
Douglas DC-3

I,ffING IN THE PAST 1939-]941

W L939 it ras evident that a world wide conffict
was €minent and that a:ircraft would play a najor part.
Tilis had been frequently forecast in this country by roen
such as General-s Mitchell, ChennauLt and ottrers, but the
more outspokcn aeronautical leaders were aysteuatlcally
discredited and r@oved fron positions of responsibi'lity.
Bccausc of Amcrlcars isolationisn the Europea.n instru-
mcnrt desi-gners, especialjy thoee irr Gernany, entered
lrlorld l{ar II far advanced i-n the state of the art over
thoge of thls country. While the developnent of ttiLi-
tary i-nstrunentatlon jr this country lagged, equlpnent
fortunately ras beilg deveLoped gomglgie'l'ly by airlines
such as United, lmerican, and Pan Anerican in coopera-
tion rith the components conpaniee such as Bend:i-x,
Spcrry, and Kollsnan.

lbval ariation trai-ning had for years stressed navj--
gaticr and use of instnrnents. This was necessary due
to the type of narigation reguired for long overwater
flights, the location and retum to notrilg aircraft car-
rlcrs, and location of noring targcts duririg siroulated
nissions. Horever, the air arm of the Navy on the whole
rras sn:]] and lnadequately equipped.

The Ary Air Corps, though sonerhat better eq.uipped,
devoted lcss attention to navigation traini-ngr relyi-ng
al-nost e:cclusivcly on visual reference to Isrown land-
rnarks and known radlo aids. The fs]'lacy of those neth-
ods had earlier been denonstrat€d jn 1934 when the Arry
Air Corps was ordered to fly the ai:mail routes in placc
of ccmmcrclal airliles. Though appro:dnately two-ttdrds
of the cxisling routeg wsre elinin3ted, and nidway in
the fiasco :'l l figll ffying was banned, withi:i two
nonths trelvc pilots rvere dead, many trrore i-nJured and
nany Air Corps alrcraft were 1ost. The nethods of train-
ing and mrch of the cquipnent remajred unchangerl untll-
soe of the lessons learned W our aLli-es between 1939
and ]94f wsss fl_tla.l 

.ly 
heeded.
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Durlng the early years of World War II,1939-I9li-,
I1tt1e ner instruaentation ras ixtroduced to United
States aircraft. Many refilanents and alterations of
existing j:rstnrments were nade, and the instrunent pan-
els of n-ilitary aircraft becane overcrowded and diffi-
cult to use. With a trend torrar.ri four-engine bouobers
and some chenge toward trin-engiae fighters, the nrmber
of indkidual instrunents beeame exeegsive. Typied.
enginc i-nstruments i-n a four-engine bomber consisted of:
4 Tachometers 4 FueI Pressure Ceges
{ Oil Tanperature Gages 1 Amneter
4 l,lanifold Pressure Cages 4 0i1 Pressure Gages
4 to I l\re1 Level Gages 1 Voltneter
4 FueI Air Ratio Gages t Dlg:i-rre Synchronlzer Cage
4 Fucl Flor Cages 4 Carburetor Ternperature Indi--
1 Cylirtder Head Tenpera- cators

ture Gsge

In addition there were many general purpos€ lnstru-
mentg such as:
Suction Pressure Cege for Venturi Pressure
Outside Air Temperature Gage
Flap Positior Indlcator
landfug Gear Positi-on Indicator
Orygen Flow Indicator
Llevator Teb Position Indicator
Hydraulic Pressure Gage
Orygen Pressure Gage
De-Icirrg Pressure Gage

Then there were the navigation lnstrurnents, nany or
whlch r+ere duplicated on both pilotrs and co-pilotrs
sides of the instrument panel.

Magnetic Conpass - Standby Alti.nefer
Turn and Bank Indicator Alrspoed Indj-cator
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AVIATION INSTRUMENTS
PART 3 Bv ROBERT H. SCFiEPPLER

This continues the very fine series on Alrcraft Instrunenfs begun by
Member Robert Scheppler il the Fa1l, 1961 issue of the J0URNAL. Part
IV, covering the Post-WWII period, will- be presented later ilr-is year.

Autmatic Pilot (GYro Horizon Radio Cmpaes Indlcator
and Directional GIz.o) Clock

Rate of Cllnb Indicalor
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Cyro Flux Cate Compass. Ti,is instrr.t'.rert, developed by
Pioneer Ir:st,rr::lent Co., was even;Lal-ly installed on
r.osi. nrilitary aircraft and provided tjre most accuraie
direction-indicati-rg deuice up t.o ii{II. (Fhotc -
lclips: - Pion:er Div., B:ndix Jorp.)

Ffually, therc nere between fifty and ons hundred
addttimal controls, sritches, and lights for actuating
or indicatjrg the cordltions of varlous systeru such as
propellcr feather5ng, cabin alr pressurizing, radio
cquilnent, lntercon equilnent, navigatlng and operatlng
Iigbtjng system, and various standby eleetrical, hydrau-
ILc and penumtic systems.

Al'l the abovc ixstruments were either of two stand-
ard sizes: I-7/8 )r.ch or 2-3/4 inch diarneter. The
Sperr:f Qyroscope Co. pioneered in the standardization of
i-nstrunents rorkfug in conjunction with the Air Forces
and the Civil- Aeronautics A&ainistration. the l--?,/8 and
24/l+n dlameter d.tal slze and the use of whlte nuraerals
on black dlals had previously been standardized. At
thls time the itens requirjng gtandarlii-zatist were Let-
terirtg on dials, il-J.umlnation, cover glasses, nane

lgorthrop ttDeltatr (Courtesy of Charles liandrake)

plates, and overall dimensions. Progress rras made on
these itens which helped considerably during the nexb
few war years when the quantities of instrum€nts re-
qLired could not have been built rrithout etandarr:lization.

Sme instrunents especially those for the englneol
nere courbj:r"d; ll place of four separate instrunents,
two would be used, each wtth two separate lndicator
hands suitably ldqrtlfled for tbe ixdividual- englnes.
Or, i-n prace of four separate instn:nentEr one dial ltith
a four-position selector sritch was used. These c@-
bined types of gages appJ-ied to tachmeters, maldfold
pressure g?gesr fuelr/alr ratio gages and en&ile tenpera-
ture gages.

Just prJ-or to our entry Snto IdWI the nechanisns usd
for instrunentg had cha,nged considerably frm the types
originally designed and used for nany years, aod a fer.
nsr ones began to nake their appea,rance.

$esgulelqsgq such ag fue1, de-icing, oil and hy-
draulic uere generall-Jr of two types, either Bourdm tube
or electrical. The Bourdon tube type consisted of €n
expanding cutwed tube connected by direct line to the
pressure to be neasured. The movenent of the tube was
nagnified and displayed by roeans of a po5lter on a dial.
This type of gage could not be used where a csparatlve-
1y long connecting tube was required. For pressure
gages end other iristrtnents jn jlstel]ations involving
l-ong lengths, elcctrical- lnd:Lcators nere used j-rt which a
pressure pickup dcvice transnitted an eloetrical signal
whose voltage was proportiotral to the pressure being
neasured, and this signal actuated a neter on the i-n-
struaent panel.

Suction Ceges such as vacuum and nanlfold pressure
were of diaphragn or electrical- types. The diaphragn
type used a thin membra.ne or diaphragm to separate tno
different pressures. One of these pressures lrae a
statie or reference pressure while the other rcas the one
being measured. The ratio of these pressures deternined
the a,norrnt of movemsnt of the diaphragn whlch, 5n turn,
was nagnified and displayed on the j.nstrunent face.

Thermoneters sere of the rapor pressure or electri-
ca3- types. The vapor pressure type used a sealed bul-b
to connect the point of meagr:rement to the cockpit fudi-
cator. A liquid ineide the bulb e:panded a,nd vaporized
with ircreases ln temperature. The preesure developed
by the erpandirlg gas in tho sealed bulb and tube actu-
ated the pointer on the instrument face.

Tachcmeter design had been standardized in two typcs,
chronometric and georerator voltaaeter. The chronoetrlc
type nas a forn of watch-type mechanism rhich actually
counted the revolutiong for a one second period and dis-
played the result on the instnment facc. This reguired
a direct flexible drlve between thc englnc and the in-
at:run€nt. In the generator voltneter type the generator
voltage output sas moasured by the voltmeten in the
coekpit and displayed as revolutions per ninute. A
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variation of this, lcnown as the ttmag dragrr type, was
also used. It had the advantage of elininating the
overshoot and undershoot comnon to generator voltneter
types.

,as
they were sometijoxes }cnoun, consj-sted of a series of
smaII charnberg thru which fi-ne r*'ires were ]-aid to ford
a so-caIled flbridge circuitrr. Two of the chambers were
open to the e:draust gases while two were sealed. The
resistance of the wires in the sealed charnber was lgrown
and fixed, while that of the wires i-n thq exhaust gas-
fil1ed ciunbers varied u'ith the arnount of different
gases being e:dtausted W the engine. The two reslsi-
ances were coapared and the slight differences were
neasured by a galvancurbter. The fudj.cation was shonn
gs a ratio of air to fuel. Proper ni-:cture ras naintain-
ed by nanipulation of the engine nixture controls to
mafutaln a thirteen- or fourteen-to-one ratio of alr to
fuel-.

Cylinder Head Tenperature Gages were used on alr-
cooLed engl-nes as a nealls of deterrdning the general
ternpcrature level wittdr the engine. They were coruxect-
ed to the rear sparkplug of rhat was deternfued to be
the hottest ruruaing cy3-inder h the ongire. They con-
sistod of a thernocouple (two electrical leads of dis-
sirnilar netals) Joiled at the engine connection and
agajn at the jrstrument jl the cockplt. Duc to inherstt
propertles of the metal, a vcry slight electrical cur-
rcnt which rraried with the temperature belng measured
wor.ld be set up in the rires. Thia slight curent flor
was measured by the cockpit instrument end Lndicated as
a tenperature.

ln Ergfuie Synchronizer consisted of a nllfivoltneter,
(a voltneter which reads exLrernely 3na1] v6lfsges) con-
nected across the generators of lwo or more engines.
These were the same sna1l generators usod for tachometer
readlngs. The signal-s were bal-anced against each other
so that nhen the emgines were runrrilg at exactJ.y the
saae speed, the diaL on the nlllivoltmeter would read
Z€roo In sone cases the leads were connected across the
engine nagneto U.nes instead of generators.

9ensf_!ife_1f!:.ne!_ert had been developed by Koj-lsnan
Instruloent Co. wtrich were readable to 701000 ft. Ttris
was neraly an exbension irt range of existfurg instrruents.

Rate of Clirnb Indicators were belng altered to cover
the htgher rates of cli.nb of rLilitary alrcraft. Range
was being extended fron 0-210@ fprn to 0 to 4r@O ftrxn
and the scale on the jrtstnrnent face ras being changed
to a logarithnric scale to provide wider graduations and
therefore better readablli.ty at the sIoner c'linb or dlve
fates.

Airspeed Indicators for high speed aircraft were
developed by Pioneer Instrurnent Co. which could be read
fron 50 to 700 nph. Thbse instruloents had a nulti-revo-
Iutio pointer and each revolution represented 10o nph.
A 1arge numeral, showing through a cutout in the face of
the i-nstrunent, lndicatcd the proper 10O pgaduation.
Thls improved readability throughout the range considcr-
ably.

Drgjne Instniments of the renote-reading autosyn
type were doveloped by Pioneer Instrunent Co. The auto-
syn or transmlttlng device was a movable el-ectrical coll-
unit which lras moved or positioned by the pressure, ten-
perature, vacuutn, etc. being measurd. Through an elec-
trical circult this autosyn positioned another autosyn
in the cockpit jadicator, The motiqr of the indicator
autosyn nae registcred on the face of the instrunent as
a tenperature or a preesure. The developnent of th:is
typo of renots readout ras a naJor step il the over al1
ilstrument improveraent picture.

Accel-croneters were devoloped to serve as visual
warning deviccs of the approach of dangerous accsLera-
tj.ons. These instrunents measured the grauity 61 tlgtt
forces being exerted irr a single plan". These instru-
ments used a snall weight roounted jl the plane in which
ngrt forces were to be measured. Moveurent of this weight
actuated a pawl and ratchet assenbly which ln turn rnoved
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a pointer on the hdicator face. Both negative and pos-
itive ttgrr forces coul-d be measured with one po5-nter.
1\ro additional pointers were usual\y incorporated on ihe
dial face to show naximun positive atrd negative ttgtt

forces. encorurtered durhg I flighl. These two pojnters
did not return to zero after displacsnent but remained
at their tnaxi-urun poht of travel until nanually returned
to zero. This instrunent was useful to the pi.Iot to in-
dicate forces on the aircraft in flight and was heJ-pful
to the ground crews to indj-cate naxignu foree experl-
enced by the aircraft during any one flight.

A correspondilg change uas taking place in the
lighting of irtstrunents, as welJ- as standardization. It
had becone the accepted practice to individual.ly light
each jnstruroent. Ttrj-s increased the weight, took up ad*
ditional space, and conplicated the instrument design.
The ftirnes Co. developcd a nervr ultraviolet lightirrg
system ihat provided a soft J-ight on aI] instrurnents
fron one or two nain lights. At the sa,ne tjme the
Kollsrnan Instnurent Co. developed fluorescent lighting
of both jndiridual and groups of instnlnents. In both
of thesc systems, conplexity and weight was decreased
wh-iLe naintaining a lighting level suitable for night,
flying.

WAR TIME DETE.IOPIIEN?
L9tl2-I945

By 1941, the lessons lcarned in the early days of
1939 and 1940 nere being used to produce better designs
in both aircraft and ilstrumentation. Sme United
States aircraft producers hacl been supplying airplanes
to the AILied Powers since before the war started, and
their pipelines of infotmation enabled them to take ad-
vantage of roany of the improvements developed under con-
bat condi.tions and incorporate thern jlto the aircraft
under cunent production.

lihile the standard irstrunents such as a-ltimeters,
rate of cllnb ildicators, turn and bsnk indicators, air-
sped indicators, etc. remaj.ned essentidly the sa,ne,
minor changes were rnade to facilitatc nass production,
reduce weightl decrease friction or increase reliability.
However, some new instrrlnentation rag developed to j.:n-

prove navigation accuracy. The rnore proroinent of these
are degcribed here:

GVro Stabilized Drift Meter. This i.nproved drift
meter developed W Pioneer Instrunent Co. incorporated a
grro device which stabilized the instrunent and enabled
the pilot or navigator to take accutate readings even
thor.gh the aircraft was not conpletely stable. However,
use of this instrunent was still dependent upon being
able to sight on ground obJects.

furo FIux Gate Compass. This was a naJor lnprove-
ment in direction i-ndicatJag i-nstruments. It operatcd
on the principle of measuremo-nt of the megnetic forccs
of the earth. The forces produced by a coiJ. cutting
thru the tna€netic Lines of force surounding the earth
were amplified and fed into an indicator. These roinute
electrical signals were converted 1n the indicator to
direction signals.

Auto Pilot. Pioneer Instrurnent Co. started produc-
tion on an r'11 electric autopllot systen uslng the flux
gate conpess, a torque arnplifier and an electric turn
and bank indicator. Correctlve signals to the controls
and control operation were also electrical. This wes a
bj g improvenent over the older air-drlven types as it
wag less susceptlble to dirt, moisture, etc., and the
gros could be driven at a much higher speed, thus in-
creasing their accuracy.

True Alrspeed Indicator. Kollsnan Instrurnent Co.
developed a true airspeed indicator which conpensated
mechanically for changes in outside air temperature and
air denslty. This elinlnated the nental corrections
which the pilot had to make using standard airspeed in-
dicators.

Horsepower and B{EP Gage. Kollsnan Instr.ument Co.

(Continued on Pas: 68)


