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CAA TYPE II AUTOMATIC FLIGHT AND NAVIGATION EQUIPMENT* 

SUMMARY 

This report dlscusses the operatmn of the CAA Type LI Automatic Flight and Navlgatmn 
Equrpment and describes some of the arcruts wtich were combmed m It. Basically, the 
equpment 1s an axborne course-lme computer whrch operates upon data from a self-contamed 
storage urut and from omubearmg-distance (OBD) mformatmn to produce left-right grudance 
along a selected course and to provide airplane-to-waypolnt-plane-distance mdlcatmns. 
AddItIonal features which make the equpment uruque are the data-storage and read-out 
arrangement and the method of combmmg course-devlatmn and headmg signals to produce 
improved automatic flight along a rather wide course-lme-computer course. 

The equpment 1s swnple to operate but requres detailed preflight plannmg, and Its in- 
flight use, while not confmed io any partzcular sequence of courses, 1s lmuted to courses 
correspondmg to data stored I,, a punched tape. There 1s provlsux, for storing data for 300 
courses. These may be course-lme-computer courses, automatic ILS approaches, 01 mag- 
netlc headmgs. A particular course may be termmated at any tune by the selectmn of a 
dlfterent course, or the courses may be flown m sequence. When the courses are flown in 
sequence, the eqlupment ~111 automatxally set m the data and ~111 transfer control to the next 
succeedmg course each time the airplane arrives at a waypomt. Prov~smn for holdrng pat- 
terns IS made m the equpment by arrangmg two parallel conrses to be flown alternately and 
m opposite d&rectums. 

The accuracy of the Type II equpment 1s as good as that of other course-lme computers 
whxh have been tested at this Center. The computer may cause about l/2 mile of posltmn 
e==or. The OBD mformatmn theoretlcally may cause an error of as much as 5 l/2 nules when 
the airplane 1s 57 miles from the OBD statmn, so that It 1s possible to have an over-all system 
error of 6 rmles. In llmlted flight tests, no error m excess of 2 mules has been observed. 

INTRODUCTION 

With the rmplementatmn of the very-high-frequency (VHF) o-range (VOR) and the 
drstance-measuring-eqlupment (DME) programs, there ,vas a growrng Interest u, the adapta- 
tmn of the automatx approach eqlupment to provide radm-controlled flight on computed course 
11ne s. Prior to the completmn of the Type II computer, little work was done ln this drrection. 

The problems of automatx flight control on computed course lmes are qute smular to 
those associated with the flying of the cmrurange course lmes, with one rmportant sxnpltil- 
Cation. While the omurange courses are of constant angnlar width whxh results zn the 
posltmnal sensltwlty changmg with distance, the computed course lmes normally have a 
Constant lmear width whrch results xn a constant posltmnal sensltlvlty throughout the entire 
length of the course lme. Ttis constant positronal sensltrvlty 1s desirable because It elurnnates 
the effect of drstance on the control-system stablhty. When the Type II computer 15, used, no 
modlflcatmn of the eustmg control characterlstlcs of the autopllct coupler 1s requred. 

DESCRIPTION OF THE EQUIPMENT 

The CAA Type II automatxc flrght and navlgatmn eqrupment 1s shown m Figs. 1 and 2. 
It mcludes a data-storage umt, Figs. 3 and 4. a course-lme computer, Figs. 5 and 6. the con- 
trols for the navlgatmn recezver. the controls for a DME. and the controls for a ghde-path 
receiver. Data for course-line-computer courses are prepared before a flxght and are stored 
on a punched tape, a pxce of which 1s show,, ln Fig. 7. The equpment provides automatx 
flight along consecutive course-lme-computer courses> lnstrume~t-landing-system (ILS) 
COU=S=S, and magnetrc-headmg courses. 

As indicated m the block diagram, Fig. 0, the equpment combrres the outputs of the 
rvlgation receiver, the ghde-path receiver, the DME, and the Gyrosyn compass. It performs 

the functmns of automatic fhght on a course-lx,e computer, together with a punched-tape data- 
storage functmn for settmg up predeterrmned courses and tunmg the radm equpment. It 

*Manuscript submltted for puhllcatmn December 1953. 
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provzdes four mdicators for the use of the operator. These are the course-deviation, DME- 
distance-to-OBD-statlon, ornmbearmg, and waypoint-distance mdlcators. The control box, 
Figs. 1 and 9, provides a master power switch, an engage button, a course-number selector, 
a course-number mdlcator, and pilot lights for “on” indrcatmn and for “posltmner-tumng” 
mdxcatmh 

The operator 1s given a chart of the course lmes wbch are set up in the storage urut. 
Ths chart shows roughly the posltmn of the courses and their asslgned course-line numbers. 
In operation, after the operator sets in the course-hne number of the first course It 1h 
desired to fly, the airplane 1s flown manually until wlthm range of the ommdlstance statmn 
whwh furmshes data fonthe first course, at which txne the engage button is operated. If the 
alrplane 1s a greater distance than 3 l/2 mules from the first course, the alrplane will turn 
and xv111 fly approxxnately perpendicular to the course until the devlatmn indxator shows less 
than ftil-scale devlatmn. At that time the airplane xv111 turn, bracket, and fly along the course 
to the first waypomt. When the first waypomt 1s reached, the computer automatically advances 
to the next course m the sequence and the arplane proceeds along the new course. This pro- 
cedure 1s continued until the flight IS termmated m ather a holclmg pattern, a magnetic- 
headmg course, or an automatx approach to a runway. The holding patterns are formed by 
having two parallel courses lad out qlute close together. At the completmn of the second 
course, the storage tape moves backward to the last course Instead of advancmg to the next 
sequence number so that the airplane flies the last two courses alternately in a holding pattern 
until released by the operator. All data for the operatmn of ths computer, with the exception 
of the selectmn of the mztml course number, are calculated before the storage tape 1s prepared. 
Punchrngs In the storage tape contam the mfarmatmn shown m Table I for each of the courses. 

OPERATING PROCEDURE 

The followmg sequence of operatxons 1s normally followed m the operation of the CAA 
Type ll automatw flight and navlgatmn equipment 

1. All assocmted eqlupment includmg DME, navigation receiver, Gyrosyn compass. auto- 
pllot, and autopilot couplmg urut 1s energized during timg to the take-off runway. 
Normally the associated eqmpment ~111 be m operatmg condltmn by the trne the ar- 
plane has clrnbed to 500 or 1,000 feet. 

2. The computer IS turned on after take-off. Approximately 15 seconds are needed for 

Fig. 1 Front View of Complete krborne Eqlupment 
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warmup of the computer eqlupment. 
3. The autopllot IS engaged. 
4. The computer IS engaged. When the computer 1s engaged, all control arcruts are trans- 

ferred to the storage umt. 
5. As soon as the flag on the waypoint-distance mdicator disappears mdlcatmg that all cl*- 

cuts are workmg, the approach coupler control svrltch on the autopilot control box 1s set 
to the “navigate” posxtion and the axplane 1s then flown by the signals from the computer. 
The data for as many as 300 deared courses may be stored on a punched tape. 

THEORY OF OPERATION OF THE COMPUTER 

The course-hne computer functmn will be described only brlefly In this report since It 
has been fully covered m a report on the CA&x Type I course-l,ne computer.L 

The combmIng of headmg 51 nals wrth slgnals from the course-Lme computer XI order to 
5 obtam a.n improved damping factor 1s a noteworthy improvement over earlwr course-line 

computers. 

1 Chester B. Watts, Jr., and Logan E. Setzer, “CAA Type I Course Line Computer.” CAA 
Tec?ancaL Development Report No. 152, January 1952. 

2 Chester B. Watts, Jr ., and Logan E. Setzer, “Some Recent Developments m Racho- 
Controlled FLlght and Landing,” CAA Techmcal Development Report No. 116, Append= I, 
July 1950. 

Fig. 2 Top Vxw of Alrborne Eqlupment With Side Down 



Fig. 3 Data Storage Urnt Assembled 

As mdicated I,, Fig. 10, It has been shown that the devratron from the selected course- 
lme computer course 1s given by the equation 

e = Id CDS 2 - r COB 1, 

that the arrplane-to-waypomnt-plane distance 1s given by the equatmn 

(1) 

Dd = rd sm 2 t r sm. 1, (2) 

and that electrIca signals proport,onal to these distances can be produced by an electro- 
mecharucal arrangement shown m a sm,pllfied schematx dmgram,3 Fig. 11. The electra- 
mechamcal arrangement for combrrnng the Gyrosyn-compass signals with the course signal 
to produce a difference signal is also shown in Fig. 11. Single-speed synchro signals, that 1s. 
signals from a synchro which has its shaft drrven one revolution for each 360’ change I,, the 
headzng of the airplane, are fed from the Gyrosyn compass to the headmg repeat-back synchro. 
Signals from the rotor of the headmg repeat-back synchro are fed to the herrdmg servoampl~fier 
wbch drives the headmg servomotor. A three-turn potentmmeter, a two-phase synchro, and 
the differential gear train are driven by the headmg servomotor. The dlfferentxal gear train IS 
also connected to the course co-or&mate settang mechamsm and, through a 2 1 reductmn gear, 
to the shaft of the headmg repeat-back synchro. In tis way, when the headmg of the airplane I 
the same as the course co-ordmate the wiper of the potentiometer 1s at the nuddle of the poten- 
tlometer resrstance windmg and the output from the turo-phase synchro 16 zero. Both the poten- 
tlometer and the two-phase synchro are excited from (L 13-volt, 400-cps source. A centerlug 

3 CAA Report No. 152, op. cit. 
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Fxg. 6 Waypomt-Distance Co-Ordmate 
Posltmnmg Umt. Top Obkque View 

potentmmeter with a grounded maper 1s also excited by the 13”volt source. Thus, the output 
at the wiper of the heating potentrometer varies lmearlly, both posltlvely and negatively, as 
the headmg departs to the left or the right of the course co-ordmate. The output of the two- 
phase synchro IS a sme functmn of the departure of the headmg from the course co-ordinate. 
These two signals are combmed to produce a nonlmear, left-right slgnal which 1s combmed 
with the course-devmtmn 51 

5 through an approach coupler 
nal to produce the steerrng slgnal. The steering signal 1s fed 

to the autopIlot to obtain automatic fkght on the course. 
The rate component of the dampmg factor IS developed In the approach coupler and, 

combined with the heading-departure and course-devmtmn signals, produces stablllzed flight 
along the course. The course-devlatmn slgnal IS lmuted so that when the arrplane IS further 
away from the course than approxnnately 20 per cent more than full scale the course-devmtmn 
slgnal IS constant. This lunitmg value of devratron slgnal IS selected to be equal to the headmg 
slgnal produced when the heading differs from the course by approximately 90’. Therefore, If 
the autopilot 1s engaged and IS fed signals from the automatrc navlgatmn equpment when the 
axplane 1s at a great distance from the selected course, the alrplane ~111 turn and fly a head- 
mg approxunately perpendicular to the course until the devlatmn from the course IS approx~- 
mutely 20 per cent greater than full scale on the devlatlon lndxator. Then the airplane ~111 
turn and fly along the selected course. 

CIRCUIT DESCRIPTION 

The servoampllflers are made up of a 12AT7 twin trmde III cascade and a 12AU7 dls- 
crlminator output operating a dlfferentlal relay. See Fig. 12. 
and reverse movement of the servomotors. 

Thrs relay controls the forward 
A velocity generator, whxh IS a part of the servo- 

motor, prowdes damplng of the servomotor by feedmg back to the Input stage of the servoam- 
plifler. A signal proportional to the angular velocrty of the servomotor and of opposite phase 
to the rnput signal IS provided. A waypolnt ampkfler uses the phase change of the alrplane-to- 
waypant-distance signal to close a relay when the computer &stance nears zero. The pomt of 





TABLE I 

ARRANGEMENT OF THE DATA STORAGE TAPE 

Group 
NO. 

Group Serial No. 

1 

2 

3 

4 

5 

6 

Course-lme number, tens 

Course-lme number, tits 

DME tunmg, responder 

DME tunmg, mterrogator 

NavIgatIonal receiver twng, 
even MC. 

NavIgatIonal recexver tumng, 
even MC. 

of Spaces 
m Group 

l-5 

6-9 

10-13 

14-17 

18-21 

22-25 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Computer course, tens of degrees 26-31 

Computer course, half degrees 32-36 
from 0” to 9 l/2’ mcluslve 

Waypomnt-azxmuth co-ordmate, 37-42 
tens of degrees 

Waypomt-azxnuth co-ordmate, 43-47 
half degrees from 0” to 9 l/2’ mcl. 

Waypomt-&stance co-ordmate, 48-51 
tens of rmles 

Waypomt-distance co-ordmate, half 52-56 
ales from 0 nu. to 9 l/2 rm. mcl. 

Chart rdentifrcatmn, first letter 57-61 

Chart ldentiflcation. second letter 62-66 

Chart ldentihcatmn, thxd letter 67-71 

Spares 72-75 

Mxscellaneous fun&Ions 76-80 

No. of Possible Posltlons Posltians 
Spaces from These Spaces Used 

m Group 

5 

4 
510 300 

4 
254 100 

4 

4 

254 140 
4 

6 

5 
2,046 720 

6 
2,046 720 

5 

4 
510 100 

5 

5 

5 not used not used 

5 

4 not used not used 

5 10 7 

Total SO 

operation can be adJusted by changmg the negative bms on the dxscrmunator tube. When this 
waypomt relay closes, It causes the sequence storage urut to rotate one step forward, thus 
settmg up co-ordmates for a new waypant. In order that thrs forward step on the storage urut 
does not occur mdxcrlmmately, lnterlockmg relays are placed m all clrcu\ts that might cause 
the &stance-to-waypomt slgnal to go to zero. The flag-alarm Interlock 1s mcluded In this 
mterlockmg clrcult. If for any season the error signal. becomes too large In either the distance 
or the omru servoamplzflers, the flag alarm on the waypomt-distance mdlcator ~111 show and 
the mterlock ~111 open, preventing the sequence wt from steppmg. 

A ten-second tmxe-delay relay interlock 1s also Incorporated to prevent the sequence 
urut from steppmg while the autoposItioner tuning wts are moving. A DME flag-alarm mter- 
lock also prevents the sequence unrt from stepping If the DME loses the srgnal and starts 
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searchmg. In the ILS functmn, which 1s normally last m the course sequence, an mterlock 
opens to prevent any sequence umt from steppmg because of a zero-nule mdlcatmn when the 
ghdeslope DME statmn 1s passed 

DATA STORAGE 

Preflight planmng for the use of the Type If eqlupment Includes compllatmn of the data 
for the courses to be flown and storage of the data m a punched tape. The data required for 
each course and the number of spaces reqrured on the storage tape are shown In Table I The 
storage tape shown ln Fig. 7 prowdes 80 spaces In each of 2 rows for stormg data for a given 
Course. The first 75 spaces were punched m ather one row or the other m each space but 
never m both rows, These first 75 spaces are dlvlded rnto 16 groups. Twelve of the groups 
are used to store data for the controls necessary for the operatmn of the computer. 

The first two groups store the course-number data and control the course-number 
mdlcator on the control box. The control box 1s equipped wltb two push-button switches. One 
of these switches drives the storage tape m the forward dlrectmn, and the other drives it m 
the reverse dlrectmn. The pllot selects the first course number by operatmg the push buttons 
until the desired course number 1s dIsplayed on the course-number mdlcator. In fhght, the 
storage tape 1s automatrcally moved forward one space each time a waypomt IS reached, and 
the course-number mticator changes to mdlcate the course for which data are bemg fed to the 
computer. The capacity of the storage IS lmnted only by the posltmns on the course-number 

r 

Fig. 8 Block Dmgram of CAA Type II Automatic Flight and Navlgatmn Eqlupment 



Fig. 9 Control Head, Side View 
Wltb Dust Cover Removed 

mdicator. The storage tape 1s 10 11/16 mches wide, and each course requres 5/g Inch of 
tape length. The 300 courses require a tape 15 feet, 7 l/2 mches long. 

The next four groups (3, 4. 5, and 6) of spaces on the storage tape store data for tunmg 
the assocmted eqmpment. Taken m order, they tune the DME responder, the DME mterrogatol 
the navlgatmn receiver to even-number megacycles, and the navlgatmn receiver to 0.1 mega- 
cycles. Another punch m the rear row of the 76th space 1s reqlured m adtitmn to the even- 
number-megacycle data when the navlgatmn receiver 1s tuned to an odd-megacycle frequency.’ 

The next s1x groups (7, 8, 9, IO, 11, and 12) of spaces store the course-llne-computer 
data for the course, the waypomnt-azrmuth co-ordmate, and the waypomnt-distance co-ordmate. 

The next three groups (13, 14, and 15) were mtended to be used to store data for auto- 
matlcally selectmg charts to be used m an assoczated plctorlal display. This feature was not 
used. The storage capacrty was suffzaent for 17,576 different charts. 

The 16th group was composed of four spaces. It was unnecessary to use any of these 
spaces In the manner the equpment was set up and operated. 

The last five spaces were punched to provide auxllrary control functions not readily set 

4,s 51”R3 VHF Navlgatmn Receiver, II Gohns Radm Company xwtructlon book, Cedar 
RapIds. Iowa. 
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TABLE II 

POSSIBLE COMBINATIONS OF FOUR WIRES 
(Taken 0,l. 2,3, and 4 at a tmne) 

Wire Number Combmatmn Number 
1 2 3 4 5 6 7 g 9 10 11 12 13 14 15 16 

1 oxoooxxxoooxxxox 

2 ooxooxooxxoxxoxx 

3 oooxooxoxoxxoxxx 

4 ooooxooxoxxoxxxx 

e X mdlcates wvlre selected (grounded) 
0 mdlcates wire open 

TABLE III 

NUMBER OF POSITIONS AVAILABLE WITH MULTIPLE-WIRE POSITION SELECTORS 

Number of Wires Number of Posltmns 

1 0 

2 2 

3 6 

4 14 

5 30 

6 62 

7 126 

8 254 

9 510 

10 1,022 

mto the tape by the two-row-punch method. These functions include (1) computer course. 
2) tone localizer, (3) ghde-path frequency No. 3, (4) glide-path frequency No. 2, (5) ghde-path 

. ncy No. 1. (6) magnetic courses, (7) sequence begmnmg, (6) sequence endmg, (9) holdmg 
-rn, and (10) odd-megacycle frequencies for VOR. A defmlte space was asslgned for each 

>f these functions, and a hole w-s punched In those spaces that were applxable to a particular 
10urse. 

Except for the spare group and the nuscerlaneous functmns group. each group was de- 
d to control a position-setting mecharusm through one of the multlpositmn wafer switches 

h&n m Fig. 13. Fig. 14 shows the arrangement for a mechamsm controlled by a four-space 
Iroup. In tis mecharusm the fingers malung contact to ground through one row of holes 1n the 
torage tape act as a selector switch, and the wafer switch on the posltmmng motor acts as a 

ltlon repeat-back. The mechamsm operates on the prlncrple that each comblnatlon of 
ounds that can be placed on the fingers of a given group will define a umque posltlon of the 

cepeat-back switch. TheoretIcally, a four-wire control could define 16 posltlons, as shown m 
rable II. In the mechanism shown m Fig. 14, this method IS sublect to some lxnltatlons. 

Two of the positions cannot be used. These posxtlons are Nos. 1 bnd 16 of Table II. Y 
of the fingers are grounded, as shown In posrtlon No. 1, no energy 1s supplied to the detent 

* noid (Fig. 14) or to the posltiomng motor, consequently, no operation takes place. In a 
’ r manner, If all the fingers are grounded, the repeat-back switch ~111 stop in a position 

’ re all the wires are open. Thereafter, the punched tape cannot operate the detent solenoid 
I= the positioning motor. Thus, for any multiple-wire positlorung system, the number of posl- 

avaalable for use is always two less than the theoretIca number of combinatmns of 
m-1- that can be put on the wires. The number of posItIons available 1s given by the equation 

1 = 2(n) - 2, where p is the number of positions, and n 1s the number of woes corresponding to 
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the number of spaces m each of the fzrst 16 groups of the storage tape. The number of posz- 
tmns avalable by thm method for up to ten mres IS sho n III Table YI. If 75 wxres were used 
I,, a single mecharusm, then appromnately 1.1803 X 10 2Y umque posztmns could theoretically 
be obtamed. Breakmg the storage space Into a number of groups further reduces the number 
of pos~tmns avaIlable. As shown m Table I, none of the groups used all the storage avallable 
from the number of spaces II, the group. Twelve of the groups were actually used m the opera- 
tmn of the equpment. 

Although rt reduced the over-all storage capacity, the dwldmg of the storage Into small 
groups provided a comparatively sxnple means of settmg a number of separate controls 
smultaneously. This advantage more than offset the loss of storage space. 

The use of combu,atux,s of grounds to define uiuque posltlons as shown I= Fig. 14 IS 
subject to the selectIon of amb,guous posrtlons. For the tape punched as shown m Fig. 14, no 
energy ~111 be supplxd to the detent solenoid or to the posltuxung motor when the wafer switch 
1s 11, the pos~taon that brings blade posltvx, 13 under wxre 2 and blade positron 14 under wire 3. 
This amblgluty 1s resolved by provldxng both the second row for punching holes UI the storage 
tape and a second wafer on the swxtch as shown m Fig. 15. Holes for the comblnatzon of grounds 
to be used were punched in the front row, and all other spaces m the group were punched III the 

MAGNETIC 
NORTH COURSE HE*DING 

A 

Fzg. 10 Geometry of a Computed Path Using CAA Type II 
Automatx Fl,ght and Navlgatxon Equpment 



Fig. 1 I Sxnpllfled Electromechamcal Schematlc Dmgram of the Computing Circruts 

rear row. The blade of the second or rear wafer switch was cut to be the reciprocal of the 
blade of the fxst or front wafer, and the wxes were connected to carrespondmg contacts on the 
two wafers. Thus, wmes on the front wafer and makmg contact with the blade were not connected 
to the blade of the rear wafer. With this arrangement, the wires were connected Into two 
separate groups when the switch was m the posltmn correspondmg to the punchmgs III the 
storage tape. In most wafer posltmns which do not correspond to the punching m the storage 
tape, current ~~111 flow through one wire or through two wires in parallel and directly to ground 
through the storage contacts. In the potentially ambiguous watch posltmn shown III Fig. 16. 
the current XI the wxes 1s as shown by the arrows, flowmg from the front-watch wafer through 
wire 4 to the rear row of storage contacts, through wire 1 to the rear-switch wafer. and through 
w’1res 2 and 3 In parallel to the front row of storage contacts to ground. 

A further restrIction of the design pertams to the design of the switch wafer. The code 
for the consecutive posItIons must be lad out so that the wafer switch can progress from one 
posltmn to another wIthout repeating a given code for two positmns. When the design uses all 
of the posItIons avaIlable for the number of WL-es or storage spaces, the layout 1s qute stralght- 
forward. But when the number of spaces used IS less than the number avaIlable, care must be 
exercised In laymg out the wafer If the swtch 1s to operate contmuously In one &rectmn, and 
It 1s not possible to design a wafer for some numbers of posltmns. For example, a wafer for 
contmuous aperatmn III one dIrectIon, havmg 13 evenly spaced posItIons, and usmg four wxes 
cannot be desIgned. 

Tnus, each group of spaces requxed a specml design for the function it was to perform 
The course-lme number switch for tens of megacycles 1s a 30-posItIon, 5-wire umt usmg all 
the posltmns avaIlable, The course-lme-number umts switch 1s a IO-posItion, 4-wire umt. 
The wafer was deslgned so that four of the possible comblnatlons of four wires were not used. 
Figs. 17 and 18 are schematic diagrams of these two umts. The same type of rotor and stator 
was used for both of these umts, the contacts being installed In every third posltlon for the ten- 
poslhon switch. 

The codes for the DME responder and Interrogator were set up according to the Collms 
Radm Company’s four-wire tumng system. The DME that was used requires one of a group of 
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Fig. 13 Multlposltion Wafers Fig. 14 Schematx Dmgram of Smphfied 
Four-Wire Posltmn-Settmg 
Switch and Mecharusm 

ten wires to be grounded to tune the responder and one of another group of ten wires to be 
grounded to tune the mterragator. Two devices for convertmg from the four-wire to the 
ten-wire system were bmlt. The first uses a four-wire pcmtmnmg switch to posltmn a 
smgle-pole wafer as shown in Fig. 19. The second method uses four 4-p& relays II, the 
circrut shown zn Fig. 20. 

The code for tumng the navlgatmn receiver 15 the same as that used I,, the nawgatmn- 
receiver control box. At first, the tunmg control wires were connected directly to the storage 
umt. The current u, the control wires was so heavy that the contacts on the storage mut were 
damaged. To correct this, buffer relays were mstalled between the storage unrt and the 

The course control and the waypow,t-azxxxAb co-ordxnate control, shown schematxally 
in Firs. 21 and 22, were ldentlcal and mterchaneeable uruts. The tens-of-degrees switch was 
a urviormly space& 36-posltlon, 6-wre mechankm. The switch rotor was ckected due&y 
to the appropriate part of the course-line computer, and the stator was geared to the 1/2- 
degree control through a 20 1 reduction gear. In the eqrupment, the output shaft of the course 
control was hollow and the shaft of the waypolnt-azimuth co-ordmate posltloned the rotor of 
the waypant resolver through the center of the course-control shaft. Thus, SIX spaces m the 
storage tape were used to set each of the controls to the nearest ten degrees of the desxed 
value. The design of the switch blades was such that only 36 of the possible 62 posltmns for a 
6-wire code were used. The one-half-degree setting switches were made up on the same rotor 
and stator parts as the tens-of-degrees uruts. Twenty poaltlons, spaced ten degrees apart and 
using a five-wire code, were provided in these umts. Two lxnlt sultches whxh reversed the 
posltlomng motor were mounted on the switch. The switch stator was mounted to the frame of 
the umt. The rotor was geared through a 20 1 reduction gear to the stator of the tens-of- 
degrees control. Thus, five spaces in the storage tape were used to set each of the controls to 
the nearest one-half degree over an arc of ten degrees. 

The switches m the waypolnt-distance co-ordmate control, shown schematically m 
Fig. 23, use the same type switch parts as those used x, the route-selector switches. The 
tens-of-m&s switch 1s a ten-posltmn, four-wire urvt on a wafer desrgned for 30 posltlonr, 
while the half-mile switch IS a 20-posltmn, five-wire umt on the same type wafer but wltb the 
positions spaced 12 degrees apart and w,th reversmg switches at the lu,uts of travel. The 
stator of the half-mile watch 1s mounted to the frame of the urut, and the rotor drives the 
stator of the tens-of-rules switch through a 6 Z/3 1 reduction gear. The rotor of the tens-of- 
nules switch drives the shaft of a dual 0. l-per cent lxnearlty potentmmeter which IS part of 
the course-11ne computer. 



Descrlptron of 
course Lme 

Brownsburg to Muncie 
Muncie to Kokomo 
Kokomo to Lafayette 
Lafayette to Braml 
Brazil to Bloommgton 
Bloomrngto” to Greensburg 
Greensburg to Anderson 
Anderson to Frankfort 
Frankfort to Greencastle 
Greencastle to Franklm 
Fra”klm to Nableswlle 
Noblesvllle to Lebanon 
Lebanon to Mooresvllle 
Mooresv,lle to Ampart 
AIrport to Mooresvllle 
Mooresv~lle to &ill 
Hall to AIrport 

TABLE IVa 

COMPUTER DATA FOR FLIGHT IN INDIANAPOLIS AREA 

Course DME VOR Course W aypomt Waypomt 
Lxne Channel Frequency Azzmuth Distance 

Co-Ordinate Co-Ordinate 
(MC) (degrees) (degrees) (mles) 

1 83 116 3 63 5 63 5 50 4 

4 

6" 
7 
8 
9 

10 

83 
83 
83 
83 
83 
83 
83 
83 
83 

296 0 15 5 
266 5 324 5 
190 0 243 5 
125 189 0 

78 0 125 0 
349 0 61 5 
286 0 347 5 
203 0 246 0 
104 5 144 5 

40 5 
44 5 
40 0 
39 0 
49 5 
36 o 
29 8 
25 0 
25 0 

40 52 0 21 6 
272 0 342 0 14 9 

Miscellaneous 

Sequence Begms clc* 
ClC 
ClC 
clc 
clc 
clc 
clr 
clr 
ClC 
ClC 
ClC 
ClC 
ClC 
ClC 

clc Holding 
ClC 

Sequence Ends ILS 

TABLE IVb 

COMPLETE DATA FOR FLIGHT FROM INDIANAPOLIS TO DAYTON AREA AND RETURN TO INDIANAPOLIS 

Descrlptlon of Course DME VOR COUrSe Miscellaneous 
Course Line Lt”e Channel Frequency 

Waypant Waypmnt 
Azunuth Distance 

Co-Ordrnate Co-Ord,“ate 
(MC) (degrees) (degrees) (m&s) 

Indlanapolls to Connersvllle 1 83 116 3 83 0 985 57 5 Sequence Beglns clc* 
Connersvrlle to Liberty I”ter 2 91 117 1 82 0 210 0 14 0 ClC 
Liberty Inter to Greenville 3 91 117 1 3280 296 0 21 0 ClC 
Greenville to Muncx 4 91 117 1 279 0 284 5 55 5 ClC 
Muncie to IndIanapolls 5 a3 116 3 235 5 143 0 65 Sequence Ends 

*course line computer 
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THE PUNCH 

Data camp&d for typIcal flrghts are shown 1x1 Tables IVa and I’&. These data are con- 
verted from decimal to bmary form by the keyboard of the punch shown m Fig. 24. The key- 
board has a column of keys for each group of spaces used m the storage tape. Each column 
has as many keys as there are dtiferent bits of data for that group. This corresponds to the 
number of posltmns used for each of the posltmnmg switches and to the number of frequencies 
avallable I,, each of the tunmg groups. Each column of keys has assocmted v&h It a group of 
bars and punches. The number and sequence of bars and punches correspond to the number 
and sequence of the spaces m the groups of the storage tape. The foot of each key reaches 

Fig. 15 SchematIc Diagram of Slmpllfled Fig. 16 Schematx Diagram of Simpllfled Fou- 
Four-Wire Posltmn-Setting Wire Posrtmn-Settmg Switch and 
Switch and Mechanrsm Showing Mechanism Showrng Method of 
Wafers m Posltmn Correspondmg Resolvzng Ambiguous PosItIons 
To Punchmg in Storage Tape 
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Fig. 17 Prelunmary SchematIc Wirmg Dmgram of Sequence-Control, 
Storage Selector, and Storage Unit 

across all the bars m Its column. The bars were prepared wltb a stop for each key. The 
decunal-to-bmary code conversmn was made by cuttrng off the stops on the bars that are to be 
grounded for a given switch position. The die used m punchmg the tape 1s equipped wvlth two 
rows of holes. The first 75 holes are equpped with a punchmg blank that can be moved from 
one to the other of the rows. The operatmg steps In the preparatmn of a tape are as follows 

1. W&h a blank tape m the punch, sprocket holes for a leader on the tape are punched. The 
punch handle IS equpped with two locks. The releasmg of the fxrst lock pernuts the 
punchug of sprocket holes m each edge of the tape on the forward stroke of the handle 
and advances the tape one posltmn on the return stroke. About twenty spaces are sufflcrent 
for a leader. 

2. Wltb the handle in the ready posltmn, data for the first course lme are entered into the 
keyboard by pressmg down the proper key In each column. The setting of the keys should 
be checked carefully, and any error should be corrected by pressmg down the correct key. 
The sequence-begm key should be pressed for the first course. 

3. The second lock on the cperatlng handle 1s released. 
4. The punch handle 1s operated. As the handle moves forward, the bars and punching blank 

are carried forward by sprmg pressure. Those bars with stops at the depressed key are 
stopped so that the holes are punched m the first row of the tape. Those bars wlthout 
stops travel to the rear so that the holes are punched In the second row. In the mlscella- 
neous group, one hole IS punched for each key that 1s pressed. All bars and punches are 
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posltmned, and all holes, mcludmg sprocket holes, are punched on the forward stroke of 
the handle. On the return stroke, the pnnchmg blanks are llfted out of the dw and all bars 
are returned to the ready posltmn. Also during the return stroke, the tape 1s advanced 
to the next punching posltlon. At the end of the return stroke, the handle 1s locked mto 
posltlon. 

5. The keyboard 1s cleared by operatmg the key-release levers. This returns the punch to 
Its ready posltmn. 

6. Steps 2 to 5, mcluslve, are repeated for each course to be set Into the storage. Data for 
the last course must mclude the sequence-end punch. 

7. An end leader 1s punched by makmg about 20 addltmnal sets of sprocket holes. The tape 
15 now ready to be removed from the punch and Installed In the storage nmt 

1 

I 

Wg. 18 Schematic Wlrmg Diagram of Control Box 



Fig. 19 14-Posltmn, 4-Wire Autoposltloner 

TESTS AND RESULTS 

Adjustment and Callbratmn. 
After the computer was fully assembled and the co-ordmate &als and synchros were 

orrented as described m Techrucal Development Report No 152, the computer was fed sxnn- 
lated signals from a test set, Fig. 25, whzch furrushed calibrated omrubearlng-distance (OBD) 
and headmg signals All functmns were made to operate satlsfactorlly whrle this simulator 
was used Courses were fallowed on the sxnulator map, and the errors were corrected 

Observed Computer Accuracy In Laboratory-Test Set-Up. 
Maumwn errors (most of the error was due to drlvmg-gear backlash) 

a Distance repeat-back +O 25 mile 
b Bearmg repeat-back ‘0.3” 
c Heading repeat-back +O 3” 
d Distance to waypomt 10 5 mile 

Course width (m-mum sensltlvlty) +3 miles, -3 l/2 nules 
F Airplane headmg 15 miles off computer course +lOO” , -80’ 
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Flight Tests. 
The CAA Type II automatxc flzght and nangatvzm eqmpment was mstalled In a DC-3 

axplane, N-162, m May 1953. A change-over switch was mstalled to transfer control equp- 
ment and slgnal sources from the exlstmg equpment to the storage umt m the computer. 

The hrst flight was May 27, 1953. The flight was for callbratmn and had no favorable 
results. Three more callbratmn flights were made, one an June 1, another an June 10, and 
one on June 11. The fifth flight, made on Jnne 15, completed a very successful test. The 
autopllot remaned engaged durmg a complete clrclut of four waypants. 

Fig. 26 1s a reproduction of the flight path made durmg two round trips. The solrd 
lme represents one trap with approximately no magnetic-headmg rnformatlon up to +30’ of 
the desired course. The broken lme represents a trrp with approximately no magnetic- 
hea&ng mformation up to *lo’ of the desired course. As shown In these two flights, the 
addltron of some headmg sIgnal even close to the computer course 1s desirable for xnproved 
stablllty In an automatic navIgatIona fhght. Fig. 27 1s a reproduction of a flight path from 
In&anapohs to the vlcunty of Dayton, Ohm and return. 

1. 

2. 

3. 

4. 

5. 

6. 

CONCLUSIONS 

The CAA Type II automatic fhght and navigation eqmpment demonstrates conclusively 
the technrcal practxcalxty of automatx flight along a sequence of preselected course- 
lme-computer courses. 
The use of stored data and of automatrc sequencing reduces the pilot’s workload when 
he 1s usrng a course-hne computer and, thereby, extends the use of the computer to 
the tern-anal-area holding pattern or to the ILS approach. Pllot reaction to tbx 
feature was especially favorable. 
The storage umt demonstrates the practxahty of stormg fkght data In a umt sutable 
for use In DC-3 or larger aIrplanes. 
The techmque of determwung a uruque posltmn by means of multrple grounds on a 
group of wires 1s well suted to the punched-tape data-storage method. 
The punch, arranged ‘~lth a data-conversIon keyboard, provides an accurate and easily 
used method of convertmg data from decimal to bmary form and of stormg the data In 
a tape storage. 
The accuracy that can be expected from a course-lme computer IS fairly well estab- 
Ilshed. The Type I1 eqrupment provides an addltmnal advantage m that the data are set 
1n mechamcally and, therefore, more accurately than can be done manually under 

Fig. 20 Relay-Type DME Tunmg Converter 
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normal fhght condxtxons. 
7. Since the shafts of the computer are posltxoned by a pawl-and-rachet mechamsm. 

the accuracy wltb whxh the data can be set Into the computer depends upon the accuracy 
of the rachet and assoaated gearmg. With present machme-shop techxuques, accura- 
cles of one mxute of a=c a=e easily obtamed. Thus, the gearmg error 1s small when 
compared with the electrxal e==o=s III the computmg resolvers (about 15 rmnutes 
spread) or‘ with the e==o=s in the omrvbearmg data. 

8. The combmatlon of headmg signal and rate signal provides a much better damplng 
signal for automatx fhght on wide cou=ses than does the use of rate signal alone. 

1 

Fig. 21 De&n&on-Aelmuth Co-Ordinate Selector 
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Fig 22 Prebmmary Schematic Wx-lng Dmgram, Course-Headmg Selector 
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+ 28 “DC 
I 

Fig. 23 Destination-Distance Co-Ordmate Selector 

. 
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Fig. 24 Keyboard and Punch for Stormg Computer 
Data zn Tape, Top Oblique View 

Fig. 25 Smnulator Table for Ommbearmg. Dzstance, and Headmg 
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Fig. 26 Reproductron of Fkght Path 
in Indranapolls Area 




