by a relay operated by the
computer plate-supply voltage, another
operated by the DME alarm and a pair of
contacts on the phase shifter transfer relay
The contacts of these relays are connected
mn series with the flag alarm of the omnirange
receiver m such a manner that the failure of
any one of the four monitored circuits causes
the flag ci1rcuit to open and the course
deviation indicator flag to come 1nto view

Power Circuits

The power supply for the computer 1s
quite conventional Two transformers are
energized from the aircraft 110-volt 400-cps
single phase supply by grounding the power-

supply switch in the control box One trans-
former supplies signal voltage for the com-
puter, the indicator amplifiers and the modu-
lator circuits The other transformer sup-
plies the plate-supply rectifier tube, the
discriminator tubes, the reference phase of
the motors and the heaters of the tubes

TESTS AND RESULTS

Adjustments and Calibration

After the computer was constructed, it
required the control dials to be properly
oriented, the phase adapter amplifier to be
calibrated, and the distance-repeat-back
potentiometer to be calibrated For these
purposes atest mockup was made An
Aarcraft Radio Corp Type ARC-15 recewver
was connected to a Collins Type 4795 signal
penerator and the output of the receiwver was
fed to the computer This provided omm-
range signals for testpurposes A Hazeltine
Model 1355 distance measuring equipment
and Aircraft Radio Corp Type H-13A signal
generator provided distance signals

The dials were oriented as follows

The destination-distance co- ordinate
dial was set so that zero indication corre-
sponded to zero resistance between the wipers
of potentiometers R28 and R29

The course~heading dial was oriented
by first setting the destination-distance co-
ordinate dial to zero rmiles A medium dis-
tance si1gnal {approximately 50 miles) was
then fed to the DME servo circuit The rTe-
solver cylinder was rotated until the voltage
across the slip rings 1 and 5 on the resolver
cylinder was zero The course-heading dial
was then adjusted to read 180° or south

The destination-a zi1muth co-ordinate
dial was adjusted by first setting a distance
of approximately 50 miles on the destination-
distance co-ordinate dial The shaft of the
destination-azimuth co-ordinate resolver
was adjusted so that the voltage between slip
rings 4 and 5 was zero The destination-
azimuth co-ordinate dial was then set to 180°
or south The distance-to-go meter was ob-
served to read a positive distance

The DME servo was calibrated next
Both the course-heading dial and the destina-
tion-azimuthdial were set to 0"or north The
destination-distance co-ordinate dialwas set
to zero distance A zero miles signal was
fed from the DME to the computer The DME
servo zero adjust potentiometer R13 was
adjusted so that the distance-to-go meter
read zero Next, the destination-distance
co-ordinate dial was readjusted to 70 miles,
and a 70-rmle signal was fed from the DME
to the computer The DME servo linearity
potentiometer R42 was adjusted so that the



distance-to-go meter read zero After this
adjustment was made, the zero miles setting
was checked Then a calibration curve was
taken by comparing the distance signal fed
from the DME with the setting of the destin-
ation-distance co-ordinate dial required to
give zero distance-to-go indication

Next, the distance-to-go meter was
calibrated Withthe destination-distance co~
ordinate dial set to zero, the deflection of the
distance-to-go meter was noted for each 10-
mile signal from the DME  These positions
were laid out as a scale for the distance-to-
go indicator The following procedure was
used to adjust the phase adapter amplifier
The destination-distance co-ordinate dial
was set to zero and a distance signal of ap-
proximately 50 miles was fed to the DME
servo amplifier Under these conditions the
course deviation indicator was centered when
the direction signal supplied by the omnmrange
receiver was 0°, or north, and the course-
heading dialalsowas set tonorth But, as the
signal from the omnirange receiver was
varied, the course deviation indicator did
not center when the course-heading dial was
set to the same value as the omnirange re-
cewver si1gnal A curve of receiver signal
versus difference between receiver signal
and course-heading dial setting to center the
course deviation indicator was plotted
This curve had a prominent double frequency
component which i1s characteristic of error
curves 1h omnilirange receiwvers Jt was
found that changing the values of resistors
R46 and R48 1n the phase shifter amplifier
greatly affected the shape of the error curve
With some selection 1twas possible to reduce
this errorto a satisfactory value After this
was done, 1t was necessary to readjust the
course-heading and destinatiocn-azimuth co-
ordinate dials as described previously

Accuracy of Calibration

After the previously mentioned calibra-
tions had been performed, anumber of
courses were synthesized, using the test
equipments used for the calibration During
these tests the course deviation error was
never motre than one-half mile, and the arrival
at destination error was never more than one
mile However, 1t was found that the course
deviation and distance-to-goindications con-
tained variable errors of as much as ten per
cent which were a function of the 400-cps
supply voltape These percentage errors do
not affect the zero indications, hut affect
only the sensitivity of the indications Thus,
the course dewviation indicator accurately in-
dicates when the chosencourse 1s being made
good, butin case of a departure from course,
the deflection of the course deviation indi-
cator for a given departure 1s a function of
the supply voltage Likewise, the distance-
to-go 1ndicator accurately indicates the ar-
rival of the airplane at the waypoint How-
ever, whenthere 15 an indication of other
than zero on the distance-to-go indicator,
that indication varied with changing supply
voltage

Flight Tests

The CAA Type I Course Line Computer
was first mstalled in TDEC airplane N 181 in
July 1948, and was checked and found oper-
able Although priority of other work pre-
vented the making of a flight specifically to
determine the over-all accuracy with which
courses could be made good over the ground,
observations made by engineers and pilots
substantiated the findings made during the
bench tests The computer was used very
extensvely in conjunction with demonstrations
of omnirange and DME equipments and was
still in operation during 1950



11
10 F/rarE S
PN N
. £ - SYMBOLS
ut :
l Tk $—A .R'-‘!"— lcz (1 4 . Bt o wrn.
I G2 wwro I i B I ooe )
OMNI  AMPLIFIER ¥ e = PHASE SHIFTER ADAPTER it GRID
_J__-"o] B : NAVIGATION RECEIVER auﬂ ZR2
= A 280MUF, 4
na [ maz ¢ TR v L {0
w5 e o ‘ !l [-1- 20 W
SRes s | S -~ PLATE  GROUND
62l 2 e p—~{ L ave
« T ¢ o1 uFp vl GENTRALAB
2ot th ¥ COUPLATE
E .l L] - . " N . ‘xs
WL ANA—ANAA—ANAA- $— Bl i . sLuE
fioGEETE ] L Al =
2 3 Y gRo4 ARC- 15 B e
a - - r RSS RECEIVER. o
° 9 [ = LN RE3|  Sree o . ® -
2 ‘n hcplaals Ld l o T T : B a
- L ; o = o H 8 ™) L P & -
LAGK = = } ¥ m - M COMPUTER CONTROL 80X .
hbhan £ 3, ; : % 2 3 o |28
= 2 & 2 = |ew
B a8 2 F = ¥ YELLOW
= == HEATER I “ gy
°a g 'IRI - © B i ] YeLLOW
o . ) | (- i- - n 2 &a = & [2
SREEH wi g il x|
- . L 5 g 3 ejgs Le—oRr—sl LLL :
. T28( - = > )
o L e neo . sov.er. Y o 1265 Ho—c8 —oH : (
2R Seow T:IBL:: JELLOW . I— % = I o—— 2
e BROWN _BROWH 1, L SRO¥
ol O nLoE ,\:tl\:.gs F 1) ——t J e (Y3 o
oo I 1T ——7 Back M3
:;I.-::I o : nRaAMIE ForELgw ' anet Ke—Gl—ok o PHASE BHIFTIR
- ' o 0 MO—— (|3 —e M —e
| T s, P Al ok gt = LY
LB T g | ] ns . T254 : = ge—oz ) urs) i
I = _L_:L o', e+ 22, 24,E0, OR LAY, ]—"“L-nco—-cs—cco-—-—-ﬂ T —
DME AMPLIFIER t = \ - SO 1V Z| ne . SLACK
ra HE H HE R i B33 ) RED H @uo e
ks iY ke H i E’tv’ 3,;3,,' SLUE Do—C4—oD - 3|;um¢
COUPLATE] | ICOUPLATE i A4 /3l 3 nED ne
i H 4l i  ARAAASHITE Fo¢——G8 —<F o= =—=== U
) Ta Al itelad L e wd Y — = RESOLVENS :
3 .l __L Rl Bo——C7 —o@ x YELLOW H
T -t T " 0 o8 2 -0 NO—Cl4—=N RO & o :
L 3 o N ¥ “ w H
. : . o i
me WG| = v S 2 Llaels =
10K RI12 Icgm 281 | R N F35 18,12, OR 10V, § ) EE / £ g s
= Hf 14 g Oy H
D T L | Ao y z§|
MR 1 7 i N 5 25 | zaflum s
= - o
E4i1 4 = (<1 1 <0 ol
b4 » o ey j ALY ORANGE oY1= Eu‘/= “loaer s 2
i?.%?., 3 g™ _I_ 1. Feg £ ,'_4@_ H
3 2 ]
= * il 4 s LG8 3hse -oBel-2 e wack . -
= ; erm o= °
x® RAIZ gheo Foa (o w
¥ . TS PANTY ve k2 5 F 1 g
5 3 5 e JER RN lall I i |3
;..’; ] v W 268 o P/ RaIS § : o
'¢_§ 20 e L --’Ru R < )
z : 3 o L LN iy A o
T = =
2 piLOT 2 :&c\g}fx%ww,, : & DESTINATION AZIMUTH
o o el E - LW GOOROINATE
L ROWN = '
afo |
ofe ) -
] a
oo [ & -..-vo%
oHo Agdde d b, by G0N a
 |rsed : : Tip . LAK o po
ols 100n 3, cl4 SIGNAL L’ ]
DisT. 518 0 p o] R26 AnSREEN Y TH Mt < 1ouro ¥ : T H
R32 : i J.l: = .0, 08 sv. 2 cog ek S
5+ ooy ge; | BLUE A AR ] 1 o IDUANAFOLIS, BOUANA
—NY Gl z . 2 5 g
oo o0 R2T angwH ] - uls
auamM, zx " ; b aid ) : EH i
NELAY =/ WHITE P}A'.' Y ) POWER 4 I
oLo 190K B 'l\ 13 H E '
. - -
oM LW‘_Gﬁ.'L'.'ﬂﬂE— . RIS é 1%
oNs ’ FUsE a
enr.rom? T _YELLOw YELLOW £l 4k
morcATOR,
gy
T~y

Fig. 8 CAA Type I Course Liné Computer, Schematic Wiring Diagram



APPENDIX I

Some General Considerations
of Computed Courses

The CAA Type I Course Line Computer
evolved from analytical geometry considera-
tions and polar co-ordinate data that could be
obtained from omnirange and distance meas-
uring information Thus, referring to Fig
1A, 1fnorthis used as the reference direction,
the angle 6 measured clockwise from north,
and the distance D measured from the radio
station to P {any point within the range of the
radio station) then the two pieces of data, ©
and D, define a unique fix with respect to the
station

A course line computer can be any
mechanism or electric circuit which will in-
dicate whethe r the position of an airplane,
as given by the above data, satisfies a pre-
determined formula A simple formula 1s

Sin 8-D =e

where e 1is the error voltage and 1s a meas-
ure of the displacement of the airplane from
the computed course This equationdescribes
a circle of diameter D, passing through the
station and having its center on a line 90°

om the reference line and at a distance
=1 from the station The mechanism of a
computer which will solve this equation 1s
shown in Fig 1B and consists of a poten-
tiometer energized from a voltage source E,
having 1ts wiper movement proportional to
D, and a sine-taking resolver having voltage
E impressed on 1ts primary winding and its
rotor turned through angle © The outputs of
these two components are connected in series
and thei1r difference 1s measured For an
airplane to make good the desired circle, it

SINB=D

\ / SING D=e

Fig

12

would be flown so as to keep the difference
equaltozero A conceivable applicationwould
be to have the radio station aboard an air-
craft carrier with the reference line along
the ax1s of the carrier Then the airplane
could be made to approach the fantail of the
carrier in a pattern similar to that which 1s
often used aboard aircraft carriers today

Anaother conceivable use of this type of
computer might be to replace the localizer
for runway approaches This would provide
a turn out of a down-wind approach, much as
1s used under present day visual flight rules
conditions This might prove very desirable
under certain traffic conditions However,
present day ommrange and DME equipments
do not provide suificiently accurate data for
this application A second type of computer
15 indicated in Fig 2 Inthis type of com-
puter, astraight-line paralleltothereference
ax1s 1s desired From analytical geometiry
considerations, Fig 2A the equation of the
straight line AB 1s

Dsin@ =K

For computer operation, this equation should
be rewritten

Dsinég-K-=e

where e 13 error and can be used to correct
the airplane back tothe line AB The electri-
cal circuit shown 1n Fig 2B consists of a
voltage source fed to a manually adjustable
potentiometer, where the constant K 15 set
in, and to a potentiometer which is adjusted
proportionately to the distance D The output
of this potentiometer inturnfeeds a resolver
which takes the sine of the angle 8 The two
voltages are then connected so as to meas-
ure their difference, e =D smn @ - K

P (T —

‘D-VVUVV\{W-

m

E SIN G

1:]]

1 Basic Computer for a Circle
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DSING=K
DSINB-K:=e

Faig

This simple computer will give course
guidance along the line AB, but does not
provide a way to show progress along that
line or for choosing lines at any angle ex-
cept parallel to the reference direction The
bearing of the line AB may be changed if the
frarme of the resolver can be adjusted from
a reference point independently of the rotor
of the resolver If this can be done, then the
angles, through which the frame and the
rotor are moved, are mechanically added
and the computation 1s done for a line having
a bearing of © as shown in Fig 3A

Progress from the base of a perpen-
dicular to the course line through the station
can be obtained if the resolver gives the co-
sine of the angle 6,, or the difference of the
angles 6 - 0 Thiis, 1n 1ts simplest form,
a computer lélo supply off-track and distance~
to-go information consists of the equipment
shown in Fig 3B

In this computer, the factor K, 1s the
distance along the course from the foot of

{A)

P
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m
o

:
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2 Basic Computer for a Straight Line

the perpendicular through the station to the
desired destination, or waypoint The factor
K, 1s the distance along the perpendicular
fram the course to the station Since 1t 1s
desirable to work with a given destination or
waypolnt rather than a perpendicular to a de-
sired course which changes with each course
heading to the desired destination, 1t was
decided 1n desigming the CAA Type I Course
Line Computer that a destination potentio-
meter and resolver would be used to obtain
the perpendicular component of voltage and
the along-track component of voltage neces-
sary to set into the computer 1n Fi1g 3A to
get off-course and distance-to-destination
information, also, for impedance matching
reasons, the resolvers were put ahead of the
potentiometer This resulted in the resolver
circuit shown in Fig 4, which1s discussed
in the earlier paragraphs of this report
Giving further consideration to the com-
puter shown in Fig 1, a 4-leaf rose pattern
1s generated 1if the resolver 1s geared toturn

3.
k)
K, EK,
— * Y Dy

ED COS 82

' ‘ED SIN ;a'
Kz EK, e
¥ 0

da VECHAICAL DEYRLAPREAT

[=t— [T —ja
Q
bt M
L]
=]
~

ARE EYALUATION CENTAR
{B} [CLTLIT VTR 1]

Fig 3 Development of Straight Line Computer to Provide for Any Direction of Course and

"Distance-to-go” Computation



14

R GOURSE
HEADING

|0Mm Y }____, DESTINATION
SEAVO AZIMUTH - — 4
= COORDINATE =
——— —~ —focstinaTion
DISTANGE
—AAA~ + COORDINATE
~\ DISTANCE GOURSE ,
TO GO DEVIATION ot
I INDIGATOR L INDICATOR

Fig 4 Further Development of the Straight Line Computer to Eliminate Need for Offset
Distances - The CAA Type [ Course Line Computer

twice as fast as the angle 8 The mathemat- If the equation D - 51n 38 = e 15 used
1cal equation 1s in the same computer, then a 3~leaf rose 1s
generated as shown 1n Fig 5B Thus, 1t
D - 51n 28 = e 15 fairly obvious that any figure whichcan be
represented by a simple equation based on
The computer circuit 1s the same as that of polar geometry can be represented by a
Fig 1B However, the pattern 1s as shown number of potentiometers and resolvers con-
in Fig 5A nected in the proper order Thus, consider

was Mae

1 )

D SIv2E D SIN34

w @ et o

Fig 5 Multi-Leafed Rose Computer Courses
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Fig 6 A Computer for a Remote Circle

the polar equation for a circle located re-
maotely from the origin Such a circle 1s
shown in Fig 6A The computer equation
15

2 2

D? + D - 2DD, Cos (8- 0)) -R” = e

1
In F1g 6A, D represents the distance from
the origin to any point on the circle along a
line at an angle & from the reference line,
D. represents the distance to the center of
the circle along a line at an angle 8. from
the reference line and R 1s the radius of the
circle The electrical circuit 1s shown in
Fig 6B KEach factor in the original equa-
tionis represented by an element i1n the com-
puter circuit and each term, as shown 1n ths
equation, 1s energized from an 1solated volt-
age source It will be noted that, throughout
these examples, the resolvers have been in-
dicated as electro-mechanical devices having
magnetically coupled rotor and stator wind-
ings This type of resolver 1s readily avail-
able commercially and presents the advantage
of havinga relatively low impedance level and,
therefore, being comparatively free from
loading effects However, any device which
will extract a sine or cosine as needed and
will {1t :n with the impedances being used 1n
the related circuits can be used One com-
puter has been built usi1ng potentiometers
wound ona square form with two wipers
wnich moved i1n a circle around the center of

the square winding, thus producing sine and
cosine voltages of the displacement of the
wipers from the axis of the winding

The circular pattern indicated in Fig
6A read1ly suggests a method of forming a
circular holding pattern in the presence of
strong cross winds, and a method of smoothly
transferrting from one straight-line computed
course to another

The circuit shown 1n Fig 4 can be
modified to produce circular patterns as
shown in Fig 6A by changing 1t as shown in
Fig 7 The course deviation signal indi-
cated in Fig 415 usedto drive a servo
motor which 1s connected to the course-
heading dial A pointer on the shaft of this
motor will, at all times, indicate the direc-
tion to the destination, or center of circle
Then the distance-to-po indication i1s com-
pared with a veoltage set proportional to the
radius of the desired circle Thus if the
distance iromthe destination or holding point
15 held constant, the airplane will make a
circle about the holding point, the bearing of
the holding point from the airplane always
being indicated by the position of the course
heading servo

This approach tothe problem of course
line computers provides a fairly simple meth-
od of producing any desired track in space
which canbe defined by an algebraic equation
having only linear or sine and cosine terms



Fig 7 Modification of the CAA Type I Course

Circle Course

APPENDIX II

Computers Based on Two
Bearings or Two Daistances

Thus far in this report, all computer
operation has been based on distance and
bearing information received from one
ground station location Undoubtedly, thas
type of information provides the simplest,
most straight-forward data for the operation
of course line computers However, under
certain conditions, 1t may be desirable to
have courses computed from other data In
view of the fact that the present omnirange
program 1s well advanced, while distance
measuring equipment 1s available only on an
experimental basis (at this writing), there
may be a period when courses based on data
from two omnirange stations will be of oper-
ational value Also, 1t 1s possible that
courses based on distances from two stations
may be of sorne value The following dis-
cussion will show how data from two ommni-
range stations or from two DME stations can
be used for course line guidance The two
bearings, or two distances will be used to
find a bearing and distance from one station,
and the course line computed by the methods
used with the Type I Course Line Computer

The 2-Bearing Computer
In Fig 8, two ommrange stations are

Line Computer Circuits to Provide a Remote

located at points S5, and 5 The distance be-
tween the stationsis T2 2] 5 18 the bearing
from S5, to 5, and 8, 15 the ]'bearmg from SZ.
to S ]The %earmgufrom Sl to the airplane
at P 1s 8,, and 0, 1s the bearing from 5, to
P 1 2 2

In the triangle Sl SZ P,
BIZ = 921 + 180
@3 =9, -9
@ =9, -8,

= 180"—(0'3 +a4)

Using the law of sines,

Sil.&_ = &
o, Sina,
or

T, Sin ag=r Slnf.!s

For computing purposes

rlZSm a, - r Sin a; = e
From this equation, r may be computed
using the electro-mechanical circuit shown
in F1ig 9 Using thas circmt, r and 6. pive
adistance and bearing fix of the airplane
position P from station Sl' and may be fed
into a Type [ computer
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Fig 8 Geomeiry of a 2-Bearing Computer
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Fig 9 A Course Line Computer Based on Bearings From Two Ommrange Stations
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The 2-Ihstance Computer

In Fig 10, two DME stations are lo-
cated at points 5. and S The airplane P 1s
at distances r and r %rom stations 5. and
5., respectWelly Then, 06, 1s the bearing of
the airplane Pfrom 5,, and 8. | 15 the hearing

1 12

of S2 from S1

Then

8 =8, - a5

Using the law of cosines 1n the triangle S1

S, P

2
2 _ 2 2

Tp STy try -2r,TyCos oy

or rewriting the equation for servo operation
2 2 2 _

Tp “Tyz " tir, Ty Cosay=e

This equation may be solved for a, by the

electro-mechanical circuit shown 1n E‘lg 11

and the results combined with 6.  and set into
12

the Type I computer

TECRACAL DTLE e 1
g CeALL O CC TR
- RS o

10 Geometry of 2-Distance Computer

Disadvantages of the 2-Bearing
and 2-Distance Computers

The methods presented for the course
line computers, based ontwo bearings or
two distances, are not intended to represent
the only solutions to these problems How-
ever, as compared with the course line com-
puter, based on onebearing and one distance,
the Z-bearing computer and the 2-distance
computer each possess the following dis-
advantages

1 Two additionalpieces of map data must
be set into the computer These are the
distance and direction between the ground
stations

2 One additional servo must be added to
the computing circuits

3 There are certain Tegions where
small errors 1n the radio information give
unreliable computer indications This 1s
shown for the 2-bearing computer 1n Fig
12

The method used for the calculation of
the contours of error 1s developed 1n Fag
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13 Assume points L and M are omnirange
stations located 100 mles apart and point P
1s an airplane In the 4 LMP measurement,
the angles A and C may be mnerror by %1°
Then the area around P, bounded by the
quadralateral NOSR, 1s the region of error,
and the maximum error will be either NP or
OFP Values of NP and OP were calculated
and the larger of the two plotted to give the
contours shown in Fig 12, the errors being
shown in miles for stations located 100 mles

DISTANCE
TO GO
INDICATOR

11 A Course Line Computer Based on Distances From Two DME Stations

apart, and 1°over-all bearing error for each
station

A similar plot can be made for courses
based on two distances In addition, the 2-
distance computer 1s subject to an ambiguity
due to the fact that the point P, Fig 10, may
lie on e1ther side of line S1 5 This am-
biguity can be resolved, but 1%5 resolution
imposes an additional mechanical require-
ment on the equipment
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Fig 12 Maximum Errors in a Course Line Computer Based on Bearings From Two
Omnirange Stations
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Fig 13 Method of Calculating Errors in 2-Bearing Computer
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