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EVALUATION 07 TIiX AIdSCOPILCrP 

The Anscopllot 1s an autopilot for arcraft of the prlvate- 
flyer class. It 1s an electromechanxal system with the deslCn emphasis 
on rellablllty, lx;ht rrcl&ht, and lorr cost. Thx report. e@ams the 
opcratlon of the equpmcnt ?nd describes the performance oitalned dur-Lng 
a senes of fll:,ht tests conducted at the CA{ Technical Development and 
Evaluation Center 111 a Piper Pacer aIrplane. 

INTROrJUCTI ON 

The ccmplexlty, high cost, and we@-& of ccmmerclally avallable 
autopilot systems prom$ed ?Ir. Monroe Slveet of Arsco Dlvlslon of General 
Aniline and Film Corporation to al;tempt the development of a slmpllfled 
autopilot suitable for aircraft of the pnvate-flyer class. The deslbn 
'Jas Intended to enphaslze slm?lxz.ty anct relxbillty and, If necessary, 
to comJronfise some performance charnctenstxs not considered essential 
to the pnvate fber. 

The lmpresslve results secured from an expenmental model m 
a Nanon caused LLxxo to encourage its further development tcrrard a market- 
able equxpment. In 1952, the Clv~~l Leronautxs iidrmmstratlon entered 
into a contractual agreement rnth Ansco D~vlsion of General Amllne and 
FrrIm Corporation for the installation of an experunental model of the 
Anscopll.ot in a Piper Pacer alrplane which was rented for the purpose. 
The contract specified that the auiopilot Installation must provide for 
control of the aIrcraft about the roll and pitch axes and must Include 
provxzon for automatx fl1Cht on any selected magnetic heading and for 
honnng on omrurange stations. The equipment as installed In the Piper 
Pacer satisfied these reqwxements. Thns report expla-Lns the operation 
of the equipment and describes the performance obtained 1n a senes of 
fllLht tests conducted at TDZC. 

Roll-AXIS Control 

The most important and unique design feature of the Anscopllot 
15 embodled m the roll-axis control. Roll-axis control uses a modlfled 
gyro horizon indxator. The modlfxatlcm involves mountlnc a pax of 
movable contacts on an assembly attached to the rear of the mndxator. 
These contacts arc so located and spaced that they engaLe a center con- 
tact secured to the roll-axis gx,lbal of the gyro. rJhen the gyro a:o.s I.S 
erect and the alrcraft is 311 level fllrht, the center contact does not 
touch exther one of the movable contacts. 'Then the aIrcraft LS dxwlaced 
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in roll, contact I.S establlched between the center contact and one of the 
movable contacts, and this closes a relay, onergizmg the roll-actuator 
motor to move the ailerons m a dlrectlon to return Lhe aircraft to level 
fllgbht. 

F1.g. 1 illustrates a com:lete cycle of operation from the time 
the alrcraft IS dlstwbed by a sudden gust until it 1s returned to level 
fll LlltS. The i1lustraLon IS not an accurate rcpresentatlon of the nec’lan- 
~a1 layout, but accuracy 1s sacrlfxed here m the ultcrest of clarlfymg 
the principle of operation. 

Roll-axis control also utlllzcs lnformatlon from the turn-bank 
indl cator. The modlixatlon of this lnctrumont also involves the use of 
a pair of contacts, so located and spaced that they engage a movable 
center contact. The center contact 1s attached to an arm pLvoted about 
the seme axis as the pointer of the turn lnnxator and moves m accord- 
ance ulth the posltlon of the pointer. lrhcn the alrcraft enters a turn, 
contact 1s establlched between the center contact and one of the contact 
par, ClOSln[, a relay whxh enorLlzes ihe gyro-horizon trim mozor to 
change the pooltlon of the contact pair on the gyro horizon. The contact 
pax on the turn-bank xxbcator is (lovable m an arc about the center 
contact, and this movement 1s controlled by the turn-bank trvn motor. 
The purpose of this arrangement 1s bscussed later. 

The contact $alr on the gyro-horizon 1ndIcator 1s assembled III 
a manner ~rhxh perrmts It to be moved u1 an irrc about the center contact. 
The contact pax can be dxplaced along, the arc m several ways, each of 
whxh accompllzhes a spec~flc purpose. These ways are by: (1) tie manual 
turn control; (2) the gyro-horizon trim motor, rrhlch IS ener;lzed m 
accordance ulth InformaLlorl from the turn-bank mdxator; and (3) mechan- 
xal coupling beLrrecn the contact pair and the aileron cables. 

m:hen the posItIon of the contact pair I.S changed from the normal 
or level fll+t posltlon by the Ilenual turn-control bob, the airplane 
will stablllze m a banked attitude corresponding to the changed position 
of the contact pnlr and will result In a co-ordulated turn, Rudder- 
axleron co-or&nation 1s not provxded by the autopilot but must be pro- 
vlded on the alrplane as a separate modification. On the Piper Pacer 
r.rhlch rras used for the flqht tests to be described, thx modlflcatlon 
uas accomplished ;xlor to the autopilot InstallsAlon. 

‘Then t’le Gyro-horxon contxt pair 1s m the level-flight posl- 
tlon and the axcraft deviates from stralk-ht flqht, the turn-bank mdjl- 
cator senses the turn and contact is made between the center contact and 
one of the contact pur on the tu?n-b,ank indxator, energizing the gyro- 
horlzcn trim mor,or and causing the contact Parr oi” the gyro horizon to 
initlate a co-ordlnatecl turn to return the aarcroft to stra1gh-c filght. 

The movement of the horizon-:yro contact pair by mechanical 
feedback 1s analogous to negative feedback as employed m electrxal 
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circuits. A mechanical 1’1nI;age between the azleron-control cable and the 
shaft about ~rhlch the contact pair rotates provides this feedback. It 1s 
negative feedback because the sensing is such that when the aileron cable 
moves the contact pair IS moved In a dlrectlon to opoose this motion. 
This feedback action 1s responsible for -Uhe smooth recovery rrhlch the 
autopilot accompllches nhen returnIn& to level flight. 

Fitch-Axis Control 

Pitch-2x1s control 1s accomplished in essentially the same 
manner as roll-axis control. The gyro-honaon mdlcator 1s modlfs.ed by 
attaclmng a contact pair which engages d center contact mounted on the 
pitch-ams gimbal. FIhen the alrcraft IS displaced about the pitch axis 
from the level-flQt posltlon, toe center contact establishes contact 
Im.th one of bhe contact pair, energlzlng the pitch-actuator motor to move 
the elevator in the dlrcctlon to return the aircraft to level flight. 
The pocltlcn of the contact paw can be controlled manually, 2nd the 
control- provided for this purpose constatutes the autopIlot pitch trim 
control. A tmrn motor IS not used to posltlon the contact pacer since the 
autopilot does not include altitude control. In the experImenta model 
Installed m the Plper Pacer, a separate gyro-horizon mc’lcator was used 
for pitch control. The same gyro rdllch was modlfled for roll-axls Control 
can be used, but dellvery rras expedited by the use of the two gyros. 

Magnetic-Compass Coupler 

11th autopilot roll- and pitch-ans control, the alrcraft IS 
malntamed m essentially level flight and will fly a constant heading. 
However, 3f the aircraft I.S disturbed from Its level-flqht attitude by 
gusts rhlch predominate in a dIrection &fferant from the lnltla! heading, 
t,le autopIlot VIX control attltuae to mainta.Ln average level flqht but 
the heading ralll change. If pitch- and roll-axis control only are e.rnloycd, 
the alrcraft ~111 not continue on a constant headlnL lndefinltely. The 
maCnetlc-compass coupler provides a means for automatically malntamnlng 
the aircraft on any selected ma:netlc heading. 

A standard Hodel B-16 magnetic compass 1s modlfled to provide a 
source of heading InformatIon. The top of tne compass card 1s d?vlded 
into trro 18C-degree segments Fy palntlng one half white and the other half 
black. A lqht source 1s directed onto the top of the card, and the re- 
flected Lght 1s collected on a photosensltlvo tube. The light source 
and the photo tube are mounted on a rotatable assembly which IS Leared to 
the head-ng-selector control. T!ns control deterrmnes the posItIon of 
the spot of light on the compass card. See 3.g. 2. The system operates 
to cause the airplane to enter and to continue a turn until the spot of 
11Lht rests on the same black-rihlte dr<ldmg line on the top of the compass 
card. The amblgu-ulty of 180 degrees 1s inherently ellmlnated. The ax- 
craft hcadlng rrll.1 stablllze at a value corresponding to the posltlon of 
the spot of llpht; and this posltlon, and hence the desired heading, LS 
selected by the heading-selector control. The system employed 1s a 



feedback-control system. The co&rolled sjrsten LS the aircraft; the 
reftrcnce input 1s the pocltlcn of th” ;“ot of light; ana the controlled 
variable 1s the heac’m;: of tla cwcrait. 

The o?er?tlcn of the ma-netlc-compass coupler system 1s as fol- 
?.ows! The output of the photo tube 1s a&led to the compass-coupler 
am71 1^- -er, where It I.S ccrlpared to the voltabe at the drm of the turn-bank 
potentlowter Irhlch 1s mechanically coupled to the turn-bank trim motor. 

Th? turn-bank trm moior -~11 run and rotate the turn-bank con- 
tact purr until the voltage at the am 01 the potentiometer balances the 
Volta@ su,2,sllecJ by the :?hozo tube. The voltage supplIed by the photo 
tube 1s a varlaL3e dependln: on the posItIon of the spot of lllht on the 
plllter d--c. At some ?art;cul;r voitabe value, the turn-bank tl?m motor 
1~1~2 cane to rest :ntn the contact pax In such a posltlon that the cegter 
co, tact 1s centered and the turn-b:‘o:- pointer IS lndlcatmg zero turn rate. 

‘ihen the center contact associated 111th the turn-ban!< contact 
par m-kes electmeal contact to olther one of ihe pair, the g-,ro-horizon 
trin motor lu cner[,1zed, causing a dlspizcement of the gyro-horizon con- 
tact w.1~ and lnltl?wn,: a co-ordinatea turn. The turn continues w&l1 
the spot of ll@, directed on the parnted toll of the compass card, reaches 
a posltlon Trh-Lch develops a voltage 1n the photo tube which satlsfles the 
turn-b&. trim motor. The systeln ~111 stablllze rrhen the voltage developed 
by &e photo tube corresponds to ihe voltage required to center the tum- 
ban!: contact pLlr In the zero-turn-rate posltlm. k s-Lnpllfled schematic 
dia[,ram of the ,112 Lnetlc-canvass ampltiler 1s shown In Fig. 3. 

CLfin-Lran~e CoL7nler -i.- 

T’lc ol;mlranGe cou:Qer I.S an acce ssorg to the autopIlot and ex- 
tends Its usefuinesc to lrclude automrtlc fll&t control In accordance 
rrl:h the VHT o,,mlrange lnformat;on. The addltlonal components requued 
for t.lls function are cortened m the omrange-coupler control box, 
Frg. h. The unit 1s shor?l r:ith the housln- removed ln 1”Lg. 5. The 
omn2.range receiver, ,:hlch In this mstallatlon was the Narco omnlgator, 
T’as aodifled to adapt It for autoprlot control. The operation of the 
receiver for navle;atlLon or comnunlcatlon purposes was not affected by 
ih? 1~ocllIlcatlaI. 

T,E course-selector control, -Lncludm& the potentlometor asso- 
mated ,rlt / It, was removed from the IIarco omnlgator and a Hellpot :-It11 
360-degree rotation was substliuteci and nounted in the omnlrange-coupler 
co Ttrol box. A Sensltrol relay (5-O-s mmcroamperes) was lnserted In 
series T i_th the course devlatlon Incilcator and rras also mounted In the 
o~~rznge-couyier control box. In adtiltlon to these cowponents, the con- 
trol box houses a d-c rIotor, relays, a gear train, and a shaft rrhlch 
provides remote control of the rotation of the pnoto tube and of the 
Lzht source asloclated XI? th the roaknetlc-compass coupler. 
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The omnwange coupler accomplishes its function by controllmg 
aircraft heading through the magnetic-compass coupler. A descnption of 
the method employed is as follars: In referring to Fig. 4, it vi11 be 
observed that the omnirange control box has t,ro control knobs. These 
control knobs position the pointers on the face of the Lnstrument. The 
sl.ngle-bar pointer, lrhich is mechanxalQ coupled to the 36O-degree 
EeLpot, is the omnlrange course sel.ector. The knob on the lover left 
controls the double-bar pointer, and by means of a flexible shaft It 
also controls the photo tube and the light source of the ma~etlc- 
compass colpler, affording heading selection. Inside the omnlcoupler 
control box, a gear train couples a d-c motor to the course-selector 
shaft and to the shaft vhich positions the magnetic-compass-coupler l-ght 
source. When the d-c motor is enerLxzed, it simultaneously drives the 
course selector (smgle-bar poLnter) and the magnetic-compass selector 
(double-bar pointer), thereby rotating the photo-tube and light-source 
ascexbly. 

The d-c motor LS connected, through relays, m series 111th the 
course deviation o.nd~ cator. ‘hen the pointer of the course deviation 
indicator deflects to the right or left, the contacts of the double-throrr 
Lensitrol relay m‘lke electrical contact to cause the d-c motor to initiate 
a sequence of actions tersnnatmg in a change of sarcraft heading in the 
proper do.rrct? on to fly toward the omnirange. The method employed for 
omnxan~e control can be visualized as equs.valent to substituting VOR 
informataon for manual selection of the magnetLc-compass selector setting. 

In order to use the omnirange coupler, the single- and double- 
bar poanters are aligner, so that they coincide. The omnirange 1s tuned 
m on Lhe VCR receiver and the TO-FROM switch IS thrown to the TO posi- 
tvon. The autopilot ~~11 then cause the airplane to fly torrard the 
station. If no crosswind component i s encountered, the track of the air- 
craft ~~11 be alon: an omniradial to the station. In the presence of a 
crosswind col,lponent, the track rnll be a spiral heading directly Into 
the wind as the station is approached. The effect IS analogous to that 
observed den flying an ADF. FligX along a straight track to the sta- 
tion can be accomplished by compensating for wind direction and velocity 
and by using techniques similar to those employed when flying an IWF 
track. 

A small amber lamp, visible to the pilot, is actuated by the 
TO-FROiI circuit in the omnigator. This lamp lights vhen the aircraft 
arrives ovor the omnirange, indicating that it has reached the station. 

All of the [inscopilot components, including the airborne radio 
equipment necessary for the operation of the omnirango co~>ler, a!ce sha 
in Figs. 6 and 7. 
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htopllot Controls -.--_ - 

P brief descrlotlon of the varx~us controis employed on the 
o:>errtion of the autop;lot 1~ srescnted here. The locatlon of the con- 
troLs on the ~nstruwnt panel 1s lllustrctec ln F-C. 6. 

1. ON-OFF ,wrltch. Thas sratch engages the avtop-Aot. In order to 
elwanatte any tendency of these contacts to influence the gyro, a cam on 
the s1ait of tills srrltch spreads the contact pl~r on the gyro-nor~zon 
~nci~a-cor Trhen the s-ntch 1s m the O?r’ posltlon. 

2, IIanual Turn Control. Thos knob controls the poclc=on of the 
rontact par irhxh IS on the moalfled gyro-horizon andxator and :.hlch 
crq:~es the center contact o; the roll-amcls ymbal. The knob 15 cal- 
lbrated for left and ro.srt turns, each dlvlslon reprcsentjnL 5 de:,rees 
of bank. Eank-angle controi 1s llnlted to 30 degrees m each dlrectlon. 

3. Pitch-Trim Control. Tins control, labeled ‘110s~ Up” and 
Wore Dorm,” provides manual posltlomn~ of that contact pair on the 
,yro no,!Ltion rrhlch engages the center contxt attached to the ?ltch- 
axis glmbsl. The l]rmts ere 5 derees above and below level flqht. 

4. ?ia&netlc-Compass Course Selector. TILLS knob IS connected by a 
flexible shaft to the ma,gnetlc compass. It 1s used to rotate the photo- 
tube and lqht-source assembly and thus to select the headIn: on rrhxh 
ihe awplene rnil stabilize. 

5. IIagnetx-Corqoass SlJltch. Tins snatch, labeled QI-OFF,lP con- 
trols the oarer to the compass amll~fier. 

6. Cmn:!cox~pler Slntch. Three posltlons are provldecl on tins 
s-0 tch: :‘O-OFF-FRON. IThen this sr3tch 1s in the OIFF posltlon, the omnl- 
I,ator can be operated as a ccnventional VCR receiver. In the TO posl- 
tlon, the omnlcouplcr IS engaged and the a-craft will fly a rhul,lb lmne 
to <#he station to 4llch the receiver LS tuned. In the PROIi posltlon, the 
aircraft ~nll fly away frcnn the cmwrange station. 

1. Omnlcoupler-Reset fish Button. ‘ihen activated, this button 
turns off the FROII amber light after the aircraft has aGaln reswed a 

TO course on the VOR. 

8. Omnlcourse Selector. Ths controls the smQe-bar pointer on 
the oi,micoupler-control box and is analogous to the course selector on 
the navlgatlon receiver. 

9. Course-Tram Control. This is a potentaometcr ;hxh controls 
the ratio of the voltages aonlled to the roll actuator motor. It pro- 
vldos a means for trlmrmng the aircraft to maxtnin e constant heading. 

. 
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lJel#t and Power Requrements 

'klflllt. In assesszng the weqht attributable to the avtopxlot 
system x&allatlon, the wel@ts of several conponents nhxh rrere modlfled 
are listed m Tabie I, both m ihe modlfled and unuxod;fled form. Tills 1s 
apixoxxate sxxe the fl2ght lnstrwnent s involved serve as useful or neces- 
bary xstruments, tnelr use beag only negli;&bly sfi'ected by the mo?u&a- 
hon. Ths ap~lles to the ma&n&x compass, the turn-bank mcxator, and 
the gyro-horizon xndlcator. 

TABLE I 

C mponent --- 

Gyro-Horlz:cn Indicator (X011) 
Turn-Bank Indicator (with 

ElectrIcal cabling) 
Gyro-Horxon Indxntor (Pitch) 
I:a,qetx Coml~ass, L3.ght Source, 

and Photo-Tube Assembly 
(lath electrxal cablmg) 

Compass hmpllfler 
Omnxou>ler 
Roll lictuator (r,lth associated 

cables) 
F'ltch !&uator (rnth associated 

cables) 
Relay Box a.ld Control Panel 

P'ltch-Control Srn.tch) 
Cow-e Trm Cnntrol ) 
Circuit Breaker 1 

Nechanxal Feedback Couplx~g 
(aleron) 

Xechamcal Teedback Cou llng 
(elevator) 

Plagnzix-Compass Couoler 
Balance Indicator (yrlth 
electrical cablmg) 

Rudder-L:lieron Co-or&natlo, Iilt 

I~xcellaneous Hardware 

T otsl 

Unmodified 
'lelght 

FOXT 

4s 

1.5 
4.5 

1.6 

12.1 

6.2 1.7 

0.9 
1.2 

3.h 1.6 
2.7 2.7 
2.6 2.6 

4.2 4.2 

4.4 
2.9 ;*: l 

0.3 0.3 

0.3 0.3 

0.8 0.6 
3.3 3.3 
1.3 1.3 

40s 28?4 



The wel:ht can be classlfled according to the function provlded 
as shown an Tables II, III, IV, and V. 

T&EL23 II 

component 
Unmodlfled 

' Tel&t 
-(FOS 

G:v?o-Hor-~zon Indwator (Roll) 
Turn-Bank Indicator (r,nth 

electrical cabling but 
wIthout, trim motor) 

Roll Actuator (>nth associated 
cables) 

Relay 80x 
Iiechanlcal Feedback Coupling 

I~LE!%~I%us Hardfare I 
Rudder-Aileron Co-ordLnatlo,l i;lt 

4.5 

1.5 

Total 

>- Estimated. 

6.0 

TraLC III 

?TKH-CCNT'I?OL'JiXG1~S 

Component 

Gyro-IIor-Lzon Indxator (Pitch: 
Pitch Actuator (with associated 

cables) 
Relay Box 
1,echanlcal &edback Coupling 
h~scellaneous Hardware 

4.5 

Total 4.5 

TJelght 
Nodlfled Assxnable 
"eight To AutopIlot 

7TjTzim (Pounds) 

6.2 1.7 

1.8 0.3 

4.2 h.2 
1..5* 1.h 

0.3 0.3 
0.bt 0.113t 
3.3 3.3 

17.7 Y.7 

'Jeight 
Hodlfied Assignable 
'lelght To !.&oplld 

=(TzGm 
--_-- 

(Pountisj- 

5.7 1.2 

4.4 4.4 
1.43: l.Llir 
0.3 0.3 
0.3* 0.3 

12.1 7.6 

'.$ Estimated. 
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TfBLiY IV 

MAGNETIC -CO~.PAS,C-COiiEER 'iLICRT: 

Mafgetlc Compass, j3 ght Source, 
and ?hoto-Tube Assembly (rrith 
electrical CablmG) 

Turn-Balll:-irlddlcntor Trim ilotor 
Compass Amplifier 
ilagnetic-Com2a.x Coupler-Balance 

Indicator (and associated 
clectrlcal v1rang) 

Miscellaneous Hardnare 

1.6 

c 

Total 1.6 

Component 

Unmodified 
:req,ht 

7FzGiisJ 

TABLE V 

1 ‘eight 
Modif led Assirmable 
Veight To Autopilot 

-(Foundss Pounds 

0.8 0.8 
0.31: 0.p 

7.8 6.2 

Urx1oda.f led 
‘Jeight 

1Iodifxed Assignable 
IeIght ‘:elght To Autopilot 

-7pzaT (Pounds) (Pounds) 

Cmnxoupler 
liiscellnneous Hardware 

Total 

4~ Estimated 

2.6 2.6 
0.3ic 0.3+* 

2.9 2.9 

Power. All electrical porrer required to operate the autopilot 
is supplied by khe aircraft 12-volt, d-c supply. The roll- and pitch- 
actuator rllotors consume approxLmately 24 watts each -Then deliverlng full 
po’rcr. The orrnlrenge coupler consumes lL\ watts manmum (this is an inter- 
ml’6 tent demand) + The magnetic-compas: -coupler amplifier uses 28 rratts. 
The power consumption of the trim motor and relays is negligible. 



10 

A serxes of fll:ht tests eras conducted during rrlxch recordrngs 
of performance rlere made. TDEC pilots also made observations Trhlle 1n 
raltule flight and during recover; from unusual attitudes. The equipment 
-sscmbled m the aIrplane for malclng recordings connsted of an Esterlxe- 
in:us recorder and a vacuum-driven dlrectlonal gjrro, en Aneroid altmeter, 
and a vertxal ~0, all ,Tlth prov;slons for electrxcal pick-of<. The 
test equlpment 1s sham m 3a.g. 9. 

Roli -Axs Control --- 

A record tar of roil-axis performance 1s shorrn m Log. 10. As 
ralli be noted from the @%$l, the stabtiLty In the roll axis IELS very 
;>o>d, d~splacemcni about the roll a;as bean& conimed to approximately 
plus or :MXIS 3 degrees. In fllg't, these relatively rapid osclilatlons 
are not detected and are not associated irlth any roughness. 

'Then the airplane eras manually controlled -into a JO-degree or 
greater bank and released, -bhe autop;lot accom,lllshed a smooth recovery 
and no osclliatlon coLtid be retected as the aircraft returned to level 
fllht. 

Since the heading of the a:rcraft must be recogrnzed as a 
function of Its roil attitude, recordJngs 1Jere made of arcraft heading 
rrltl! roll control engaged. The resldts are sho~m U-I Figs. 11, 12, and 13. 
These recordlncs ;rere in each mnstence started after the autopilot roll 
control ES trlmned for level fl;ght. It ~~111 be noted that hea&ng was 
held apxonnately constant for the mntervals of time recorded. 

In obtalnmC the recordxgs of heading, the aircraft ws first 
trlmxd for level il-Lght and Its headzn[, lids noted from observation of 
sectIon l-nes. The recordxng boo r~ae then caged and released. At the 
coldpletian of the recordmg, the alrcrafi was manually flolm on the 
orl;ln?l heac'ln~ zd the gyro -Tas age= cai,ed. Smce the c3fference 
beween the bra settd-s of the gyro an the ca;ed poslt:on Tiould be a 
measure of eflo prccesslon, tins method pronoes a means for compewatxna 
for yro precession. 

T!le results of measurements of yw-a,ns stab.blllty over longer 
periods ml1 bc discussed father 111 a later ?art of this report. It 
~111 be noted chat the Crap!~ shorrm, hesdm: stabLllty Tere recorded 
T,lth l)ot'h patch and roll controls eng?;,ed. %scntla:iy the seme results 
rro~Jd lx oijtamed if pitch control TIerc no-i. used. Ths was confxxned on 
later te,ts. 
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Pitch Control 

The results of tests to determine pitch-axas stability are 
illustrated in figs. ti and 15. The recordings shorr that pitch control 
was effective in confining the excursions about the pitch axis to aporor:- 
mately 2 degrees. "l:lle altitude control is not incorporated in the 
autopilot, it IS of interest to observe the effect of pitch control on 
altitude. A typical recording is shoun in Fig. 16. TLm.s 1s not typical 
in the sense that the performance would be duplicated 1~1 atmospherx 
conditions uhere severe thermals are encountered; but neither does it 
re$esent unusualiy favorable atmospheric conditions, since dunng most 
of the fl-ght testlnL this degree of performance was obtained. In 
Fig. 17 the effectiveness of pitch control 111 malntalning a uniform rate 
0.F Cllnlb 1.5 shown. 

Roll Lnd Pitch Control 

The effectiveness of roll and pitch control durvlg turns was 
measured by recordmg altitude throughout the turn. Fig. 18 shorrs a 
recordinL of altitude dcrmg a 360-deLrec turn with l!Y'-degree bank, and 
Fig. 19 LS a recording of a 360-degree turn -nth 30-degree bank. 

Ma~netx-Compass Counler --A_ 

The graphs previously discus-e d showed that the autopilot, &en 
properly trimmed and when the roll-and pitch-an5 controls rrere engaged, 
maintained essentially constant headin, v for the time interval recorded. 
However, under these conditions the heading of the ?Jrcraft rnll not 
remain constant mdeimitely. The period for which heading *ml! remain 
constant depends on the degree of turbulence and on other conditions of 
the atmospnere. If these are such that they show a preponderence in one 
direction, a corresponding change 1' heading ~nll result when no heading 
reierencc ?s employed. 

The magnetic-compass coupler provides a method for usng the 
magnetic compass as a headang reference, and its efi'octiveness ;~as eval- 
uated in trro ways. In Figs. 20, 21, 22, and 23, the results showa irere 
oot=la.ned in the following manner. A magetx-compass headmg Tras selected, 
the aircraft 'Jas manually controlled to assume this heading; the gyro lras 
caged, then uncasd; and the aircraft rras manually displaced by ap?roou- 
mately 20 degrees and released. 'Jith the compass-coupler headmb selector 
sot for east, rTest, or south, tine recordings show that the autopilot 
qulCl:ly returnee, the sircraft to the selected head ng. -Jhen north head- 
~ng nas selected, harever, the response rras consic'ersbly slower. 'This 
performance is inherent with this type of control, since the magnetic 
compass has a decided indication lag on northerly headings. 

In another test of tie magnetic-compass-coupler performance, a 
cross-country flight was recorded. The flight originated at Indianapolis, 
Indiana, with Vsndalia, Ohyo, as the destination, a distance of ll2 miles. 
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After tahe-off, the magnetic-compass-coupler headxng selector was set to 
agree irlth the bearmg of tile course to the destination and was compen- 
sated for maknetlc variation, compass deviation, and rslnd. The autopilot 
successfully guided the aircraft to the destination. A plot of the track 
of t.le aircraft is shown in FLY. 2b, and a contmnuous recording of the 
en route heac'In[, LS sham in 19;. 25'. It rrill be observed that the head- 
1~1~ is not as stable as TIhen roll and oitch control only is engaged but 
that the ma-netic-compass coupler is efiectlve in maintamIng an average 
headLng necessary for flying a straight trac!;. 

On ti,e return flight from Vandalia, Ohio, to Inbanapolis, the 
airplane rras started on a track directed to Intisnapolis and the autopilot 
roll- ano pitch-axis control only was engaged. The plot of the track 15 
shol;n in Fig. 26 and the neaduag is recorded in Fig. 27. Short-oeriod 
excursions of heading are confined to approximately plus or minus 3 
deLrecs; but over long periods the heading drifts considerably, and this 
IS reflected on the plot of the track of the aircraft. 

Omnirsn~e Coupler -- 

Pl?-lg!rt tests to detcrm-ne the perfomwrce of the omnirange 
coupler were conducted on a calm day and 2J.50 during a period iThen a 
3%knot oind prevailed. The tests consisted of a succession of trials 
to observe the track of the aircraft from the time the omrnrange coupler 
was engaged Then the aircraft was ap?roxlmately 20 miles from the VOR. 

'Jhen the 30-lolot wind was encountered, the startmg points for 
the trials Trere chosen in such a marmer that they required the aircraft 
to fly directions rrith and against the wind, and perpendicular to it for 
a straight track to the VOR. Figs. 28, 29, 30, and 31 show the track of 
the aircraft 3rhen controlled by the omnirange coupler from startang points 
approximately 20 miles south, east, north, and west, respectively. The 
rend rras 6 knots northeast. The tracks starting from points south or east 
led directly over the stataon; but frcnn startang points north or west the 
aircraft did not arrive directly over the station, the errors being l/b 
mie and 3/b mle, respectively. 

It wall be noted that each track exhibits the same tendency to 
approach the station along a wth curved counterclockrise. This cannot 
be accounted for by the dire&Ion of the wind. A likely explanation, 
xhich Tras sup?ortcd by further flight tests, 15 that the photo-tube and 
lqht-source assembly associated L%th the magnetx-coqxass coupler was 
not xcoperly oriented with respect to the ma3,gnetic-compass card. 

The tracks plotted In 7qs. 32, 33, 3h, and 35 were flam lrhen 
the TJmd was 30 knots at 335 degrees. It is significant that the tracks 
f1or.m F'Lth and aCaanst the rnnd are characterized by the same curvature 
as those flown previously in a cal;n-wind condition. T:us would seem to 
establish that the curvature is not affected by the wand conditions. 
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The tracks flown from star-tlng points causing the aircraft to 
fly croscwlnd are revealmg. 'fhen the startzg point was northeast of 
uo statIon, the track 372s affected by the wind m a mznner to compensate 
for the inherent error ;n the equipment. When the starting point rras 
southwest of the statlon, the dlrcctlon of the wind was such that 1.t 
exaggerated the equ-Lpment error. The tracks plotted m Figs. 33 and 35 
reflect these condltwns. 

Flnall~~, the track shorm in 3Yg. 36 shows that the equipment 3s 
potentoally capable of flying a straight track to the station IThen a rel- 
atlvely high crosswuld prevails. Tins track resulted Then the lnlttlal 
setting of the omnlcoupler pointer was hsplaced from the magnetic-headmg 
selector to agree Fnth the crossrrlnd component. 

FLIGHI ChAFIACTF~~5TICS 

The foregomg text describes each of the more or less standard 
maneuvers -nth which the autopllot was deslgned to cope. However, It was 
believed that for a complete functwnal evaluation, other maneuvers of a 
more drastic nature should be imposed. During a series of tests, the 
autopilot pitch and roll were engaged continuously (except as noted) and 
were overpcnrered by the human pIlot In order to place the amcraft m 
"unumal posltlons." The follanng descmptlons relate to the autopIlot 
performance after the controls were released. 

Stall, Power On -- 

A cru~s~g power, straight and level, nose-high stall rras 
entered. After the fwst sign of a complete stall was encountered, the 
aircraft was released. The autopIlot caused the aIrcraft to assume a 
nose-below-the-horizon attitude and to gain air speed. As crulslng 
speed was approached, the alrcraft Gradually and smoothly returned to 
level fllcht and remalned there. A slight change of dIrectIon was noted 
before straight fllpht rras resumed. T~YLS resulted from the abruptness of 
air-speed change wherein the turn-and-bank trim motor rras unable to operate 
rapidly enough to compensate for elrcraft nggmg. No overshootlng or 
osclllatlng was noted about the pitch axis. 

Stall, Power Off - 

The power-off stall was entered fron a straight and level flight 
m a three-point attitude. As before, the alrcrsft was released after a 
complete stall was encountered. The recovery was slmlar to the parer-on 
recovery with one exceptlon: Instead of returning to level flight, the 
aircraft was brought to equlllbrlum UI a tilde (power still off) \rhoch 
allorred a safe air speed to be mamtalned. 'Ihen crulslng parer was 
applied, the aircraft returned to level floght as before. Again, slight 
dlrectlonal changes Trere observed for reasons previously noted. 



Climbing Turns, Power On 

The aircraft was manually forced into LS-deLree, banked, steep, 
climoing turns, then released. Roll and pitch recoveries ?'ere samultan- 
eous, and after the wings became level the recoveries progressed as 
described previously under parer-on stalls. 

Spirals 

The aircraft rras allowed to enter a diving, parer-on spiral with 
the autopilot disengogerl. Recovery was made by the auto@ot as soon as 
It was engaged. A slight over-correckon was noted, causing a gradual 
turn in the ooposite direction before straight and level flight was 
resumed. 

Simulated Power Failures 

Autopilot pitch and roll controls rrere continuously engaged 
during these tests. In each test all changes in throttle, pitch trim, 
and roll control were accomplished manually. All changes in aircraft 
attitude as a result of these manual AdJuStmentS are attributed directly 
to the autopilot performance. 

A full-porrer steep climb rras entered .nth the pitch trim in the 
max~mwn nose-high position. An air speed of 93 mph was maintained. The 
throttle was then closed causm~ the nose to lo+rer, and the aircraft 
entered a glide at a speed oscillating between 8.5 and 90 mph. A slight 
n,ht turn was noted. 

The m-um (30-degree) bank and nose-up trim were applied. The 
power xas reduced from cruis-ng to idlmg. The air speed dropped to approx- 
imately 95 mph. A safe glide and the same angle of ban!< were maintained. 
Results xTere the same for turns on either direction. 

Slow flight was mantamed by using maxrmum nose-up trim on the 
patch control. Power fa&n-e was simulated. The air speed changed from 
85 mph berore power failure to a 90 mph Qide after failure. Full throttle 
was then added to detervune the autcpilot reaction. A climb :ras established 
at an sir speed of 95 mph straight ahead. At no time was a dangerous ar 
speed or attitude evident. 

Polrer failure at straitit and level flight resulted in an air- 
speed change from 118 mph to 95 mph rnth a l,COO-fpm descent. A slight 
heading change was noted. 

The campass coupler was not used during any of the foregoing 
tests because its stability is questionable under conditions where any 
turbulence or unusual attitudes may be encountered, It was found in pre- 
vious tests that a heading could be maintained more accurately in turbulence 
for short periods of time without the magnetic-compass coupler. 



The forces necessary to override the autopilot were noted in 
flight rrhen the controls were operated manually rnth the autopilot en- 
gaged. 'Then the aircraft was fioTn in this manner it was evldent from 
the st] ffness of the contra' column that the autopilot IUS engaged, but 
ihls did not serlowly affect 81anusl control. 

CCNCLUSICKS 

It is concluded that the equipment meets the design obJectJve 
by a comeortaolc margin. The nJto:J]lot performs in a thoroughly safis- 
factory ad rcllab.b;c manner and, iron an 1nsFection of the components, 
it IS evident that con~,derdble ingw,uity was exercised in the mechanical 
desqn. 

The lgelght, size, 2nd. power requireTents of the system are com- 
patlblr Inth the capacity of 11ght aircraft, During the flight tests 
uhlch oerc devoted to observmi, how safely the autopilot performed, the 
results TTere very favoraols- This x slLn9icaril, since a familiar cause 
of accldcnts to the plivato flyer 3s traceable to ihe pilot's inablllty 
to control the alrcraitis ?ttLtJde when reference to the horizon 1s lo;&. 

Finally, it 1s concluded that the autopilot contributes to the 
enJoymfmt of private flymg, smce m a routine flight It can relieve tne 
pilot of constant attention to maint~mmg attitude end heading. 

It is recognized that these recommendations include some items 
which are the normal consequence of a hand-made experimontol model, and 
their correction in prcductlon is obvious. Honever, since this report 
reflects the performance of the equqment rls rccelved, those easily or 
obviously correctable items are iisted along 111th others Trhich lrere 
observed as the tests progressed. 

1. The turn control is calibrated in ~-degree increments of bank on 
each side of a center position. These increments are small and the level 
flight or center position is not easily distinguishable. --hen the burn 
control is in any position other than center, the electrical connecticn 
to the turn-bank co&act 1s b-oken and the autopitot does not perform as 
designed for level-flight operation. It is possible to mistake the 5'- 
degree detent for the center position. It I.S recommended that the detents 
be spread over a longer arc. 

2. The card of the magnetic cornruss is poorly illuminated. 

3. It 1s possible to turn on the autopilot while taxiing, iwith the 
result that the contact pair on the gyro-horizon indicator may be dis- 
placed from level-flight position. If, subsequently, the autopilot IS 
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engaged in flight, the aircraft tn.11 assume an angle of bank before 
stabilizing in level flight. It is recommended that some provision be 
incorporated to prevent this condltlon. 

L. The msts71s~~nn in the Piper Pacer was provided with a meter 
to Inmcate ?roper cakxe m the mapewc-coupler amplifier. For 
proper autopilot operation it 1s necessary to set this meter at a volt- 
sge previously detsrmned as the setting for level flight. This IS a 
detail =hhlch gave conclderable trouble to pilots unfamiliar 711th the 
oporstlon 01 the ec~~pr-XI!,. 

2'd T':s rudcar-ail>-- --a co-rxdmatlon 1s advaqtageolls and necessary 
for ii&d on autopIlot control, but, for manual flight, ta:rJ&ng, and 
especi&ltiJ for take-oif 2nd landing, -Lt would be very desirable fi a 
imeans were ppovlded for d]sengaginL this co-ordinatlcn linkage. 

6. The photo tube and the light source which are assembled on the 
m2gle L3.c co1 72s 7 CZY, he or~~,~k?d ln reiniy.cY t,o the azimuth r-In;, but 
no c'e',cnt is ,row.sd CG o\?ber.,m? :I'lzn It 1s ccrrectly orTented. Tnls 
rras the probable csuso o: the inconsistent results whiLh were observed 
rghen the omnlrange coupler rras evaluated. It is recolinended that some 
form of detent or index mark be provided. 

7. The omnirangc coupler provides for autopilot control of flight 
usmg VOX in_forzation. However, the track to the station departs con- 
slderably from a straight line rrhen severe crossrmnds are encountered. 
The usefulness of the omnirange coupler rrould be extended a great deal 
if it should function to provide automatic flight along a radial track 
to the ownrange. 
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FIG 24 PLOT OF AIRPLANE TRACK FROM INDIANAPOLIS, IND TO VANDALIA, OHIO 
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FIG 27 RECORDlhG OF ENROUTE nEADlf\lG DEPARTU9E FROM VbN3ALlA, OHIO. DESTINATION INDIANAPOLIS, IND 
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