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AVIATION

PART 4 by

This is the final portion of the series on the hist-
ory of aircraft instruments prepared by Menmber Robert H
Scheppl er, and covers the Post-WNI| period. M.
Scheppl er takes a brief look at the future also, with a
predication that the "black boxes" will some day become
all inportant, to the virtual exclusion of manual con-
trol .

PCST WORLD WAR |1 1946- 1960

In the devel opnent of aircraft instrunents the gener-
al pattern of the post World War |1 period followed that
of the simlar period after World War |. Trenmendous a-
nmounts of surplus equipnent and spare parts were avail -
able to the arned services and through surplus outlets
to conmerce. To all appearances the entire airplane and
instrument industries were entering a period of stagna-
tion, a period soon disrupted by the introduction of the
jet engine and its resultant increase in speeds, alti-
tudes and engi ne performance. This one event did nmuch
to obsolete nost of the mlitary aircraft instrunmenta-
tion and promsed to do the same for the conmmerci al

equi prent in the near future.

To cope with the new probl ens many new and i nproved
instrunents had to be devel oped such as machneters,
power | oss indicators, turbine vibration indicators, air
data conputers, take off monitors and various forns of
blind flight indicators. But in 1946, much of this was
unknown. Though the requirenments of inertial guidance,
Doppl er radar and navi gational conputers were to sone
extent anticipated they had not proceeded into the de-
vel opnent phases.

At the close of World War Il the trend had been to-
ward use of a greater nunber of instruments and corres-
pondi ng conplexity of the display. The instrunentation
designers realized that pilots of larger aircraft were
al ready bei ng overburdened with the nunbers, types and
assorted sizes of instruments. They reverted in prin-
ciple to the trend initiated during the Post World War
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| period and attenpted to devel op multi purpose, verti -

cal scale, smaller instrunments. A fewof the instru-
nents devel oped or inproved during the period from 1946
to 1950 were:

MACHVETSRS

Thi s di aphragm and aneroid instrument is a refined
ai rspeed indi cator which shows speed as a percent of the
speed of sound. This percent is known as Mach Nunber
and is shown as .6, .7, 1.0, etc. For essential pilot
control an airspeed dial is also used for the slower
periods of flight such as take off and | anding. The
mach instrument used mainly to indicate the approach to
the point of conpressibility or the speed of sound.
Flight at or close to this speed usually inposes severe

| oads on the aircraft and coul d be dangerous.

Machnet er
ALTI METERS
This well known instrument was still an aneroid type
in 1946 but its range was bei ng extended to cope with

the high altitudes being flown, and in some cases its
size was decreased. Accuracy was enhanced and in sone
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A tineter
model s the nmet hod of display was changed to give a num

erical indication of feet simlar to the mleage counter
in an autonobile instead of a pointer-dial indication.
Further refined versions of altineters, known as conpen-
sated altinmeters, were introduced which automatically
made corrections for tenperature and speed effects as
well as other slight errors.

TURBI NE VI BRATI ON | NDI CATCRS

Due to the extrenely high rotational speeds of the
turbines in jet engines any snall unbal ance coul d cause
engine failure and even conplete |loss of the aircraft
ina short time should, for instance, a turbine blade
| eave. To provide a constant check on the condition of
the engines a vibration indicators was devel oped and is
inuse on nost jet aircraft of today.

During the postwar period, airplane design was rapid;
inproverents cane in all ways such as speed, altitude,
| oad capacity and reliability. For the early portion
of this period up to 1950 instrumentation design and de-
vel opment kept pace with that of aircraft. Design was
concentrated on elinnating pilot fatigue and error and
on devel opi ng the necessary new instrunents required
by jet aircraft. Many fanmous flights took place but,
froman instrumentation standpoint, one stands out
above all the rest:

Bet ween Sept. 20 and Sept. 22, 1947, Col. J. M
Gllespie and a crew rode as passengers in a

Dougl as G- 54 naned BI G PUSH fromWight Field, Chio
to Brize Norton, England and return with no one at
the controls. The airplane was autonatically con-
trolled the entire round trip distance with the

crew serving only as standbys to the instrumentation.

Trends devel oped toward all-el ectronic instrunenta-
tion. Specialized instrunents were devel oped for dif-

Di rectional

Oyro

Artificial

ferent menbers of flight crews, such as pilot, flight
engi neer, navigator, and radar operator- Many snall
light, standby instrunents were devel oped for energency
use only. But fromabout 1950 to 1955 instrunent de-
vel oprent appeared to | ag. Sone specific exanples will
illustrate this.

Rate of Ainb instrunments, nowusually called Verti -
cal Velocity Indicators were usually scaled for 0 to
2000 feet per mnute with sone later nodels going to as
high as 0 to 4000 fpm This was nuch too slow for nod-
ern jets fighters which, in a near vertical clinb or
dive, could easily exceed 4000 fpm

Atimeters had reached the point where three separ-
ate hands or pointers were needed. The first one cov-
ered 1000 ft. per revolution, the second 10,000 ft. per
revolution and the third 100,000 ft. per revol ution.

Thi s produced a confusing display for the pilot which
coul d be, and soretines was, nisread with disastrous
results.

Automatic pilot equi prent was designed for use at
reasonably normal flight altitudes, as gyros "tunbl ed"
or becane inoperative at angles of bank over 60° and
pitch or clinb angles over 20°. (oviously high angle
climb outs or dives and inverted flight could not be
perforned on autonatic pilot.

Ai rspeed indicators were beconing harder to use due
to the fact that planes were flying at higher altitudes
and corresponding | ower tenperatures. Both of these
environnents require greater corrections to be applied
to the indicated airspeed to provide true air speed.
The original uses of an airspeed indicator were to pro-
vide data for navigation and to warn of a decrease in
speed approaching the stalling speed. Navigation had
by now becone al nost exclusively a function of radio
and radi o-controlled instruments. Stalling speed,
which varies with the angle of attack, air density,
total weight of the airplane was no | onger a conpara-
tively fixed speed, but varied considerably from start
to conpletion of a flight. Thus the airspeed indica-
tor was no longer conpletely useful to its original
function.

Machret ers had been devel oped to indicate to jet
aircraft pilots the approach of Mach 1 or the speed of
sound, at which point extreme turbul ence and increased
air loads woul d be applied to the airplane. As the
dangers of conpressibility became known and under st ood
and aircraft started flying at speeds in excess of the
speed of sound, the machneter began to be used only as
an approximate true airspeed indicator. The mach

reading nultiplied by 10 equals true airspeed in
nautical miles per mnute.
= 7 nautical mles per minute or 420 knots.

As an exanple, Mach .7 x 10
(1 knot is

Hori zon 3-D Version of Artificial Horizon
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1 nautical nmile per hour). This conversion is exact
at 26,000 ft. altitude, but properly corrected for
tenperature effects would be accurate at all altitudes.
By 1955 instrumentation was being criticized by
pilots for readability, confusion of display, |ack of
uniformty of display between different manufacturers,
and overall poor lighting for night flying. In an ac-
celerated effort to conbat the various drawbacks of in-
strumentation of the early 50's the instrument conpan-
i es began serious devel opment of nore sophisticated in-
strumentation. Some of the types under devel oprment
during 1955-1960 cane into being as:

PONER LCSS | NDI CATORS

Wth the advent of multi-Jet aircraft it became ap-
parent that the lose of an engine could go undetected
for short periods of time, especially critical at take
off. A Power Loss Indicator was introduced and first
installed onthe British "Comet IV'. Basically it
measured and indicated the pressure in the exhaust cone
of the engine.

TAKE- CFF MONI TORS

A few serious drawbacks exi st
gines: They are slowto accel erate, cannot be shut down
as rapidly as reciprocating engines, and are nore de-
pendent upon air tenperature and density conditions. It
became increasingly apparent that accidents could easily
occur due to pilot errors during take-off. The take-off
nmoni t or was devel oped to showthe pilot, both pictor-
ially and with indicator lights, his exact status until
he is airborne. The tenperature, runway |l ength and
condition, and the aircraft weight are manual ly dial ed
into this instrument before starting the take-off.
Throughout the take-off run the pilot is show by the in-
strunent the point where take off should occur, the a-
mount of runway left and the distance required to stop
the aircraft in case the take-off is aborted.

inthe use of Jet en-

AUTO PI LOT | NSTRUMENTATI ON

This type of instrumentation consisted of so many
different types and nodels that it would be difficult
to describe them Each manufacturer, Bendix, Collins,
Lear, Sperry, Kollsman, and others produced and sol d
their own equi pnent using their own favorite principles
of operation and met hod of display.

It appeared that the industry was again going into
a period, starting about 1956, which woul d be notabl e
for divergence of opinion concerning pilot's require-
ments and preferences. This was nuch the same as the
early 1920's when instrunents were sem-circular, cir-
cular, or vertical in shape, with black on white or
white on bl ack nunmeral s, sized from2 to 6", in conbin-
ation or single units, etc. Between 1956 and 1960 there
were both white and red lighting, 1-7/8", 2-3A", 3",
and 5" dianeter sizes, noveabl e background with stat-
ionary mniature aircraft and stationary background with
moveabl e mniatureaircraft In auto pilot equiprent,

conbi nation and separate instrunents, snall standby or
dupl i cate equi pnent, digital readout or dial-type in-
dication, and circular and vertical scales. But nuch

of this confusion was elininated through the efforts of
the Air Force and the Navy toward standardization.

Toward the end of this period four basic systens of
navi gation and instrunentati on began to energe fromthe
chaos of the 1946 to 1955 era. These systens were
actually in addition to the normal radi o navigational
aids and instrumentation used during and after Wrld V-
Il

These four consisted of Inertial Guidance, Doppler
Radar, Navigational Conputers, and Star Tracking. As
far as airline navigation is concerned they are still
relying on basic radio navigation consisting of radio
ai ds over known popul ated areas and cel estial naviga-
tion augrmented with dead reckoning over water. Ob-
viously these nmethods are not acceptable to the mlitary,
as under war tinme conditions friendly radio aids woul d
not al ways be available and for security reasons a mni-
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mum of transnitting or receiving of signals by the air-
craft is desirable. Changes are al so beconm ng nandat ory
on airline aircraft partially due to the sane reasons

as the mlitary and partially because of the greater
lengths of flights. No commercial or mlitary aircraft
under consideration after 1953 coul d be designed as
merely a conbination of airframe and powerplant. Navi-
gation equi pment has to be considered as equal |y inpor-
tant as the choice of a power plant.

Three of the four new concepts and t he acconpanyi ng
instrumentation are briefly described. The fourth
system Star Tracking, is not feasible in its present
state for use on nmanned aircraft but is being devel oped
for long range space flight, which is an entirely new
and separate phase of navigation.

| NERTI AL GUI DANCE

This systemis the nost accurate conceived to date
and has the suprene advantage over all others of
nei ther sending nor receiving external signals. |Its
use therefore, cannot be detected, nor can it be dis-
rupted or Jammed by external neans, a factor of vital
inportanceto its mlitary uses. Devel opnent of opera-
tional versions of this systemwas started in 1955 and
it isnowinlimted use for both mlitary aircraft

and nmissiles and is under test for commercial use.
Details of the systemare still highly secret. The
basi ¢ principles and conponents can, however, be des-

cri bed.

The principle of inertial guidance is based on
Newt on' s second | aw whi ch, loosely stated, is "Velocity
is the rate of change of distance with time" and "Accel -
eration is the rate of change of velocity with tine."
The inertial systemmaintains a conplete history of the
accel erations of an entire flight fromstart to finish,
including those periods of steady state where neither
accel eration nor deceleration is taking place. The out-
puts of this systemare shown directly to the pilot and
are also fed into a navigational conputer. The output
information consists of latitude and | ongitude or bear-
ing and di stance, depending upon the type of system
These outputs can, by nathenatical neans in the navi-
gational conmputers, be made to read out to the pilot as
distance traveled in a giventine, deviation froma pre-
determned track, tine, distance and course to desti na-
tion, and estimated fuel remaining at destination.

Mechani cal |y, the systemconsists of a stabilized
platformcontaining two or three accel eroneters, three
gyros, aclock, afirst and second integrator, a conpu-
ter section and a position indicator. The accel ero-
meters are devices which accurately indicate any dis-
pl acenent froma steady notion in one plane. One is
used for each plane of notion, that is North/South,
East/West, and vertical. The vertical accel eroneter
is less inportant in manned aircraft applications and
in sone cases nmay be elim nated.

The attitude in space, of the stabilized platform
is maintained by three gyros, each one controlling the
position of one plane. The platformis also autonati -
cally maintained parallel to the surface of the earth.
El ectrical output signals fromthe accel eroneters are
fed to an integrator which converts the information
mat hematically into an electrical signal representing
velocity as a function of tine. The signals are then
fed into a second integrator which nathematically eon-
verts the information into distance traveled in rel a-

tiontotime. These signals are finally fedinto a
conput er nmechani smwhi ch conbi nes and converts the
signals and transmts themto the position indicator.
This indicator is the display unit seen by the pilot
and, as stated previously, the display is read out as
latitude and | ongitude or distance and track.

Many nminute corrections are required by the in-
ertial guidance systemin order to obtain the desired
accuracy. The cl ock mechanismrotates the accel ero-
meters on the stabilized platformat a rate exactly cor-
responding to the earth's angular velocity. This is
15° per hour. This rotation-counteracts the rotation



Page 200

of the earth as it must be renenbered that a gyro a-
ligned platformwi |l remain stable in space and not in
relation to a senm-fixed item such as the earth.
Corrections are applied for |ongitudinal position
since changes in longitude are dependent upon |atitude.
For instance, at the Equator a 60. nile distance is equal
to 1° longitude while at a 45° latitude position (rough-
ly that of the North Anerican Continent) 60 mles equals
|.4° longitude. The accuracy required by this system
can be visualized when it is known that, by tilting the

platformthrough 1 minute of arc, (1/60 of 1°) it wll
result in an error of 12 niles in a typical one hour
flight. Corrective action must be taken to correct

errors introduced by other corrective actions. To il-
lustrate, if the stabilized platformdrifts fromits
predetermned setting during a certain period of tine,
for instance ten seconds, it nmust be correctly reposi-
tioned by the gyros, and an equal and opposite drift

is automatically initiated for an equal ten second per-
iod to effectively erase the original error. Correction
is also nade to allow for the earth's having a slightly
greater diameter at the equator than at the poles. This
correction is in the neighborhood of 1/10 of 1%

DOPPLER RADAR

The Doppl er Radar systemwas devel oped to determ ne
the two nmost inportant functions of aerial navigation,
ground speed and drift. It was initiated in 1933 by the
U S. Wavy with a study contract. |In 1945 a test system
was flown. By 1946 a major programhad been devel oped
and inproved equi pment was being flight tested in 1948.
The principle upon which this systemoperates is basic-
ally the same as radar in that a high frequency radio
beamis sent out and reflected fromthe earth to the
aircraft. The reflected signal will show a change in
frequency proportional to the speed of the aircraft due
to the age old Doppler principle. This can best be il-
lustrated by noting the way an auto horn or train
whistle tends to rise in pitch as it approaches the
listener and drops in pitch as it recedes. The change
inpitch is an apparent change in the frequency of the
sound waves. When approaching the |istener the object
emtting the sound is overtaking the sound waves thus
increasing the frequency and when receding the object is
sendi ng out sound waves opposite in directionto its
motion thus decreasing the frequency. For those whom |
have now conpl etely confused, | suggest that you refer
to a H gh School Physics or General Science book under
Doppl er Principle.

In aircraft systens a two-beamsignal is transmtted,
one forward of the plane and one rearward. The trans-
mtting antennae sending the signals is swvelleduntil
the doppler shift is identical for both. The antennae
is thus aligned perfectly with the flight path of the

aircraft. The anmount of doppler shift, or change in
frequency, between transmtted signals and reflected
signals will indicate aircraft ground speed while the

alignment of the antennae will indicate direction of
flight. Conparison of the antennae alignnent with the
course indicated by the nagnetic conpass will showthe
actual track being flown.

The output of the Doppler radar systemis shown to
the pilot as true ground speed and headi ng. These out-
puts, like those of the inertial guidance system are
fed into a navigational conputer.

NAVI GATI ONAL  COMPUTERS

To enable the pilot to performthe multiple cal cu-
lations required for aerial navigation, nore quickly and
accurately, various forns of el ectromechani cal naviga-
tional conputers have been devel oped. All use the sane
principles in that they make use of the various data
such as airspeed, direction, altitude, etc., to nathe-
matically determne the aircraft position and course to
be steered. |Inputs to the conputers can be manual or
automatic or a conbination of both. The increasing
tendency is to submt the required inputs automatically,
thus elimnating additional sources of human error and

decreasing the time required for operation of the
conput er .

The output signals fromlnertial Quidance or Doppl er
Radar systens are used as inputs for navigational conpu-
ters. However, they still require additional accurate
inputs on true airspeed. To provide this information
inits nost accurate forma further conputer nechani sm
known as an Air Data Conputer is used. This gives ac-
curate information about the atnmosphere to both the
aut opi | ot conponents and t he navi gational conputer.

Mbst air data computer systens make use of static and
pilot, or total, air pressure, outside air tenperature,
and angle of attack. These inputs are conbined thru a
series of gear trains, cans, and clutches to provide
corrected data to the navigational conputers and to the
various cockpit indicators. Due to the conplexity of
these mechani snms and the accuracies desired the various
forms of air data conputers currently bei ng manufact ured
are actually tailored to particular nodels of aircraft.

During this last several years not only were new
instrunents and new navi gati onal systens being intro-
duced but al so the overall instrument display was bei ng
inproved. Relationship of one instrunent to another,
proper location in relation to inportance of infornation,
and tine required to mentally absorb the displayed in-
formation were a few of the najor fields investigated.

Two typical exanples of integrated display panels
wi Il be discussed. Shown here is a sketch of one type
of panel under devel opnent by the Wight Air Devel op-

ment Center, Flight Control Laboratory. This general
type of panel was planned for use in the Convair F-106,
Republic F-105, North American F-108 and North American
B70. By proper design and | ocation of individual in-
struments the panel provides the pilot with two basic
reference lines named as the "forward | ooking view' or
horizontal |ine, and the "downward | ooking view' or ver-
tical |ine.

STANDBY AIRSPEED —

\ il

AIRSPEED AND

/~ALTITUDE & VERTICAL
VELOCITY INDICATOR

ENGINE INSTRUMENTATION

LHORIZONTAL ATTITUDE
INDICATOR

Paraneters di splayed along the horizontal line in-
clude airspeed, rate of clinb, altitude, angle of attack
and rate of acceleration. Along the vertical line are

di spl ayed aircraft heading, turn and bank rate, and

navi gational information. The concept of "fixed air-
craft and noving horizon" was adopted for the attitude
direction indicator, and insofar as possible, the para-
meters previously displayed on separate instrunents were
conbi ned into a ninimum nunber of instruments. Sone of
the instruments were vertical -scale types using a nov-
ing tape. Flight testing of this panel has been going
on for about five years and many of the inprovenents
devel oped and tested therein have been al ready incorpor-
ated inthe latest mlitary aircraft.

Anot her approach to an integrated panel can be seen
on Page 201. This is a conplete engine instrunmentation
system devel oped by Eclipse Pioneer D v. of Bendix
Corp. for use on the C-130B aircraft. At first glance
it appears to be a neat conpact grouping of engine in-
struments, all vertical in shape and all using vertical
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Typi cal Instrunents of 1946-1960 period

tapes. However, an entirely new approach is used.
Though this panel is for a four-jet engine aircraft,
nost of the paraneters including Turbine Inlet Tenper-
ature, %of RPM Fuel FlowRate, O | Qantity, Tenper-
ature, and Pressure are only shown singly. The in-
strument systemcontinually nonitors all four engines
and di splays the condition existing in the one engine
whi ch devi ates nobst fromthe opti mun value. The small
tubes above each indicator, known as "nixie tubes",
then display the nunber of the engine being nonitored.
In other words only the conditions in the engine furth-
est fromits operating nmean are displayed as that is
all the pilot really needs to know. In addition, by
neans of the nunbered sel ector switches, the pilot can
sel ect any one engine and have all paraneters for it

di spl ayed whenever he chooses. This system occupies
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Integrated Engine Instrunents
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only 2/3 of the space previously required for conpar-
abl e four engine instrumentation, is easier to read,
and provides a nore useful display to the pilot.

During the entire period from1946 thru 1960 there
were so many new airpl anes designed that it woul d be
inpossible to list all of them | have listed just a
few typical planes of the transport category to illus-
trate the instrunents in use and the changes in in-
strunentation during this period.

1946 Dougl as DG 4. Commercial version of G54 four
engi ne transport, used all renote reading types
of engi ne gages, Sperry A-2 auto-pilots, and
air driven gyros.

1947 Dougl as DC-6. Conmmercial version of wartine
C-56, used electrical gyros, all electronic
Pi oneer PB-10 auto-pilots, remote fluxgate
conpass, and el ectrical capacitance fuel
gauges. Airborne radar was devel oped on this
aircraft.

1949 Convair 340 Twi n-Engine transport for short
range flights. First transport to be equi pped
with weat her radar as standard equi prent.

1953 Douglas DC-7. Inproved |onger range, |arger and
faster version of the Douglas DC-6. First trans-
port to make full use of navigational and auto-
pilot instrumentation conbined into an integrated
system Al so nade great use of miniature instru-
ment s.

1956  Lockheed "Jetstream Constellation". Last of the
pi ston engine airliners. Used pol ar-path conpass
al l owi ng scheduled airline flight over area adja-

DC 6 Panel



Page 202

s o . 8
o E .

o

Convair 340 Panel

cent to North Pole. Al so introduc

ed use of mach

airspeed indicators on transport equi pnent.

1958 Boeing 707. Commercial version of
tanker. Used machneters, true air

Air Force jet
speed i ndi cators

and angle of attack indicators plus all instru-
nentation required for jet engines.

1959 Douglas DC-8. First jet transport

desi gned pri -

marily for conmercial use. Used basically the
same instrumentation as Boei ng 707.

It may appear that so nuch inprovene
has been made in the design of aircraft

nt and progress
instrunents from

DC 3 Panel

DC-7 Panel

1930 to 1960 that little remains for the future. But as
has happened so often in the past when designers becone
conpl acent about today, tonorrow overtakes themand the
probl ens of space navigation now cone to the front. As
we | eave the present to speculate on the future, | would
like to close this sectionwith this thought, that in-
strunents were devel oped because man wanted to see the

i nvisible, hear the inaudible, and feel the untouchable.
W thout instruments there could be no nodern aircraft.
But seldomare these little gages and bl ack boxes, or
their designers assigned their true position in influ-
ence over events past or the shape of things to cone.

THE FUTURE 1961 - 1980

At the risk of being proven wong, | would like to
di scuss a few of the anticipated probl ens and sol uti ons
inthe field of manned aircraft instrunmentation during
1961 to 1980 peri od.

First, it nust be understood the aircraft field has
become so broad that it is al nost inpossible to discuss
it in generalized ternms wthout specifying the particu-
| ar phase or type of aircraft under discussion. The
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standard types of private sport planes, feeder |ine
transports, trunkline jet transports and nilitary sup-
port aircraft will probably remain basically the same
for many years to come. The notor car never obsol eted
the horse, it nerely placed it in a different category.
Neither will rockets, ICBMs or spacecraft obsol ete our
present fornms of earth bound transport. But further
change in our aerial transport and pleasure flying air-
craft will be slow Let me then, for the remainder of
this discussion, concentrate on instrumentation for the
manned, |ong-range bonber or transport and touch
lightly on spacecraft.

The trend in instrumentation will be to display as
few paraneters as possible solely for nonitoring pur-
poses as alnost all functions of flight must eventually
become automatic or ground controlled. Mich effort has
been expended in recent years to devel op instrumentation
and control systens |eading toward the so called "CO ang-
outang pilot approach" whereby conplete flight is auto-
matic and all decisions, even those involved in emner-
gencies, are autonatically programred in advance into
the controls. This general approach is being altered,
as being too advanced, to that of a "Pilot Manager" con-
cept whereby the skill, background, experience, and
thought processes of the pilot are used to nmonitor the
flight procedures and apply corrective action as re-
quired in emergencies. This neans that decisions are
still left to the pilot but routine functions are
handl ed autonatically. " Under these conditions the op-
eration of instruments as well as the displays provided
wi I I change somewhat fromthat conmonly in use prior to
1960.

Actual Iy a new concept of flight is being formulated
and froman instrumentation standpoint this means a re-
determnation of what to display and howto display it.
The ol d basic val ues of altitude, speed, and attitude
are no longer valid for the type of flight being planned
after 1960. Altitude in thousands of feet woul d be
astronomcal. It will probably be displayed in mles
or possibly time to point of inpact, or even in angul ar
measurerment in relation to celestial bodies. Speed
will certainly be useless in relation to the ground
especially during vertical or near vertical clinbs and
dives. It will have to be related to sonme di mension
wi thout earth boundaries such as Mach nunber (percentage
of the speed of sound) or even a percentage of the
speed of |ight.

Attitude inrelation to the gravitational pull of
the earth will hold little neaning. It will be nore im
portant to display it as a function of the anticipated
landing position, line of flight, or perhaps in relation
to an artificial gravity effect within the vehicle it-
sel f.

Al future instrumentation nmust be coordinated to
supply instantaneous information. The days of the in-
di vidual indicators supplying one itemof flight infor-
mation are disappearing. A picture of the aircraft at-
titude, speed, altitude and position nust be continu-
ously presented, together with the identical information
for the immediate future. No longer can the pilot rely
on nental calculations of conditions of the noment to
determne future positions or attitudes. Instrunents
wi Il show current information together with "conmand"
information, i.e., the proper altitude and speed re-
quired to make good a predeternined line of flight. The
pilot will not need nurerical indications, nmerely per-
cent of error indications between the actual and
' conmand” condi tions.

Anost all instrunentation will be electrical due
to the distances fromthe point of measurenment to the
poi nt of indication, the ease of converting indications
into easily measured el ectrical quantities such as volt-
age, anperage, and frequency, and the requirenent for
i nstant aneous indications. The "conmand" approach | ends
itself readily to the "Null Bal ance" type of electrical
i ndi cation whereby a "percent of error" signal is bal -
anced out by a fixed or known signal. The anount of
deviation fromthe command condition will be continu-
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ously apparent as well as the imediate effect of any
corrective action. Mbst normal in-flight corrections
necessitated by the differences shown on the indicators
bet ween actual and "conmand" conditions will eventually
be nade autonatically since human pilots will not be
able to interpret the data and apply the necessary cor-
rections intine. In some respects this point has al -
ready been reached.

To illustrate this, consider the officially listed
head- on approach speed of two 1960 FAH 1 "Phantom I "
fighters. It is over 4000 f.p.s. This neans that if
these planes were 15 mles apart and flying toward each
other on a collision course when you started readi ng
this paragraph they woul d have al ready col lided.

Anot her exanple is well brought out by a recent
Ceneral Hectric advertisement which states "A dash
speed the B-70 will fly a mile for every breath you
take. From13 mles up the pilot will be able to di-
rect his "Val kyrie" (B-70) across continents in an hour
and a hal f."

Cbviously the pilot will only be needed to nonitor
the corrective action as it is automatically applied
during flight, and to provide sone control in the face
of unforeseen problenms. Be will |ong be needed for
taxying, parking, and for a relatively shorter period,
for a portion of the landing and take off. He will
al so serve as a synbol of control in passenger carrying
aircraft for many years. However, before we realize it
the instrumentation presentation to the pilot at normal
conditions as we know themtoday, will no |onger be
necessary. Like the pilot, instruments will be carried
long past their period of usefulness. As long as pilots
inhabit aircraft some formof display instrunentation
will be used, if for no other reason than to occupy
their long periods of boredombetween periods of packing,
taxying, and conputing income tax on their various jut-
side activities. . The concept of the "Q angoutang
Pilot" may be too advanced for 1961 but it will corns
eventual ly.

In the nmeantine, from1960 to 1980 many new i nstru-
ments already in the design or prototype stage will be-
come conmon. Sone of these are:

HOR ZONTAL S| TUATI ON DI SPLAY

This unit will display the exact |ocation of the
aircraft inrelation to a navigational map. This type
of instrument, though it has many inherent difficulties
to be overcone inits present prototype state, wll
eventual |y becone conpletely reliable. It will pro-
vide for insertion of the proper map portion covering
the planned trip and will be electrically operated.
It will probably be controlled by a series of accel er-
onmeters (devices which can record extremely snall
variations of notion of the aircraft in any direction)
which will feed their data to a conputer device which
Will inturn integrate the three di mensional data and
display it as a constantly noving poi nter on the nap.
It is possible that the operation may be partially or
conpletely controlled by some formof automatic star-
plotting device. |In either case the accuracies required
of the nechanisns will be fantastic by todays standards.

OOLLI SION OR PROXIM TY WARNI NG DEVI CE

Various fornms of collision warning devices to warn
a pilot of the approach of another aircraft on a col -
l'i sion course are under devel opment. Some operate on
radar principles while some use infra-red detection
systens. The probl ens involved are far greater than
originally anticipated: to name a few, actual identi-
fication of another aircraft as opposed to rain clouds,
snow, birds, and electrical disturbances such as Aurora
Boreal i s, and pi ckup of the warning signals in suffi-
cient time to allow corrective action. It has not been
determ ned what systemwi |l eventually prove the best
but within a fewyears this instrument will be in gen-
eral use.
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' METECR AVO DANCE DETECTCR

This instrument, for use by space vehicles, will be
a natural evolution of a collision warning device and
wi |l probably be of sinpler construction, an assunption
is based on the fact that space flight will be past the
area of earthly disturbances either electrical or nete-
or logical. It will indicate the approach and cl osi ng
speed of dangerous nmeteors to the space craft in suf-
ficient time to prevent collision. ¢

RADI ATI ON WARNI NG | NDI CATCRS

These instruments will be used on nilitary aircraft
to warn of areas of dangerous radioactivity and to
measure the radioactivity level of the air through
which the aircraft is flying. These units will be sin-
lar in operation to the stormwarning radar systens al -
ready in use.

FUEL SYSTEM | NDI CATCRS

Normal liquid level indicators, as used in today's
aircraft, will soon outlive their usefulness. It wll
be necessary to know the quantity of fuel remaining and
the rate of usage of each propul sion unit very accurate-
ly. Problens will present thenselves as the aircraft
will not always be in a normal horizontal attitude and,
at least in spacecraft, the flight will be ina "zero G
condition. This means that liquids will no | onger fol-
low normal patterns but will float around the fuel tanks
in large bubbles or masses. Cbviously pressurized fuel
systens will be required and the gages will show the
range of the craft probably in increments of time at ex-
isting flight conditions. They will also provide a con-
stant record of the actual fuel usage as conpared to the
prepl anned usage so that corrections can be made as re-
qui red.

Al RBORNE TELETYPE

It has been recently predicted in a national naga-
zine that withinten years all airlines will be using
airborne teletype instrunents. At present the F.AA
(Federal Aviation Agency) is evaluating two types of
instrunents. They will be used for ground-to-air-to-
ground communi cations. Messages will appear inmediately
as transnitted in a lighted wi ndow on the instrunent
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Hartz, R S. Col., Report to Director of A.S., Round the
R mFlight (13 Nov 1919, Museumfile C71.6/2.

Pearson, Lee, letter to author, (24 July 1961).
Smith, Paul V, letter to author, (10 Feb. 1961).
Mtchell, WIliam Wnged Defense, p 45 - 46.

Al R SERVI CE SERI AL NUMBERS OF MARTI N MB-2 AND NBS- 1
BOVBERS

A.S. 64195 through 64213—Martin built, one serial num
ber of the Martin contract for 20 nachi nes has not been
identified.

A.S. 68437 through 68471--L. WF. built.
A. S. 68478 through 68527—€urtiss built.

A. S. 22-201 through 22-225-Aeromarine "built.

Note on GMB serial nunbers; the followi ng have been
identified as GvB (MB-1 serial nunbers: 39055, 39056,
39057, 39053, 39059, 62949, 62950, 62951. Two seri al
nunbers are m ssing, woul d appreciate hearing from any-
one who can supply them Merle d nsted.

panel . Advantages of these instruments will be their
ability to transnit air traffic control data to individ-
ual planes or groups, the fact that various |anguages
can be used, and coded neteorl ogi cal synbols and data
can be transmtted without chance of error due to noise
interference, msunderstanding due to various accents,
or garbled pronouncenments. Al so the nessages can be re-
tained for later reference rather than relying on nmenory
of a previous radi o nessage.

W NDSH ELD DI SPLAY SYSTENMS

A new approach to the problem of display of data is
inthe prototype stage. It's basic elenment is a snall
cathode ray tube sinilar in operationto a TV picture
tube and a | ens systemwhich presents either directly
or by reflected image the airspeed, altitude, aircraft
attitude and relation of the aircraft to an artificial
horizon, all on the windscreen directly in front of the
pilot. The display is conpletely transparent and does
not interfere with the nornal view of the pilot. This
elimnates the pilot's refocusing and | owering his eyes
each time he wishes to check the instrunent readings.
When coupled with a method for automatically regul ating
the brightness of the readings in relationto the out-
side light conditions this systemholds great prom se,
especially for use at critical periods such as |anding
on aircraft carriers, and descendi ng through overcasts
preparatory to |anding.

I'n 1 ooking back over the history of aircraft instru-
nmentation, it can be seen that there have been some
periods of great progress and other of lethargy. The
future can only be surmsed but if the plans and de-
vel oprents of the present are any indication the whole
field is due for tremendous change in the next 20 years.
The airplane driver is headed for the passenger cabin
where he will join us passengers relying conpletely on
the "little bl ack boxes."

W are hoping to persuade the author of this series
on Aircraft Instruments to wite a further series con-
cerning their devel opnent fromthe viewoint of the men
who evol ved them in other words, the men behind the
machi nes, with recognition for those who pi oneered blind
flying, the GC A, high altitude and col d weat her in-
strunents.

PHOTO CREDI TS:

Page 197 - Machneter, Pioneer Central Div., Bendix Corp.
Page 198 - Altinmeter, sane.
Autopi l ot Instrunents,. Aircraft Conponents,
Inc.
Page 201 - Typical instruments 1946-50, Pioneer Central
Di v., Bendi x Corp.
Integrated engi ne instrunments,
Pi oneer Div., Bendix Corp.
DC 6 panel, United Air Lines
Page 202 - Convair 340 panel, United Air Lines
DC 7 panel, Douglas Aircraft Co.
DC- 8 panel, Douglas Aircraft Co.

Ecli pse

The CAPTAIN and The KIDS

The above was the nickname of a B-24 of sone nodel,
with mniature bonbs painted on the fusel age indicating
41 m ssions. Menber Leo J. Kohn, of 925 S. 91st St.,
West Allis 14, Wsconsin, has others; PUDDLE JUWERI |,
W LD ASS RI DE and PACI FI C PASSION.  PUDDLE JUWPER || had
18 mi ssions, and the name, S. Levis, painted above the
m ni ature bonbs. PAC FI C PASSI ON had 32 ni ssi ons.

Leo wants Information concerning these, where the
phot os were taken and the disposition of the aircraft.
Apparently all pictures were fromthe sane source.
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