
Directional gyro is not the complicated instrument you may think it is, but 'DG'
does require proper care and an understanding of how it works for best results.
H ere are some facts about the gyro family every pilot should know

FIG U REI Two models at left illustrate "rigidity" of spinning gyro wheel. Note that when you turn

the base on which the assembly is resting, it does not affect the direction in which gyro points. Model

at right shows the principle of "precession," Gyro swings away from original heading (precesses) when

acted upon by an outside force. In this case, a force pressing downward at a point on the inner gimbal

causes gyro to move horizontally, as indicated by arrow. Gyro behavior is such that it always moves at

right angles to direction in which force is applied
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FIGURE 3
FIG U R E 2 Cutaway view of surplus air-driven directional gyro shows prin

cipal details of construction. Note that heading dial is fixed to gyro

spin axis through gimbal structure so that the dial remains stationary
as the outer case (and the airplane itself) turns around the dial

FIG U R E 3 Here is what happens in the directional gyro as the aircraft

changes heading-90° in this case. Note that heading of aircraft and
the outer frame of the model gyro are the same. Gyro remains pointed
in the same direction as the aircraft (frame) turns freely, Extent of the

turn is indicated inside the aircraft by changed readings on the dial

FIGURE 4 New Sperry Gyrosyn® Compass, developed especially for light

aircraft, provides a directional gyro "slaved" to the earth's magnetic
field. Small flux valve (center) detects magnetic north and sends

"slaving" signal to electric gyro (left) to keep gyro properly aligned
and eliminate need for resetting. Exact magnetic heading is shown on

indicator (right) by nose of miniature aircraft. Opti,onal pointer on face

of indicator gives magnetic bearing to radio station tuned on aircraft's

receiver. Sperry will market new system soon if demand from general

aviation is judged sufficient
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EDITOR'S NOTE: James Dohogne is an authority on
gyro systcms for airlinc, military and general aviation, and
an activc light aircraft pilot. He is responsible 101' devclop
ment cnginccring of directional gyros and gY1'0 horizons at
Spe1TY Phoenix Company, the aeronautical division of
Sperry Rand Corporation. He won his pcrmanent flight
instl'lwt01' rating in 1.961 and now givcs weekend instruction
at Dcc1' Vallcy Airp01't near Phoenix, "just to keep current
and fo1' thc fun of it."

New aircraft, hotter power plants, greater range,more payload. All have been getting prime attention
in the current general aviation boom. And if he is willing
to scratch below the surface a bit, a pilot easily can find
a hundred additional topical items to keep hangar con
versations lively.

Usually taken for granted and rarely part of a "seri
ous" flying discussion these days are the gyro instru
ments which have done so much to make the boom possi
ble. Indeed, many a VFR pilot has a problem in just
trying to name the three basic gyro instruments: the
directional gyro (DG), attitude gyro and rate-of-turn
indicator. Still fewer pilots can tell you anything about
gyro capabilities and weaknesses, to say nothing of the
care and feeding of these instruments. It's easy to be
lieve there is some form of witchcraft associated with
gyroscopics, which, as we shall see, is really not the
case at all.

The term "gyro" actually is a very general one, and
examples can be found almost anywhere. A gyro is any
mass (weight) that rotates. The earth is a large gyro
which rotates about its axis once every 24 hours. The
wheels of a bicycle are gyros and, if they didn't exhibit
a couple of odd characteristics called "precession" and
"rigidity," it would be virtually impossible to keep the
bike upright or to turn it.

An aircraft gyro consists of a spinning wheel (called
the rotor) which is supported within several rings
(called gimbals). The number of these gimbals varies
with the intended use of the gyro. For example, the turn
indicator has a gyro suspended in one gimbal while the
attitude gyro and directional gyro have two such gimbal
rings.

Two simple but very important properties make the
gyro a natural for use as a flight instrument: rigidity
and precession. Rigidity is the stubbornness the gyro
exhibits in trying to keep its spin axis always pointed in
the same direction. Precession refers to the way the
gyro's spin axis moves when pushed or acted upon by any
external force. This movement, oddly but accurately, is
always at right angles to the direction in which it is
pushed. (See Figure 1.)

To avoid confusion, let's first look at the DG and tem
porarily ignore the other two types.

Various DG's have many faces and methods of pre
senting their information, but the basic purpose in each
case is to provide a stable heading reference for naviga
tion and precise maneuvering. The DG must be teamed
with the aircraft's magnetic compass, using the mag
netic compass initially to align the DG to the proper
magnetic heading, after which the DG becomes the prime
navigational reference. In this manner, the familiar
bobbing and weaving of the magnetic compass is traded
for a stable, easily readable heading indication-essen
tial to modern IFR flying and a great boon to VFR
navigation.

The gyro shown in Figure 2 is a simplified version of
the widely used air-driven DG which had its hey-day in
military use during World War II. Because it is a proven
instrument and was available in large quantities on the
surplus market after the war, it still is widely used in
general aviation.
. The air-driven DG consists essentially of a spinning
wheel which is supported on low-friction ball bearings
within two gimbal rings. This entire assembly rests
within the instrument case on another set of ball bear
ings. The gimbals are arranged in such a way that the
gyro has 550 of freedom in pitch and roll-before strik
ing mechanical stops-and complete 3600 freedom in
heading.

It is possible to "tumble" the gyro if ail'craft bank or
climb angles exceed 550• Tumbling is indicated by a
rapid rotation of the heading card and is quickly reme
died by resetting the gyro in a way we shall describe
shortly.

Bearing in mind that the DG has no north-seeking
ability, it obviously must be set to agree with the mag
netic compass at the beginning of each flight. After this
initial setting, the gyro should be checked with the
magnetic compass and reset every 15 to 20 minutes
always during straight-and-Ievel flight. These periodic
corrections compensate for the tendency of the DG to
drift slowly away from its original alignment.

In order to set the gyro to the desired heading, the
knob on the front of the case is depressed and turned.
This action meshes two gears and actuates a lever which
holds the gimbals while the entire gyro assembly is
turned to any desired heading. The action of holding the

(Continued on page 71,)

by JAMES DOHOGNE • AOPA 215966

Drawings and photos by Sperry Phoenix Company

39



Precise Direction

(Continued from page 39)
Directional Gyro

OPERATING CHECKLIST

Circle no. 54 on reader service card

Fly to the NUT TREE RESTAURANT
for Western Food, shopping and a ride in our big bright new train. Open

daily from 7 a.m. to 9 p.m. 1900' Airport with Unicorn 80/87 and

100/130 Octane. Nut Tree Airport Vacaville, California
(Sacramento Sectional!

1. For best accuracy, maintain an up-to-date deviation card at 45° intervals for your magnetic
compass. This is important for setting the DG and periodically checking its performance
in flight.

2. Set your DG to agree with magnetic compass at beginning of each flight, but not before

gyro wheel has had a chance to build up speed. This takes about four minutes. In setting

DG, depress knob on front of case and turn as necessary. Be sure to pull knob out again
after setting.

3. Check DG heading against magnetic compass indication every 15 minutes during level flight.

Reset if necessary. Maximum adjustment in 15 minutes should be 3 ° to 4 ° if gyro is
operating properly. _ ~ ••

4. Set the DG only after centering the turn indicator and waiting for magnetic compass
oscillations to settle.

5. Allow for gimbal error in steep turns. Don't judge rate of turn by rate of change indicated
by gyro.

6. Cage your DG when maneuvers exceeding 55° in pitch or roll are anticipated.

7. Have your DG checked during annual or IOO-hour inspections. Overhaul as advised by an
FAA approved gyro repair shop.

and it is the chief reason a DG should
be reset every 15 or 20 minutes to agree
with the magnetic compass. Setting the
gyro is at best an approximate process,
especially in rough air, because the
magnetic compass refuses to stand still.

Drift is caused primarily by gimbal
unbalance and friction in the ball bear
ings. These are corrected-or compen
sated-at the time of overhaul, so that
normal drift in a properly-functioning
DG is limited to ± 12° an hour. Per
formance can deteriorate because of
bearing wear, contamination from poor
air filtering, or reduced wheel speed
from a low vacuum. To check a DG's
drift rate, carefully set the gyro to
agree with the magnetic compass and
fly straight and level for exactly 15
minutes. Note the difference at the end
of this time between the DG and mag
netic compass inidications, and multiply
by four. This latter figure will give you
degrees-per-hour of gyro drift.

DG errors during turns are of two
basic types: those resulting from level
ing action in the gyro and those pro
duced by the gimbal supports (gimbal
error) .

Leveling error in turns will average
to zero for a 360° turn and generally
will be at a maximum following a turn
of 180°. This error will be small (about
1° maximum for a standard-rate turn)
so don't worry about it.

Gimbal error, in engineering parlance,
results from the fact that the output
axis of the gyro during a turn is in
clined to the vertical by the bank angle
of the airplane. This sounds much worse
than it is. A simple analogy is a uni
versal joint linkage in which the draw
ing shaft is at an angle to the output
shaft. There is no gimbal error on head
ings of 0°, 90°,180° and 270°, regal'd
less of the bank angle, and error' is
at a maximum (as much as 13° in a
steep-bank turn) on intermediate head
ings. The important thing to remember
about gimbal error is that it exists only
when the aircraft is banked or pitched
and as soon as the aircraft returns to

(Continued on page 78)

dicators appear on many instrument
panels.

The way in which the DG indicates
aircraft heading is shown in Figure 3,
and is very easy to understand. The
pilot simply reads the heading on the
dial, which indicates the direction in
which the gyro itself is pointing. As the
airplane turns, a change in the dial
reading results from the fact that the
gyro case, which is attached to the air
plane, is rotated around the spinning
gyro. Taking a little time to make a
mental picture of this action is very
helpful to many pilots who say the DG
indications seem to move in reverse.

Errors in a directional gyro may be
divided rather generally into those en
countered in level flight and those in
turning maneuvers.

The primary error in straight-and
level flight is a slight deviation from a
set heading, a deviation which increases
with time. This error is called drift,

gimbals fixed, by depressing the knob,
is called "caging." It is done chiefly to
prevent the gyro from tumbling while
setting a heading. The gyro also should
be kept caged during maneuvers in
which pitch or roll operating limits of
55° are likely to be exceeded. Pitching
or rolling beyond these limits causes
high loads on the ball bearings which
support the gimbals and can result in
damage, particularly if maneuvers be
come violent.

The gyro rotor operates at a speed
between 12,000 and 16,000 r.p.m. and is
powered much like a water wheel. An
engine-driven vacuum pump, or outside
venturi, is used to create a partial
vacuum inside the DG case. The vacuum
causes air to rush inward through a
filter at the rear of the case. The air is
ducted across the gyro wheel which has
"buckets" around its circumference,
causing the rotor to spin. Air leaves the
instrument through another hole in the
rear of the case.

The so-called "leveling" action in a
DG is a bit more difficult to describe, but
still is a relatively simple procedure.
Leveling is quite important because the
gyro must be kept spinning in a hori
zontal plane if acceptable accuracy is to
be maintained. The effects of friction in
the ball bearings supporting the gyro,
however, cause it to try to move away
from a level position. A certain quantity
of the "exhaust" air from the rotor is
therefore ducted rather cleverly so that
this tendency to leave the horizontal
plane is continuously overcome by an
equal and opposite action. This leveling
system will not operate properly, how
ever, unless the vacuum in the instru
ment is kept between 3.5 and five inches
of mercury. Optimum operating vac
uum is four inches of mercury, and this
is the chief reason why small vacuum in-
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(Continued fro1/! page 74)

approximately level flight the DG will
indicate the con-ect heading. In short,
it is a characteristic of much more in
terest to the engineer than to the pilot.
The worst effect of gimbal error in
everyday flying is a slight heading in
accuracy while rolling into and out of
turns, causing mild overshooting or
undershooting. Gentle entries and re
coveries from turns will greatly reduce
even this small error.

Giving full weight to its many vir
tues, the air-driven DG still must be
classed as the product of pre-World
War II technology. Every aspect of
gyroscopics has been improved greatly
since air-driven gyros were introduced,
but probably the most important single
change has been the development of
electrical gyros. The requirement for
electrical DG's originated in the military
for reasons of reliability and because
there are altitude limitations on the use
of the suction pump.

While there are many advantages to
electrical instruments, most gyro au
thorities agree that the following two
are the most significant:

1. Longer time between overhauls
and much better operational reliability
because of improved cleanliness. (No
need to circulate air through the instru
ment.)

2. Much better performance (lower
drift) with the larger and faster gyro
wheel, improved gimbal bearing sus-

(Continued fro1/! page 77)

GREATEST FISHING IN THE WORlO south of la Paz B.C.
Mexico. Wonderful food, pure artesian drinking water,
new lodge and cottages, 3000' strip, swimming, hunting,
flying clubs. AOPA members up to 20% off! Write Rancho
Buena Vista, c/o Box 1486, Newport Beach, Calif.

FLY-IN FISHING, CAMP GRAYLING lTD: Saskatchewan's
extreme northland and Camp Grayling offer a unique
holiday away from civilization with clean. comfortable
accommodation, outstanding meals and a home-like at
mosphere you'll long remember. Rates of $260 per week
including everything from the moment you arrive. Large
landing strip available. FiShing from lake or stream
provide many trophy size trout, arctic grayling, walleye
and northern. For flight information and reservations
write R. Sanderson, Box 2, Moose Jaw, Saskatchewan,
Canada.

FISH CREEK RANCH in Jackson Hole, Wilson, Wyoming.
A dude ranch of distinction. Riding, boating, fishing,
picnics and pack trips. 2700 foot grass strip on ranch
near cabins and lodge. Write for brochure. AOPA
.# 164353.

flY-IN FISHING-HUNTING: Grassy Lodge, small, remote,
modern, American Plan camp, 31 miles n.e. of Kenora,
Ontario, Canada. Use your plane or we fly you in. Open
May to October. Ask about AOPA discount. Write AOPA'er
George Hohnstein, Box 195, Trumbull, Nebr.

SALES MEETINGS - CONVENTIONS: The informal at
mosphere of our Inn creates a perfect setting for your
business affairs, ample meeting rooms and recreational
facilities available. Contact George Colovos, High Point
Inn, Mt. Pocono, Pa. TE 9-7171.

HIGH POINT INN, MT. POCONO, PA.: An informal fun
filled resort one mile from Mt. Pocono Airport. Courtesy
car, indoor and outdoor swimming pools, dancing and
entertainment. All sports, good food, reasonable rates.
Call or write George Colovos, High Point Inn, Mt.
Pocono, Pa. TE 9-7171.

PilOTS: Visit our modern motel in Ontario wilderness.
American plan. We furnish 16-foot boats, motors, gas
and Indian guides. The best in fishing and hunting. Lake
trout, northerns and walleyes. Hunt moose, deer, bear,
duck and birds in season. You fly to Red Lake, Ontario.
Airport has 5000 foot paved runway. Mitchell will pay
your bush plane fare to Cat Island and return from
O.C.A. in Red Lake. Mitchell's Cat Island Lodge, c/o
H. F. Rapp, 2323 King Ave., Dayton 20, O. Phone CLear
water 6-2216.

WHEN YOU VISIT WORLD'S FAIR, Seattle, April 21 to
October 21, 1962 stay at Erlana Apt. Motel. Near close in
Boeing Field. Courtesy car. Write for reservations. Earl
Cook, AOPA 149789, 6708 Carleton Ave., Seattle, Wash.
PA 5-3318.
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pension and leveling system.
Because a conventional DG must be

reset constantly (because of drift) to
the readings of the magnetic compass,
the next logical development in improv
ing heading information was to handle
this job automatically and continuously.
This is called "slaving" the gyro to a
magnetic reference. The first system to
incorporate this feature was the Sperry
C-l Gyrosyn® Compass introduced in
1944. Since then, many developments
have resulted in improved performance
and reliability. Today, magnetically
slaved systems are in almost universal
use by airlines and the military, as well
as many executive operators.

Consider that one airline is now aver
aging 6,300 hours between overhauls of
its compass systems-six to 10 times
the between-overhaul life of top-per
forming air gyros in airline service
and it is easy to see why this change
has taken place.

For general aviation, slaved systems
of the past have been too expensive,
heavy and have required too much elec
trical power. In recent months, however,
Sperry has developed a magnetically
slaved system tailored specifically for
light aircraft, requiring only one amp.
from a 24-volt electrical system or 2
amps. from a 12-volt system. Early pro
duction is foreseen if surveys show an
adequate market for this new equip
ment. In order to illustrate the basic
principles of slaved compass operation,

AIR WAY MDTEl: Adjoining Fulton County Airport; Mr.
and Mrs. B. L. Driskell, Mgrs. New 28 unit. Free TV,
swimming pool, play ground. Phones in rooms. AAA.
Atlanta 18, Ga. Phone PI 8-7414.

FDR PLANNED CRUISES, rates and reservations, "power
or sail," write Holiday Yacht Rentals, c/o 7766 Tamiami
Trail, Sarasota, Fla.

lAND AT TAMIAMI, taxi to Tursair (N. W. corner of
field). Phone Castle Harbor Sailboats, Inc., HI 8-3213.
Free transportation to Dinner Key.

SOARING

PUT FUN BACK INTO YOUR FLYING: Learn soaring. Com
plete glider instruction since 1940 by competent instruc
tors the year round. Complete courses. including ex
amination for all glider ratings. An ideal winter vacation.
Also sailplane kits, and plans. Briegleb Soaring School,
EI Mirage Airport, Adelanto, Calif.

GET STARTED IN SOARING: Special Soaring Kit $1.00
postage paid. Schweizer Aircraft Corp., 22 Airport Rd.,
Elmira, N.Y.

MISCELLANEOUS

DDN'T BE CDNFUSED! Smitty's Smart Book contains run
way layouts, approach, ground and tower frequencies for
all controlled airports. Distance and bearing from the
omni. Complete listing of radio facilities. $15.00 post
paid. VFR, Inc., 12808 Coit Rd., Dallas 30, Tex.

KNOW WHAT'S AVAilABLE: Postcard puts your name on
our mailing list. Free, no obligation. Campbell Publica
tions, Box 577, Stanton, Calif.

LINK TRAINERS, old-new and flight simulators, mainte
nance, repair. installation and soles. $10.50 P.H. labor,
anywhere U.S. J. R. Seccombe, 11555 Burbank Blvd.,
No. Hollywood, Calif.

PlASTI-CAl the "flight-tested," weather-resistant air
craft numbers.

ADPA WINGS embossed in silver or gold on black or
brown leather. Price also includes your name, 751. Also
available with clutch back fasteners making them re
movable for garment cleaning, add 251. Ken Nolan, Inc.,
Dept. AOPA, San Clemente, Calif.

EMBROIDERED EMBLEMS: The complete story of em
broidered patChes for flight jackets, flying clubs, etc.,
is told in this little booklet. Prices from 1 to 1000
emblems. Send 101 and ask for Booklet NO.3. Ken
Nolan, Inc., Dept. AOPA, San Clemente, Calif.

it is described in Figure 4.
A "flux valve" is used to detect the

direction of the earth's magnetic field,
and this information is transmitted
electrically to the gyro and amplifier
assembly. (Both of these units are
mounted remotely in the aircraft.) If
the gyro heading does not agree with the
flux valve heading, an electrical signal
is developed in the slaving amplifier
which is used to drive a "motor" which
precesses the gyro in the proper direc
tion to cancel the error. This process is
automatic and continuous, and once the
system is initially aligned, the heading
indicated to the pilot remains within 2°
of the correct magnetic heading-giving
many times the navigational accuracy
of the separate magnetic compass and
DG.

The remote gyro permits use of a
variety of heading instruments (rotat
ing pointer, rotating card, radio-mag
netic indicator), and provides space for
autopilot signal sources. A small static
inverter is used to convert aircraft DC
power to the necessary AC voltages.

Whichever gyro you use-whether
air driven or electrical-it is a precision
instrument and requires careful treat
ment. With proper installation and in
telligent operation, it will do a splendid
job, accurately and reliably. But re
member that its care and feeding is a
specialized task-a job for nothing less
than an FAA approved gyro repair
shop. END

PlASTI-CAl makes "company" decals too.

INSTANT lAMINATING: Check-lists, cards. photos. Do-it
yourself with clear, self-adhesive plastic. Sample, de
tails. The Hughes Co., 1035A, Middletown, Conn.

EASY NAVIGATION CHRONOGRAPHS by makers of AOPA
Navitimer. $29.95 up. Free catalog. Tele-Runway $1.49,
0-4 Computer $1.00. Flight Aids, 66 Prospect, Lexing
ton, Mass.

KOHLER LIGHT PLANTS: All sizes, emergency home or
shelter. Write for literature. Special discount to AOPA
members. Charles Willis, Box 329, Port Washington, N.Y.

DESK PLATES: Ten different models to choose from (all
illustrated by photo), several designed expressly for the
military desk. Send 101 and ask for our Booklet No.2.
Ken Nolan, Inc., Dept. AOPA, San Clemente, Calif.

FB AERIAL CAMERA. 15 inch lens, case, filter, two cut
film magazine. $225. New condition. Bert Allen, 183 East
4th North, Logan, Ut.

PlASTI-CAl the "original" self-adhesive aircraft iden
tifications.

NEW FAMilY and commercial versions. Famous Checker
cabs. 4 door sedans and wagons. Most rugged, economical
standard American car. 40 items optional equipment
gives custom bui It character. Parts and service now
available everywhere. Transportation SpeCialties Corp.,
Box 5282, San Antonio I, Tex.

NEED GS, TH, ETA? Airline computer does it best, fast
est. 5 week mail course. For details, write Box 41,
Hollis 23, N.Y.

BDATERS: New ski rope reel automatically winds rope
after skier quits. Unwinds for next tow as boat puliS
away. Pilot never leaves seat! Endorsed to meet new
ski rope towing requirements many lakes. All aluminum,
built for life. Outboard. reg. $29.95, Inboard, $34.95.
Special to AOPA'ers, $23.96 and $27.87. 10 day ap
proval, satisfaction guaranteed. Enclose check, postpaid.

Dix Marine & Piper Sales, 900 E. First, Wichita, K~s.

PlASTI-CAl are "artist-designed," not stencil cut.

USED LENSES, accessories for Exakta 35mm camera
wanted. D. W. Sellers, Box 344, lansdale, Pa.

JOIN THE ANTIQUE AIRPLANE ASSOCIATION: Send $1.00
for two sample copies of "Antique Airplane News." Full
of photos and data on antique aircraft still flying. Appli
cation with full details will be sent with magazines.
AAA, Box 117, Fremont, la.

PlASTI-CAl, Box 602, "Janesville," Wisc.
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