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BEVALUATION OT THE ANGCOPILOT

SUITARY

The Anscopilot 15 an autopilot for aarcraft of the praivate-
flyer cless. It 1s an electromechanical system with the desipn emphasis
on relijability, lirht veight, and low cost. Tins report explains the
operation of the eguimment and describes the performance oltained during
a series of flirht tesis conducted at the CAA Technical Development and
Evaluation Center in a Piper Pacer airplanc.

INTRODUCTICH

The complexaty, hiagh cost, and weipght of conmercially available
avtopilot systems prompted !ir. llonroe Sveet of Ansco Division of General
Aniline and Film Corperation to attempt the development of a simplifaed
antomilot suirtable for aircraft of the private-flyer class. The design
7as interded to emphasize simolicity ana reliability and, 1f necessary,
to comprontise some performancc characteristics not considered essentaal
to the private flyer.

The impressive results secured from an experimental nodel in
a Navion caused JAnsco to encourage its further developmenl torard a markebt-
able equipment. In 1952, the Cival leronautics Admnmistration entered
into 2 centractual agreement wmith Ansco Divasion of General Anilaine and
Falm Corporation for the installation of an experamental model of the
Anscopilet 1n a Piper Pacer airplane yhich was rented for the purpose.
The contract specified that the aulaopilot i1nstellation must provide for
control of the aircraft about ihe roll and pitch axes and must include
provision for aubtomatic flirhl on anv selected magnetic heading and for
homng cn omnmirange stations. The equapment as installed in the Piper
Facer satisfied these requirements. This report explains the operation
of the equipment and describes the periormance obtained in a series of
flirht tests conducted at TDEC.

DESCRIFPTICN

Roll=-Ax1s Control

The most important and unique design feature of the Anscopilot
15 embodied 1n the roll-axis conbtiol. Roll-axas control uses a modified
gyro horizon indicabor. The modificatimm involves mounting a pair of
movable contacts on an assembly attached to the rear of the aindicator.
These contacts are so located and spaced that they engage a center con-
tact secured to the roll-axas gimbal of the gyro. 'Then the gyro ax.s is
erect and the aircraft i1s in lewvel flicht, the center contact does not
touch either one of the movable contacts. "Then the eireraft 1s displaced
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in roll, contact 1s establiched between the center contact and one of the
movable contacts, and this closes a relay, cnergizing the roll-actuator
notor to move the ailerons in a direction to returnm the aircraft to level
flight.

Fig. 1 11lustrates a comlete cycle of operation from the time
the aireraft 1s disturbed by a sudden gust until 1t 15 returned to level
flighte The 1Vlustration 1s not an accurate renresentation of the nechan-
1cal Jayout, but accuracy i1s sacrificed here in the interest of clarifying
the prineiple of operation.

Roll-axas conlrol also utilizes xnformation from the turn-bank
indicator. The modification of this inctrument also involves the use of
a pair of contacts, so located anG spaced that they engage a movable
center comact. The center contect 1s attached to an arm pLvoted about
the seme axis as the pointer of the twrn inaicator and moves in accord-
ance uith the posilion of the pointer. 1then the aircraft enters a turn,
contact 15 establiched between the cenler contact and one of the contact
naar, cleosing, a relay which energizes lhe gyro-horizon trim motor to
change the position of the contacl pair on the gyro horizon. The contact
pair on the turn-bank indicator 1s aovable 1n an arc about the center
contact, and this movement s controlled by the turn-bank trim motor.
The purpose of this arrangement 1s discucssed later.

The contact pair on the gyro-horizon indicator 1s assembled in
a manner vhich permits 1t to be moved n an arc about lhe center contact.
The contact pair can be displaced alon; the arc in several ways, sach of
which accomplishes a specific purpose. These ways are by: (1) the manual
turn control; (2) the gyro-horazon tram motor, rwthich 1s energized in
accordance with informaiion from the turn-bank indicator; and (3) mechan-
1cal coupling belueen the contact pair and the aileron cables.

'hen the position of the contact pair is changed from the normal
or level fli ht position by the marmal turn-control knob, the airplane
mll stabilize 1n 2 banlked ztlzitude corresponding to the changed position
of the contact pair and will result in a co-ordinated turn, Rudder-
avleron co=-ordination is not provided by the autoparlot but must be pro-
vided on the arrplamne as a separate modification. On the Piper Pacer
which vas used for the flight tests to be described, this modification
vas accomplished orior to the autopilot installation.

Then the gyro-horizon contact pair i1s an the level-flight posi-
tion and the aircraft deviates fran straight flight, the turn-bank indi-
cator senses the turn and contact is nade betueen the center contact and
one of the contacl pair on the tum-bank indicator, enercizing the gyro-
horizcen trim mocor and causing the contact pair ol the gyro horizon to
initizte 2 co-ordinated turn to return the aireroft to straieht flight.

The movement of the horizon-cyro contact pair by mechanical
feedback 1s analogrous to negative feedback a5 employed in electrical

Lin
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circuits. A mechanical linkape between the aileron-control cable and the
shaft about vfhaich the contact pair rotates nrovades this feedback. It is
negative feedback because the sensing is such that when the aileron cable
moves the contact pair i1s moved 1n a direction to opoose this motion.
This feedback action 1s responsible for ihe smooth recovery which the
autopirlot accompliches vhen returning to level flaght.

Pitch-Axas Control

Pitch-axis control 1s accomplished in essentially the same
manner as roll-axis control. The gyro~horizon andicator is modified by
attach ng a contact pair which engages a center conbtact mounted on the
pitch=axas gimbal. When the aircraft 1s displaced about the piteh axis
Trom the level-fliiht position, tae center contact establishes contact
yathh one of uvhe contact pair, enerpizing the pitch-actuator motor to move
the elevator in the daireclion to retwumn the aircraft to level flight.

The poriticn of the contact pair can be controlled manually, end the
control provided for this purpcse constatutes the autopilot pitch tram
control, A trim motor is not used to positien the cenlact pair since the
autoprlot does not include altitude control. In the experimental model
ipstalled in the Paper Pacer, a separate gyro-horizon incicator was used
for pitch control. The same gyro vhich was modified for roll-axis control
can be used, but delivery wras expedited by the use of the two gyros.

Mapnetic-Compass Coupler

nth autopilet roll- and piteh-axas control, the aircraft is
marntained i1n essentially level flight and =nll fly a constant heading.
However, 1f the ailrcraft 1s disturbed from 1ts level-flight attatude by
gusts rhich predominate 1in a direction diflerent from the i1nitial heading,
t.ae autopilot w1ll conbrol attituae to maantern average level fiaight but
the heading will change. If patch- and roll-axas control only are emnnloyed,
the aircraft will not containue on a constant headaing indefinitely. The
magnetic-compass coupler provides a means for automatically maintsinang
the aireraft on any selected macnetic heading.

A standard llodel B-16 ma2gnetic compass 1s modified to provide a
source of heading information. The top of the compass card is divided
anto two 18C-derree segments vy painting one half white and the other half
black. A lichl source i1s directed onto the top of the card, and the re-
flected l:ght 1s collected on a photosensitive tube. The laght source
and the photo tube are mounted on 2 rotatable asrembly which 135 feared to
the head-ng-selector contrel. Tins control determines the position of
the spot of light on the compass card. See Tig. 2. The system operates
%o cause the arrplane to enter and to contirue a turn until the spob of
li:ht rests on the same black-vhite daviding line on the ton of the compass
carde The ambiguity of 180 degrees 1s inherently eliminated. The air-
craft heading will stabilize at a value corresponding to the position of
the spot of light; and this position, and hence the desired heading, 1s
selected by the heading-selector controle. The system employed 1s a
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feedback~control system. The controlled system 1s the aircraft; the
reference 1nput 1s the poscition of the erot of laght; anc the controlled
variable 1s the heading of tle circralt.

The oneretaen of the marnetic-compass coupler system 15 as fol-
“ows: The output of the photo tube 1s applied to the compass-coupler
amnly2er, where 1t 1s compared to the voltage at the arm of the turn-bank
potentiomeber whach 15 mechanically coupled to the turn-bank trim motor,

The turn-banlt tram moior -nl1l run and rotate the turn-bank con-
tact prir untal the voltage at the samm ol the potentiometer balances the
voltage supplied by the phovo tube. The voltage supplied by the photo
tubc 15 a variaule depending, on the position of the spot of li ht on the
peiatec darec. Ab same narticuler voltage velue, the turn-bank traim motor
1.1 cane to rest watn the conbect pair in such a position thst the center
co Lact 15 centered and the turm-bonl pointer 1s indicating zero turn rate.

‘Then the center contact associated with the turn-bank contact
parr mekes electrical contact to ealher one of ithe parr, the gyro-horizon
trin motor 1. cnergized, causing a displecement of the gyro-horizon con-
tact mair and initieting a2 co-ordinatec turn. The turn continues untal
the spot of light, directed on the painted top of the compass card, reaches
a positaion vthich develops a voltaze in the photo tube which satisfies the
turn-banl. trim motor. The systen 11l stabilize vhen the voltage developed
by Jhe photo tube corresponds to the voltage required to center the turn-
bani: contact p.ir in the zero-lum-rate positien. A simplifaied schematic
daiagram of the wme-netic-counass amplifier 15 shown in Fig. 3.

Qunirange Coopler

The onnirange couonler 15 an accessory to the autopilet and ex-
tends 1¥s vsefulnesc to irciude aubometiec flaght centrol in accordance
vith the VHI' aimirange information. The additional components required
for tais function are cortaned in the ommirange-coupler control box,
Fig. hs The unit 15 shorm with the housin- removed in Tige 5. The
ormirange receiver, -mich in this inslallaticon was the Harco omnigator,
1ras modified to adapt 1t for avvorilot controls. The operation of the
recelver for navigation or communication purposes was not affected by
Lho rocificataom.

Tae course-selector control, wnecluding the potenticmeter asseo-
ciated -rit 1t, was removed from the Jarco onnigator and a Helipot tath
360-degrec rotalion was substiiubed and mounted in the omnirangs-coupler
cotrol box. A fensitrol relay (5-0=5 roceroamperes) was inserted in
series - ith the course deviatien tnaicator and wras also mounted in the
cunirange-coupnler control box. In aduition to these components, the con-
trol box houses a d-¢ rotor, rclays, a pear train, and a shaft whach
rrovides remote control of the rolation of the pnoto tube anc of the
1l.sht source asc.ociated ipth the mapnetic-compass coupler,
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The omnirange coupler accomplishes 1ts function by controllaing
aircraft heading through the magnetic-compass coupler. A description of
the method employed 15 as follews: In referrang Lo Figs L, 1t 111l be
observed that the omnirange control box has two control knobs. These
control knobs position the pointers on the face of the instrument. The
s1ngle-bar pointer, 1hich 15 mechanically coupled to the 360-degree
Eelipot, 1s the emnirange course selector. The knob on the lover left
controls Lhe double-bar pointer, and by means of a flexable shaft 1t
also controls the photo tube and the laght source of the magnetic-
compass cospler, affordine heading selection. Inside the omnicoupler
control box, a gear train couples a d-c motor to the course-selector
chaft and to the shaft which positieons the magnetic-compasc-coupler 1light
source. When the d=-c motor 1s energazed, 1t simultanecusly drives the
course selector (single-bar pointer) and the magnetic-compass selector
{dovble-bar pointer), thereby rolating the photo-tube and light-source
ascenblys

The d-c motor 15 connected, through relays, in series iith the
course deviatien andicator. “hen the pointer of the course deviation
1ndicator deflects to the right or left, the contacts of the double-throm
censatrol relay moke electrical contact to cause the d-c motor to initiate
a sequence of actions terminating in a change of aircrsft heading in the
prover dircction to fly toward the ommirange. The method employed for
ommirange conbrol can be visualized as equivalent to substitubting VOR
information for manual selection of the magnetic-compass selector setting.

In order to use the gmnirange coupler, the single- and double-
bar pointers 2re alignec so that they coincide., The omnirange 15 tuned
in on vhe WE receiver and the TO-FROM suitch 1s thrown to the TO posi-
tion. The aubopilol will then cause the airplane to fliy torrard the
steton. If no erosswind component 1S encountered, the track of the air-
craft will be alons an ommiradial to the station. In the presence of a
crossw.nd component, the trach 1ll be a spiral heading darectly into
the wind as the stalion ic approached. The effect 15 analogous to that
observed when flying an ALF. TFlaght =along a straight track to the sta-
ti1on can be accomplished by compensating for wind direction and velocity
and by using techniques simlar to those employed when flying an ADF
track.

A small amber lamp, visible to the pileot, 1s actuated by the
TO-FROII cireurt in the omnigator. This lamp lights vhen the aircraft
arrives over the omnirange, indicating that it has reached the station.

Al11 of the Anscopilot components, including the airborne radio
equipmént necessary for the operataon of the omnirange coupler, are shoun
imn Flgs. 6 and ?u



Autopalot Controls

I braef descristicn of Lhe wveracus controls employed in the
onerstion of the autooilot ac oresented here. The location of the con-

In

trows on the insiruncnl panel 1s 1llustritec 1n Foge O.

l. ON=-CFFf .ratehs Thas sipbeh engages the avtopilet. In order to
eli.anate any tendency of these contacts to influence the gyro, a cam on
the snalt of this svateh spreads the contact prir on the gyro-horizon
indicator hen the smich 1s in the 0IT position.

2. Ilemuzl Turn Contreol. This knob controls the position of the
contact parir vhich 1s on the moaified gyro-horizon indicator and fhich
cngeges the center contact of lhe roll-axs gumbal. The knob 1s cal-
ibrated for lefi and racht turns, cach division representing 5 de;rees
of bLank. Bank-angle control 1s limited to 30 degrees in each directaon.

3+ Parteh-Trim Control. Tius coibrel, labeled Mlose UpY and
Ulioce Dowm," provides manual positioning of that contect pair on the
cyro norivon which engages the center contact atlached to the nitch-
ax1s cirbal. The limits sre 5 de-rees above and belor level fluicht.

i liegnetic-Compass Course Selector. This knob 15 connccted by a
flexible shaft to the magnetic compass. It 1s used to rotate the photo-
tube and lirth-source asseambly and thus to select the heading con vhach
the airplzne will stabilize.

5. llzgnetic-Ccmpass Straitehe T'ns siatch, labeled "C1-OFF," con-
trols the porer to the compass amilifier.

6+ Omnzcouvpler Swateh. Throe positions are provided on this
satch: "V0-0FF-FROM. 1then this smibteh 15 on the OFF position, the omni-
wator can be operated as a ccnventional VR recexver. In the TO posi-
tion, the onnicoupler i1s engaged end the aircraft will fly a rhuab line
to 1he station to vhich the receiver .s tuned. In the FRQII position, the
aircraft mll fly away fram the ommiranpe station.

{« COmnicoupler-Reset Push Button. °‘ihen aclivaited, this bubtton
turns off the TROI amber light afler the zircraft has ajain resuwed a
TO course on the VCR.

8« Omnicourse Sclector. This controls the single-bar pointer on
the oimicounler-contrel box and 15 analopous to the course selector on
the nevapgation receiver.

9. Course-Trim Control. This 15 a potentaometer vhich controles
the ral'o of the voltages annlied to the roll actuator motor. It pro-
vides a means for trimming the aircraft to marntarn ¢ constant heading.



Jerght and Power Requirements

‘Tearht. TIn assessing the veisht attributable to the avtoprlot
system 1astallation, the ueiglhite of several corponents vhich were modified
are listed in Table I, both in ihe modified and unmodified form. This as
aporonriate since the fl1ight instruments invelived serve as useful or neces-
sary nstruments, taeir use be.ng only negligibly affected by the modifica-
tion. This applies to the magnetic compass, the tumm-bank incicator, and
the gyro-horizon ndicator.

TABLE T

IOTG.ITE OF A TECOPLLCT COMo’CNTTS

*"e1ight
Unmodified liodilied  Assignable
Component "Terght ferght To utoprlot
T (Poundsy (Poands) (FPounds)

Gyro-Horizen Indicator (Loll) L5 6.2 1.7
Turn-Bank Indicator (with

Blectrical cabling) 1.5 2.0 0.9
Gyro-Horizon Indicator (Piteh) L.5 5.7 1.2
llagnetic Compass, Light Source,

and Photo-Tube Lssenbly

{(1ath eleclrical cabling) 1.6 3.l 1.8
Compass Amplifaer - 2,7 247
Omnicoupler - 2.0 2.6
Roll sctuator (rith associated

cables) - L2 L2
Pitch “ctuator (imth associated

cables) - L.l Ly
Relay Box aad Control Panel - 2.9 2,9

Patech-Control Switch)

Cource Trim Control )

Circuit Breaker )
Ilechanical Feedback Coupling

{a1leron) - 0.3 043
Ilechanical 'eedback Cou ling

(elevator) - 0.3 0.3
Magnelic-Compass Couoler

Balance Indicatoer (srath

eleclrical cablaing) - 0.8 0.8
Rudder-uileron Co-ordinatiol Iit - 3.3 343
lMiseellaneous Harduare - 1.3 1.3
Tobal 12.1 40«5 28.0
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The weight can be classified according to the function provided

as shown in Tebles IT, IIT, IV, and V.

TAELE IIX

ROLL-CUITROL “"LIGHTS

'lerght
Unmodi{ied Modified Assignable
Component Te1ght Teacht To Autopirlot
(Pounds) (Pounds) (Poundc)
Gyro-Horizon Indicator (Roll) 15 6.2 1.7
Turn-Bank Indicator (with
electrical cablang but
W'l'bhoutl trlm mOtOI‘) 1.5 1-8 013
Roll Actuator ('nth associated
cables) - L.2 h.?
Relay Box - 1.5% 1.5+
#lechanical Feedback Coupling
(a1leron) - 0.3 0.3
IAscellaneous Hardware - 0. 0. b
Rudder-&ileron Co-ordination Kat - 3.3 3.3
Total 6.0 17.7 1.7
+ Estinated.
TABLD IXT
PITCH-CCONTROL TICIGHTS
Te1ght
Unmodified Hodziied Assignable
Compenent Tfeight "ferght To .atoprlol
(Pounds) (Founds) (Pounus)
Gyro-liorizon Indicator (Pitch} LieS 5e7 1.2
Piich Actvator (with associated
cables) - Ly Loy
Relay Box - 1oL 1.0
lechanical reedback Coupling - 0.3 Cel
k1 seellaneous [lardware - Oal3# 0.3%
Total L1e5 12.1 7.6

# Estimated.
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TABLL IV

MAGNETIC -CO..PASS -COUPIER "ILICGHT S

TTeight
Urmnodafied Modified Assignable
Component feight Jeirht To Autopiloet

{(Pounds) ‘(Founds) (Pounds)

Magnetic Compass, Iaght Source,
and Photo-Tube Assembly (with

electrical cabling) 1.6 3.4 1.0
Tum-Bank-indicator Traim lLiotor - 0.6 0.0
Compass Amplifier - 2.7 247
Ilagnetic-Canpass Covpler-Balance

Indicator (and associated

electrical rraring) - Qa6 0.8
Miscellaneous Hardvare - 0,3 0432
Total 1.6 7.8 6.2
# Setimated.

TABLE V
QINIRANGE-CCUPIER " _IGITS
Jelght
Unnodified llodilied Assignable
Component vigipht TTeaght To Autopilot
(Pounds) {(Pounds) (Pounds)

Omn.coupler - 2.6 246
liiscellaneous Harduare - 033 Qe3¢
Total 2 9 2 9

#* Lotimated

Power. All electrical pouer required to operate the autopilot
15 supplied by the aircraft 12-voit, d-c supplys The roll- and paitch-
actuator motors consume approxamately 2l watls each -then delivering full
porcr. The omnirange coupler consumes 1), watts maxamum (this 15 an anter-
mtient demand). The magnetic-compasc-coupler amplifier uses 28 natis.
The power consumption of the traim motor and relays is negligible.
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£L0ULTS

A series of flicht tests was conducted during vhich record:ngs
of »erformance wrere made. TDEC pilots also made cbservations -thile in
routine flaght and during recovery from unusual attitudes. The equipment
asscmbled in the airplane for makwng recordings consisted of an Esterline-
Inzus recorder and a vacuum-draven directional gyro, an Aneroid altaneler,
and a vertical gyro, all ~1bh provisions For electrical picli=oll. The
test eouioment 1s shoim in rfaig. .

Rol? =Axis Control

A record nc of roll-axas performance 15 shoym 1n Mige 0. AS
w1ll be noted from the graph, the stabil.ty in the roll axas vas very
reod, displacemont aboubt the roll axas being conifined to approximately
vlus or :iznus 3 degrees. In flig't, these relatively rapid oscillations
are not detected and are not associated y;ath any roughness,

"Then the airplane tras manually controlled into a 30-degree or
greater bank and releasad, whe aubtopilot accouplished a smooth recovery
and no escillation could be cetected as the aircraft returned to level
fllght .

Since the heading of the arrecraft must be recognized as a
funetion of its roll attitude, recordings vere made of aircraft headang
with rolil control engaged. The results are shom ain Figs. 11, 12, and 13.
These recordings irerc in each instence started after the autopalot roll
control ras trumed for Jevel flight. It 121l be noted that heading was
held apnoxanately constant for the intervals of fame recorded.

In obtainang the recordings ol heading, the aircraft wos first
tramred for level i11ight and 1ts heading was noted from observation of
secticn 1:nes. The recording gyro vas then caged and rcleased., Ab the
caapletion of the recording, the airerafi was manuzlly flom on the
orifinol heading and the gyro -ras agein caed, Since the wifference
beuwieen the 170 selt.nss of the gyro in the cafed posil_on vould be a
meacure of gyro precession, this method provides a means for compensating
Tor' —yr0 Orecesslon.

The results of measurements of yarr-axms stebility cvor longer
periods will be dascussed farther in a later wert of thas renort. It
1111 be noted cliat the graphs shomin | heading stabilaty rere recorded
n1ith both prich and roll controls engrned. Tssentaally the same resulis
el d be oblained 1f pitch control were nov used. Tlus was confirmed on
later teuts.
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Pitch Control

The results of tests to determine prtch-axais stabilaty are
11lusirated in Figs. 1l and 15. The recordings show that pitch control
vas effective 1n confining the excursions about the pitch axas to avnrox-
imately 2 degrees. "Mhile altatude control i1s not i1ncorporated in the
aulopilot, 1t 1s of interest to observe the efiect of pitch control en
allitude, A typicel recording 1s shoim in Fige 16. Tais 15 not typical
in the sense that the performance would be duplicated in atmospheric
condxriions where severe thermals are encountered; but neither does it
represent unusually favorable atmospheric conditions, since during most
of the fl:ght testing this degree of performence rras otbtained. In
Fig. 17 the eifectiveness of piteh control in maintaining 2 uniform rate
ol climb 1s showm.

Roll und Patch Control

The effectiveness of roll and prtch control during turns was
measured by recording altitude throughout the turn, Fige. 18 shous a
recordin;, of altitude during a 360-degreec twrn mith 15-degree bank, and
Fipge 19 15 a2 recording of a 360-degree turn -mth 30-degree bank.

Magnetic-Compass Covnler

The praphs previously discus=ed showed that the aubopilet, ithen
properly trammed and vhen the roll-and pitch-axis controls wrere engaged,
maintained essentially constant heading for the taime interval recorded.
Ho rever, under these conditions the heading of the zircraft nll not
reman constant indefinately. The oeriod for which heading -r11] remain
constant depends on the degree of turbulence and on other conditions of
the atmospnere. If these are such that they show a preponderence i1n one
direction, a corresponding change 1 heading mll result when no headang
reference 15 employed.

The magnetic-~compass coupler provides a methed for using the
macnetic conpass as a heading reference, and 1ts eflcctiveness ras eval -
uated 1n two wayse In Figs. 20, 21, 22, and 23, the results shown irere
ooteined in the following manner. A magnetic-compass heading ras selected,
the aircraft rras nanually controlled to assume this heading; the gyro was
caged, then uncaged; and the aircralt was nanwally displaced by z2pproxi-
mately 20 derrees and released. '7ith the compass-counler heading selector
set for east, vest, or south, the recordings shov that the autopilot
quickly returnec the aircraft to Lhe selected head ng. “Then north head-
'ng vas selccted, horever, the response was consicderszbly slower. This
performance 15 inherent with this tyne of control, since the magnetic
conpass has a decided indication lag on northerly headings.

In another test of the mamnetic-compass-coupler performance, a
cross=country flight was recorded. The f1ight originated at Indianapolas,
Indiana, wath Vandalia, Ohro, as the destination, a distanee of 112 miles.
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Lfter take-off, the magnetic-campass~covpler heading selector was seb to
acree 1mith the bearing of tiie course to the destination and was compen-
sated for magnetac variation, compass deviation, and wand. The autopilot
successfullyr puided the airecraft to the destination. A plot of the track
of tae aircraft 1s shoem in Fige 2L, and a continuovs recording of the

en roule heading 15 shom in M. 25. Tt 1mll be observed that the head-
1nF 15 not as slable as when roll and nitch control only 15 enga~ed but
that the na-netic-compass coupler i1s efleclave 1n maintaining an average
head.ing necessery for flying a straight track.

On tle return flight from Vandalia, Chro, to Indianapolis, the
alrplane uas slarted on a track directed to Indisnapolis and the sutopilot
roll= anc pitch-axis contreol only was engaced. The wlot of the track is
shotn 1n Fige 26 and Lhe neading 1s recorded in Fag. 27. Short-neriod
excursions of heading are confined to approximately plus or minus 3
degrecs; but over long periods the heading drifts considerably, and this
1s reflected on the plot of the track of the aircraft.

Omarange Coupler

Maight tests to determne the performance of the omnirange
coupler irere conducted en o calm day and alse during a period when a
J0-knot wind prevarled. The tests consisted of a succession of trials
to observe the track of the aircraft from the time the ommrange coupler
was engaged ien the aircraft was aporoximately 20 miles from the VOR.

Then the 30-knot wind was encountered, the starting points for
the trials vrere chosen in such a mammer that they required the aircraft
to fly directions inth and 2gainst the wvind, and perpendicular io it for
a straight track Lo the VOR. Figs. 28, 29, 30, and 31 show the track of
the zarerafi then controlled by the omnirange coupler from starling points
approxamately 20 miles sovtl, east, north, and vest, resnectively. The
wind vas 6 krots northeast. The tracks starting from points south or east
led directly over the station; but fram starting points north or west the
aircraft did not arrive directly over the station, the errors being 1/h
m Le and 3/l mle, respectively.

It w11l be noted that each track eximbits the same tendency to
apaoroach the station along a rath curved counterclockrise. This cannot
be accounted for by the direction o the wind. A lilkely explanation,
which as suprorted by further flight tests, is that the photo-tube and
light-source asserbly associated 1ith the magnetic-compass coupler was
not Jroperly oriented with respect te the magnetic-caapass card.

The tracks plotted in fgs. 32, 33, 3L, and 35 were flowm vhen
the 1ind was 30 knots at 335 degrees. It 1s significant that the tracks
flown v1th and against the irind are characterized by the same curvature
as those flown previously in a calimm-uyind condition. This would secm to
establish that the curvature is not affccted by the wind conditicens.



13

The tracks flom from starbing poinls causing the aircraft to
fly croscwind are revealing. "hen the starting point was northeast of
viie station, the track srec affectec by the wind an a manner to compensate
for the inhereut error in the equipment. When the starting point was
couthwest of the station, the dirceticn of the wind was such that 1t
exarcerated the equipment error. The tracks plotted in Figs. 33 and 35
reflect these conditicns.

Finally, the track showm in Mg, 36 shows that the equipment 1s
potentially capable of flying a straight traclt to the station vhen a rel-
atively high crossiind prevails, This track resulted when the anitial
setting of lhe omnicoupler pointer was displaced from the magnetic-heading
selector to agree with the crossuind compecuent.

FLIGHT CHARACTELISTICS

The foregoing text describes each of the more or less standard
maneuvers -rth vhich the autopilot was designed to cope. However, it was
believed that for a complete functional evaluation, other maneuvers of a
more drastic noture should be aimposed. During a2 series of tesits, the
autopilot pitch and roll were engaged continuously (except as noted) and
were overpouered by the huwaan pilot in order to place the aireraft in
"ynysual positions." The followang descraptions relate to the autopilot
performance after the controls were released.

Stall, Power On

A cruising power, straight and level, nose-high stall vas
entered., After the first sign of a complele stall was encountered, the
aircraft was released. The autopialot caused the aircraft to assume a
nose-below-the-horizon attitude and to gain air speed. As cruising
speed was approached, the aircraft rradually and smoothly returned to
level flisht and remained theres A slight change of direction was noted
before straxght flipht vas resumed. Tlis resulted from the abrupiness of
air-speced change wherein the turn-and-bank trim motoer was unable to operate
rapidly enouth to compensate for sarcraft rigging. No overshooting or
oscillating was noted abcut the patch axas.

S5tall, Fower OfF

The power=-off stall was entered from a straight and level flight
in a lhree-point attitude. As before, Lhe aircraft was released after a
complete stall was encountered. The recovery was similar to lhe power-on
recovery with one exception: Instead of returning to lewel flight, the
aircraft was brought to equilibrium in a glide (power still off) which
alloved a safe air speed to be maintained. i/hen cruising porer was
applied, the sircraft returned to level flaght as before. Again, slight
directicnal changes mnere observed for reasons previously noted.
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Clirbing Turns, Power On

The aircraft was manually forced into hS-degree, banked, stecp,
climoing turns, then released. HReoll and pitch recoveries vere simultan-
eous, and alfter the wings became level the recoveries progressed as
described previously under power-cn stalls,

Spirels

The arreraft vas allowed to enter a diving, porer-on sparal with
the avtopilot disengeoged. Recovery was made by the autopilot as soon as
1t was engaged. A slight over-correct.on was noted, causng a gradual
turn an the ovposite direction before straight and level flight was
resumed.

Simulated Pewer Failures

futopilot patch and roll controls vere continuously cngaged
during these tests. In each test 2ll changes 1in throttle, pitch trim,
and rol' control were accomplished manmally. All changes in aircraft
attitude as a result of these manual adjustments are atiributed directly
to the autopilot performance.

A full-porer steep clamb was entered -mth the pitch trim in the
mazamumn hose-high positaon, An air speed of 93 mph was maintained. The
throttle was then closed causing, the nose to lower, and the aireraft
entered a glide at a speed oscillating between 85 and 90 mphe A slight
riht turm was noted.

The maxamum {30-derree) bank and nose=-up trim were applied. The
power was reduced frem cruising to i1dling. The air speed dropoed to approx-
imately 95 mphe A safe glide and the same angle of bank were maintained.
Results irere the same for turns in either direction,

Slov flight was maintained by using maxinum nose-up trim on the
pitch contrel. Power failure was simulated. The air speed changed from
85 mph belore power failure to a 90 mph rlide after failure. Full throttle
was then added to determuine the autopilot recactzon. A elimb iras established
at an sir speed of 95 mph straight ahead. At no time was a dangerous air
speed or attitude evident.

Porer failure at straight and lewvel flaght resulted in an air-
speed change from 118 mph to 95 mph 1nth a 1,000-fpm descent. A slight
heading change was noted.

The compass coupler was not uwsed during any of the foregoing
tests because its stability 1s questronable under conditions where any
turbulence or unusunal 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-campass coupler.
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The forces necessary to override the autopilot irere noted in
flight vhen the controls were operated manually wnth the autopilct en-
gaged. “Then the aixcraft was flo'm 1n this manrer 1t was evadent from
the stif{fness of the contro’ colwm that the autopilot was engaged, but
lhis did not seriously afiect 1mnuel control.

CONCLUSTCMS

It 15 conclnded that the equipment meets the design objective
by a comfortacie margin. The astooilob performs in a theoroughly sa*ais-
factory and relisbic manner an?d, JSrom an iaspection of the conponents,
1t 15 evident that concidercble ingenuity was exercised in the mechanical
design.

The weight, size, and pover regurerents of the system are com-
palible wnth the capacity of Llight aircraft. Durang the flight tests
vhich rerc devoted to observin;, how safely the autoprlot oerformed, the
results were very favorzacls. This i sipn.ficami, since a familiar cause
of accidents Lo the piivabte flyer 1s traceable to the pilot's inabilaty
to control the aircraitis atlitade vhen refcrence %o the horizon is lost.

Finally, 1l 1s concluded that the autopilot contributes to the
enjoyment of private flying, since in a routine flight i1t can relieve tae
pilot of constant attention to maintiining attitude =nd heading.

BECOIILNDATTICONS

It 1s recognmized that these recommendations include some items
which are the normal concequence of a hand-made experimental model, and
their correction in production 1s obvious. However, since this report
reflects the performance of the equipment as recerved, those easily or
obviously correctible i1tems are listed along wath others +rhaich 1vere
observed as the tests progressed.

1. The turn control is calibrated in 5-degree increments of bank on
each side of a cenler position. These incremenits are small and the lewvel
firght or center position 1s not easily distingurshable. "~ hen the .urn
control 1s in any position other than center, the electrical connection
to the tumm~banl- contact 1s b  oken and the autopilot does not cerform as
designed for level~flaight operation. It 1= possible to mistake the 5-
degree detent for the center position. It i1s recommended that the detents
be spread over a longer arc.

2. The card of the magnetic commass 15 poorly 1lluminated.
3¢ It 1s possible to turn on the antopilot while taxiing, with the

result that the contact pair on the gyro-horizoan indicater may be dis-
placed from level-flight position. I, subsequently, the autopilot as
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engaged i1n flight, the aircraft will assume an angle of bank before
stabilizing in level flight. [t 15 recommended that some nrovision be
incorporated to prevent this condition.

L. Tho installetiem in the Piper Pacer was provided with a meter
to 1ncacate arover calence in the masneuvic-couoler amplifier. For
projer autopilot operalion 1t 15 necessary to set this meter at 2 volt-
ege previously determ ned as the setting for level flaght. This 15 a
detall vhich pave consideralle trouble to pilots unfamiliar vwaith the
oneration of the ecn:proni.

s Tha rudder-sileron co-urdination is advantageous and necessary
Tor ilitht on autoprlol control, but, for nanual flight, tariing, and
espocraelly for take-olf and landing, 1t would be very desirable 1f a
means vere noovaided for dasengaging this co-ordinataion linkage.

v

6. The phote tube and ths light source vhich are assembled on the
macmewic coiass cah beg orxecied n relat-en bto the azmirwth rang, but
no celent 1s Hroviced oo cower.ans en 1t s cerrectly orvented. Tols
uas vhe probable couse ol the i1nconsistent results which were observed
when the omnirange coupler vas cvalueted. Ib 1s recormended that some
form of detent or index marl be provided,

T+« The ommirange coupler provides for autcpilot control of flight
using VOR inforiataon. Horever, the track to the station departs con-
siderably from a straifht line vhen scvere crossunds are encountered.
The useifulness of the ommirange covpler wouid be extended a great deal
1l 1t shovld function to provade autonatic flaight aleng s radial track
to the ormirange.
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(a)
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THE AIRPLANE CONTINWES IT5 RATE OF ROL. TOWARD

LEVEL FLIGHT AND W TH CONTACT PAIA MOMIN ARILY

STATIONAAY CONTACT MAKES WITH UPPER CON AGT

THIS AGAIN [MITIATES TWO ACTIONS

m ROLL ACTUATOR MOTCR 15 STARTED IN A DMRECTICGN
TO GIVE AILERON DISPLACEMENT TOWAR™ S5TREAM
LINED POSITION

(2) BEGAUSE OF FEEDBGCK CONTACT PAIR 1S ROTATED
CLOCKWISE NOTE THAT THE AIRPLANE RATE
OF ROLL 15 REDUGCED

OME CYCLE OF OPERATION IS COMPLETE
CONTACT 15 AGAIN MWMADE TO LOWER
CONTACT OF PAIR

(E)

AIRPLANE HAS REACHED STRBLE POSITION
CONTACTS ARE GENTERED AND AIRPLANE
1S IN LEYEL FLIGHT

FIG | CONT O

PRl Tyl
[N NAIN]
BIA AT 3 DI A

RSN IE]



SPHERICAL
MIRROR

- LIGHT SOURCE
T
(v
- ! |
|

TO MAGNETIC
COMPASS AMPLIFIER
| WORM GEAR

MAGNETIC COMPASS
HEADING SELECTOR

FIG 2 MAGNETIC COMPASS COUPLER PHOTOTUBE
AND LIGHT SOURCE ASSEMBLY

[T AR T
oot
[N L N LR



JL

+14V —q EVE I
6VeE
[ 1,_<___
+14V 32

25§
MEGS
32 3K N
MEGS J/

22K

22 Ki

FIG 3 SIMPLIFIED SCHEMATIC OF MAGNETIC
COMPASS COUPLER AMPLIFIER

"
N T A



N
Jﬂ/ff/mv
\ A% Mw ]
L 13}
i
¥
¥

-
sl







7 5

SRR e 2 S e G e R Lo R
... ...

i Hi




. . .

L

e




, @W%Mﬂ%

o




o - 0

.
e

s
ﬁw\,\w




/ / / / / / Note ' " _
/ _ / _[’ / / /[ Recorder speed - 3/4 1n per min,

/ / / / / / / / / VA A 4 /Zl

_ // // // // [ L l'urzulemée -5 vergr Light 15 right bank N
Wlind - to 5 mph variable
! /l[ [[ !‘ j j/ 7‘I;C)::tl:ul}er T 195]'3
[ . A — ]
L [ IT [

_ 1
A

LA B

Iy vV PV

R

\_._L_urn control ope r_n'led

A \Y \\ \\ \\ \\ \\
1\ \ A\ \ )\ \ \ \ \ \
N AN

P
-
/’

/
T g
N,
v
]

r,./r"‘ ]
/——"

i
L+

/ ; / / / 7

20 — / 7 / / / / / _ 4
/ /o / / / . __ Note
/ ] / / / / / Eofl-l and piteh control enly engaged ’E

P A S S SR SR Sy AN S e P ory T BT ™™
20 A]L // ,f/ /}I [/ f! ,’f [/ j_ﬁiﬂ Octabor?. ;3;3 e )
4 1 i f [ S
jjlb B A — _ "KI( [
T e e e
: LALAdR PV WATAMS MY w'w v "w
J S W i S W w— —————— e
RPN W W W W ey
'&’ _\3K \_ '\\ \ )\ \\ \\ \ \\ \__ \___ _\h__x

IS__ N N A‘ \ 1\ \ \Y -A\i_ﬁ\ N RN \ i
o LN N S S NS WS N W N NN

20 -/ / / / VAa 20 — .

Note

_ Note
Recarder speed - 3/41in per mun
— Tlurbulencs - wvery light

Roll and piteh eontrol only engaged
— HRecorder speed - 3/4 ln per mun —

15— Turbulence - very Light 15 =

_ ~ Wind - 7 mph northeast o

g October 22 1953 u ‘o l{f // },I

% L e

2 Z, Al d]

P

v y s S T t

: > R S w—

2 dio-\ | o

« \ \ \ | R WA
E\ CU A
2 —\ LN N W

FIG 12 HEADING STABILITY FIG 12 HEADING STABILITY



// // // . 7/ - "YA ';71/ /// // 1;..:: Ll 75

ed
speed = 3/4 ln per min.

7 Pich co -
- A f / / / ! / # hl:ld: e ht —
1 55 o _?L fl/ 7// / ;/_ _ ; __f[ B ,{[}r / f git«:be:- 1?1;;53118 :
Ol SO S = f__]i o ;fL E—— %f [,f H —
= Tutry e
N 227 1

gans
//T-’-‘
g
B
|
|
il
el
T
g
=
//!‘/’f—
jaana
LA T
P
g
il
]
il

e e e Sl G

|
//’!/
ral

L]

NOSE
up

NOSE
DOWN

-

TCH ANGLE (DEGREES)

4LTITUDE (THOUSANDS CF FEET)

FIG 16 ALTITUDE STABILITY



Note

Piich conitol engaged
Recorder speed -~ 3,4 1n, per ymin
Lurbulence - light
Wind - 6 mph, east
October 12 1953

_ ik

!
— —

start of climb
i | Rt e
| Lo | |
— HNote
Pitch control engaged
Piich trien adjusted [or 400 {pm clunb
2—— Recarder spted -~ 3/4 1n per min
Turbulence - lLight
Wind = 6 mph east
T Ociobher 13 1953

AN N N A N

ALTITUDE (THOUSANDS OF FEET)

AN

FIG 17 ALTITUDE RECQRDING FIGS IB-19 ALTITUDE STABILITY DURING 360° TURN
DURING CLIMB

20 — V4 / / VAR 4
Note —
/ Compass coupler aet for west heading

Recorder speed - 3/4 in per min

15— Turbulence - moderate R
Wind - nerth

October & 1953

Q

RELATIVE HEADING (DEGREES)

20
F1G 20 HEADING STABILITY

I d L4 Ed 7 T I
"/ / —— Note

Campass coupler sct for south heading  _/
/ / / 7 Recorder speed - 3/41n per mun
Turbulence - moderake

Wind - nerth —
Qctober 6, 1953

RELATIVE HEADING [DEGREES)

N AN AN

FIG 21 HEADING STABILITY

| | [
" | o
N | [N



[ 4o

2 ’7/’%1{/ !/!/ Wdf} AR
e e
\? \\ \\\ J‘ \”&‘

—
AN \&L

FiG 22 HEADING STABILITY

RELATIVE HEADING [DEGREES]

FIG 23 HEADING STABILITY



NEW CASTLE

P

INDIANAPOLIS o

—
e

e
—_— [DR\CHMOND

GREENFIELD

S

o — By
_.-\--""-

—

FIG 24 PLOT OF AIRPLANE TRACK FROM INDIANAPOLIS, IND TO VANDALIA, OHIO

VANDALIA

— —
e
——



/

/

20

[y (=] O o (=] wn

15334930) 2NIOw3IH FA1LY 13

7

(S3IHOIQ) ONIAYIH IAILYIIH

Al ]y
| 1 )
q Lo+
- |
fl"ﬁ S R _
. N_ =
_ T gy M. l_ | e
1 |
RN MJ | |
L S
e - |
/‘//. | ™ ! \\
DT P T
1 = \_
/ r..fllV W LT
™ L] M“‘llk,r\,r 4
T+ el i
- - |
L [~ I
TR
™ -1
fntiiiﬂ}fl I \i\\\\\
M~ T P _\
Y _ ¥ \\\
| [y -
4 B 1
I
R N i
11‘\‘ 11
od //l?l M]Iflf\.\\.!..\ 1
i L, TR
ERY - |1
o« a
5 - IREESS
1 T EE
a BN Pty
m..n o4 m.ﬂ L,v/fjfrrl‘ll “\.
55,220 1 -
$5 | [y | -
ymiEEg N -l
R ~J L1
ZEZEE0 T |
s | 7 | -
[~ =
/./_/I.
[ S
L | =1
I
J/J ' .\L\
L
> 1
/:.f.ll. 11
S
P 11
/TI L
ti.{ffl _
//f.,.. 1]
Lo |
/,/f,f L
4
L T -
T |
N A
I
| _ A
T
o [} ul a ul o] ['x] o '] o
] o - - = s ™

INDIANAPQLIS, IND TO VANDALIA, OHIO

CONTINUOUS RECORDING OF ENRCUTE HEADING

FIG 25



GANDERSON

(INCBLESVILLE

0\

\""——-—-—-o—-____.

"-.._._\
~. NEW CASTLE

\ 5—"'——-— a VAMDALIA

INDIANAPOLIS

q;]RICHMOND
GREENFIELD

o7

=y

FIG 26 PLOT OF AIRPLANE TRACK DEPARTURE FRCM VANDALIA, QGHIO, DESTINATION INDIANAPOLIS, IND

N R



RELATIVE HEADING (DEGREES]

RELATIVE HEADING (DEGREES)

Roll and pitch control only engaged
Recorder speed - 31 41n per man
Turbulence hght

Wind - 5 10 mph

Oclober 6, 195]

{— turn control uaed
ko cerrect hending

FIG 27 RECORDING OF ENRGUTE HEADING DEPARTURE FROM VANDALIA, OHIG, DESTINATION INDIANAPOLIS, IND



@L EBANON

N
ZIONSVILLE &
INDIANAPOLIS
BROWNSBURG
OMNIRANGE @
\
\
O DANVILLE \
A
' al
|
I
}

/

MOORESVILLED/
SCALE OF MILES
FLIGHT OF OCT 22,1953 5 ] 5
WIND & KNOTS NE e e e e

FIG 28 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

[ R R RN T I
[ [l
[T AT

|
A



ZIONSVILLES

INDIANAPOLIS

BROWNSBURG .~
OMNIRANGE O

ODANVILLE

FLIGHT OF OCT 22, 1953 SCALE OF MILES

WIND 6 KNOTS NE 3 0 3
- __ e

FIG 29 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

[ L
AN

I [T
ATAY T HBIAL



——
=

f

l, INDIANAPOLIS
I
\

\ BROWNSBURG
\OMNIRANGE

N

ODDANVILLE

N

FLIGHT OF OCT 22, 1953 SCALE OF MILES

WIND 6 KNOTS NE 5 0 5
o f—— — o

FIG 30 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

(I
[

AME 1Y LI M
MIAFAPOIT AN A&



ZIONSVILLE
NORTH SALEM
a
BROWNSBURG
OMN IRANGE
o .
—_—— //
S
H'“"-h...______ e e — e — -
O
DANVILLE

SCALE OF MILES
FLIGHT OF OCT. 22, 1953 5 0 |

WIND 6 KNOTS NE . . .

FIG. 31 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAG



Z

ZIONSVILLEd]

INDIANAPOLIS

BROWNSBURG
OMNIRANGE

O\

ODANVILLE \

MOORESVILLE \
= \
SCALE OF MILES
FLIGHT OF OCT 28, 1953 5 0 5
WIND 30 KNOTS AT 330Q0°-340° e T — ]

FIG 32 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

A TWALL AT N HT
INCIARAPG 1IN A



NOBLESVILLE@

ZIONSVILLE ]

INDIANAPOLIS

BROWNSBURG

OMNIRANGE

o

O DANVILLE
SCALE OF MILES

FLIGHT QOF OCT 28, 1953 2 O 5
L | ;
WIND 30 KNOTS AT 330°-34Q0° (e peemn] e e e

FIG 33 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

Lon
[T
A EA L N IR



\ N
\
\
\
\!
\
\ INDIANAPOLIS
\
\
\BROWNSBURG
QMNlRANGE
©
1 DANVILLE

FLIGHT OF OCT 28,1953

SCALE OF MILES
WIND 30 KNOTS AT 330°-340°

5 Q 5
.|

FIG 34 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

Ih
| 11 Ml
IO % b UL 1 At



ZIONSVILLE ¢

INDIANAPOLIS

BROWNSBURG
OMNIRANGE
o |
/S
DANVILLE -~
(a] 4
/
e —_
e
MOORESVYILLE
| |
SCALE OF MILES
FLIGHT OF OCT 28, 1953 5 0 5
WIND 30 KNOTS AT 330° —340° (- -

FIG 35 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED

vA 1w HEARERT
ARL & e |
INDIANAF L LIS INDIUAN



ZIONSVILLE

INDIANAPQOLIS
ONORTH SALEM

BROWNSBURG
OMNIRANGE
O
/
P
g 4
DANVILLE -
g -
~
-
—
. 4
/
/
—
MOORESVILLE
—1
SCALE OF MILES
FLIGHT OF QCT 28,1953 5 o 5
WIND 30 KNOTS AT 330°-340° N

FIG 36 TRACK OF AIRCRAFT WITH OMNIRANGE COUPLER ENGAGED



