The Story ot the Douglas D.C.’s

by LAWTON TINSLEY

A story of how a giant airliner iz designed, built and tested. Beginning with simply an idea, the work is car-
ried through the wind-tunnel tests, o “mock-up” is made and then the design is actually started. Then come

the amsaxing tima of thirtesn hours

ond two mingtes, the Donglos
Transport literally hurbed itself to the
front in the annals of Commerekal Avia-
tion history.

At & rate of speed excellad only by
kighly sensitive speed planes, the ILCLL,
carrying fts designed lond of twelve
pussengers and ower fftecn hubdred
pounds of eargo, established a new
teanseontinental tronaport record and
st o mark for tranaport manalactarera
to shoot at in Lhe years Lo eoime.

That rival manufacturers are not
loaimg any tlme in speeding up their
ahlpe is exemplified by the recent great
change in serndymamic style on all
types of plones, both military and com-
mercinl. The desp  faselage-to-wing-
filleta and the exeaptionally elean areo-
dynamic designs, characteristic of the
Douglas which are coming out om all
the new ahipa, lead one to wonder how
long the present record will stand.

The true top zpeed of the Douglas
Tranaport ie known by wvery few peo-
ple and they refoss to tolk. Under sach
elrcumstaneses it is impossible to make
i mear-accurnte estimote of the erois-
ing speed. However, it is safe to as-
sume that the ghip in much faster than
the pabliahed reports woald lead one to
balieve,

To substantinte this assumption; it is
snid that the ship was not exlended on
thi resord 'I:rll.'kﬂﬂ: run #&nd that when
it §s necessary, the record can be fur-
ther redueed. This tesds to make the
record breaking foture of passenger
planes & ltthe more complicated but o
grent denl more interesting to watch.

Anthomny Fokker, when puorchasing
the rights to manufacture the Doaglas
Transpart in Europe, is credited with
saying that it would ke useless for him
to spend time and meney in an efort
to build a ship capable of favorably
compating with the Dowglas due to the
time element inmvolved in tests and ex-
periments apd the uncertalnty of re-
nialts.

It may be tros that the trensport
startled the world because of ils bre-
mendoas speed, but & study of its de-
velopment from an idea to & Tesord
breaker will prove that it wasn't de-
signed for speed alone,

The “idea,” in the form of = cne-
eleventh seale madel of the transport,
was taken to the 200 mph, tunnel at
the California Institole of Technolopy
where an extenasive series of teaia (ap-
proximately 200 test-runs) wers made.

Every item of the plang sfecting
serodynambs eperation was conaidered
in the wind-tunnel. The investigation
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eovarad tosts om throo complets wings,
wing-to-fuselnge-fllets of whick a num-
bor were teslid Belore the eorrect con-
tour wns determined, and tests om na-
merous combinations of tail surfaces,
atlerons and wing Baps.

Testz of controllability amd stability
were made with different sets of con-
trol surfnces, both fixed and free. This
was probably the firet time that a mod-
el was allowed to demonsirate its sbil-
ity to fly “hamds off,™ The high speed
of the tests and the large scales of the
modal wera involanhle in perfectimg
the finnl areodynamibc design.

A partlcularly intoresting fact is
that some of the early moedels tested
were onstable nnd thak ik was neces-
aary for sntisfnctory stability to incor-
porate o new arrangement of center-of-
gravity, wing sweepback and general
external appearance, The acton] plone
was built pecording to this heretafore
untried plan of arrangement and Its
performance in fight carcied out the
predictions of the wind-tunmpel tests,

Bonething of the wvaloe of these
wind-tummel tests may be  gathered
from the fact that the transpoert B8 sa
clean, arecdynamically speakimg, thot
the total pesistance of the complete
plang is less than twice the resistance
of the wing nlone.

Upon completion of the wind-fonnel
toste & full seale model, salled & “moek-
up,” was hullt to determine the location
and the proportion of all strectural de-
tails. external design or stream-
line form of the mock-up was drawn up
from the resalts of the wind-funnel
tests. The model itself wos mpde with
wooden frames and was covered with
T paper to represent the metal skin
of the neton] plane

The [nterior arranpement of the
ecabin was worked ont to the smallest
detall in the meck-up. The eabin foor
wis installed completely above the

wing, thereby deing away with strue-
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turn]l members within the cabin, The
arrangement of przsenper chairs ploosd
each chair opposite n window, gave
ample beg room, wide apl usobatrocted
alsles and allowed s passenger over
six feet tall to walk erect in the enbin.

HiTerent materials for the interior
cabin trim were tried, including varicus
wall esverings, cortning, floor covering
ardl chair upholstery, until a neat,
lkght, durable nnd easily maintakned
set-up was determined.

After poech consideration, the final
kocation of the lavatory and rear bag-
page comportment allows ope to pasa
through the lavatory o the eenr bag-
gage compartment and inte the tail
portion af the fuselnge where the radio
apparatus |8 located, while the ship 18
in Aight.

A groat denl of effort was put into
the development of the pllets’ compart-
ment. A complets aystem of eomtrols,
{ull size and In working order, was in-
gtalled, The contral handles and levers
wirg placed in o great namber of peei-
tions to determice thelr most practical
arrangement. An instrument ponel was
husile with full senle dummics of the
instruments in place. A satisfactory
gllocation was made after numerons in-
stallations by means of which all re-
lated Instrumentis were grouped fo-
gether.

Light raflaction and instroment baard
lighting were thoropghly investigated.
Mirrors wors firat installed in the mock-
up pilots' compartment in place of
wirlshield gloss. The angles of the
mitrors were varied and thelr refles-
tions noted until a setting was made
which would not reflect light {rom the
inatrament board. A complete lighting
system was then inatalled with setoal
windows in place and the results were
cheched at night. Ground light re-
flectiens were determined and elimi-
nated by moving lghts around the oot-
side of the mock-up. The full scals
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model was eomplote down to inspection
apeniags to all sontrol eables.

In addition to the mock-up, a number
af full seale working sat-ups were hallt
for test purposes. A complele fuel 2ys-
tern was hailt with nll lines and fittings
of actual gize and length. An accurate
mepsuremant of foel flow and sutput
whas then ohtaimed by driving the fuael
pamp with an electrie mator.

The hydraulicretracting mechanism
for the lnnding-gear amd wing-flaps,
complete with exlinders, oil lines sand
eontrols, was reproduced o determise
the arrangement of the component
parts. The hydraulic-brake system was
bullt up complete to the pedals, enabling
an accorats measurement of the all
line pressure at the wheel with variouas

Prezsures,

To aveid the pesaibility of tail-wheal
shimmy, the tail-wheel was mounted
helow u frome carrving a weight box
te which different londs were appliod
and the complete npparatus was towed
hehind a truck at varying speads. From
these experiments the best Lrall and
eaztor dimenzions of the tail-wheel
were determined and shimmy was
allminated. With the lesation and pro-
portion of the stroctural details com-
pleted fram the mock-up, the design for
stractural members of the sctual plares
was bagun,

It was necessary Lo constroct & '“'i“E
baving small unsupperted sarfaces and
with the materia]l so distriboted that
thers would he mo great stress varia-
thom I the component parts, At the
same time, the wing must have megli-
gible torsional deflection and o mini-
mum of wvertical deflestlon, In sslect-
ing tha wing eonstruction for the trans.
port, single, two, three and multi-spar
designs were considered as well as the
shell type snd multi-cellular designs,

The MNeorthrap mualti-cellalar wing
conatruction was finally chosem, dus o
great deal £o its success on the “Alphat
mail earrying model, which has been
operating for several years, each plane
averaging over 5,000 hours in the air
with mo strectoral overhaul reguired.

This type of eomstruction consista of
a flat skin reinforced by numerouns
lomgitedinals and ribs. The combina-
tion of flat skin and foll length siring-
ars takes care of the bending while the
shear laads are carried by three main
wahs, Indirect siress s carried by the
skin with frequent riba preserving the
eontonr of the wing. This combination
of wabs, riba and skin divides the en-
tire wing op ints a number of Emall
rigid boxes or “cells," from which this
type of conatruction derives ita Bame.

The completed wing i3 extremely
light for its strength and rigidity, is
easily constructed mnd kept In repair.
Since the major leads are carried in the
outer surface of the wing, as well as in
the internnl structure, an inspection of
the exterier gives a ready indiestion of
the stroctuoral condition.

The problem in foselage construc-
tion was hasieally the same. The ex-
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The Ryan 3-T Monoplane is a New Departure

{&ea fromd cover drowing)

Bbls slevarlen showing lhe cloas Hidw linew of the new lywn BT monsplans. 0 1 deslgiied for the
o of ths privets Aver,

THE EYAN low-wing monoplane,
knewn as Model 8-T, iz & two-seat-
er intended primarily for the use of the
privale owner and sporteman Byer.

It is highly efficient, the mark of 18
miles per gallen of gasoline in said fo
bo attnined at cruvising speed, & fuoel
consumption rivaled By few antomo-
hiles. It is provided with the Mennsco
Firate sngine as standard squoipment,
installed in the inverted position.
Either the Menasweo BA-05 h.p. engine
or the C4-186 h.p. engine {2 approved
by the Boress of Air Commerss,

The construction of the Ryan S-T
is largely of metal. The foselage §
bailt ap in true monocogue form with
plates of Alelad 17 ST alloy, riveted
a3 sturdily az & tank. The wing spars,

of spruce, are the only weod parts in
the ship. Both the wing and tall are
duralumin stroctures, fabrie covered.

Wing Aaps (air brokes) are standarnd
equipment, and nre snid ta redoee the
normuol landing speed by 10 m.ph. Tab
trimming control, comtrolled from the
cockpit, makes it possible to employ &
fiwed stobilizer, and in addition, the
tabs make more nccorate adjesteent
passible.

Long siroke oleo hydraulic shock-ahb-
porbers are msed om the landing-gear,
which with full airwheels makes Iland-
img =it and feathery, even on rough
grognd. The tail wheel is also pro-
vided with a shock-nhsorber which re-
duees sbresaea on the machine

The “Tilbury Flash" iz Smallest Racing Plane

HE TILEURY FLASH was by

far the smallest racing plane ot
the Cleveland races. So far az aize
goes, it is the realization of the ama-
tear's dreams. However, from n prac-
tical stamdpoint, such extremely small
planes have disadvantages all their
own for the amateur fiyer and are not
recommended for sech purposes, al-
though they may lock “cute.'

Its low moneplans wing ia hardly
more than ten feet in span, with a
lefigth that is less Lhan ke span. Ita
principal deawback (= ils extremely
amall lapding wheels which ecan be
ised only on the smoothest of runways
Diaring ita fMlights, it was pilated by
Clarence MacArthur, shown seated in
cochpit. Me, Tilbury, the constrocter,
is shown standing beside his ereation.
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perience of the Douglar Company in
building metal momocoque fuselages
comblned with that of the Northrop
Company reanited in the present ssmi-
monocoque constraction. Thils construe-
tion consiziz of & smooth stressed skin
in contact with eclosely spaced bulk-
heads and numerous longitudinal string-
era. All parts are securely attached
together leaving the =kin with wery
little unsupporfed area.

Following the aeesptance of the type
of eonstruetion for the plane, the de-
termination of the detailed srrange-
ment and dimensions necesailated ap-
proximately 215 individwen] statie ond
dyramie tests, 100 preliminary tests on
apecimons of strocturnl clements nnd
well over 100 tosts of wing ribs, fittings
and small parta,

A great nambar of desiruction tests
were made on wing attachment joints

ALL
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and the mors fmportant stroctural de-
talls In which these parts were subject-
ed 1o increasing loads until failore was
noted, In this way an accurate chesk
was made on the vltimate strength of
the most Impertant structural eloments
of the =hip,

An oommple of the thorooghness of
these londing tests is shown ia the
wnnlysis of the landing-gear truss. As
this truss is an indeterminate structure,
the loads in the various members were
analyzed by loading & eellulaid madel
having parts made with widths propor-
thomal to the moments of inertia of the
corresponding members of the metual
landing-gear and messuring the de-
flectiona,

The completed lnnding-gpear and tail-
wheel were subjected to drop tesis in
which the zssemblins were lopded with
welght proportional to the weight of
the actual plape under full load and
dropped from different hoights trovel-
ing the entire range from the slight
ahock of & theee-point landing to the
destructive jolt of a erazh landing. The
rugpedness and the phock abeorbing
guaalities of these parts at the present
time are dae to the results obisined in
thie torture chamber.

After more thon eighteen months of
experiment and test, the eonstroction
of the netunl plone wos begun. The fu-
selnge was axsembled on one jig. The
geoeral prosedore consisted of elamp-
ing the bualkheads or framés to their
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respective stations and riveting the
lmgitedinal stringers to the frames
The akin wxs then riveted to both
frames and stringers,

The 1|'|:|1;' wns constrocted in five
major sections: the center-section and
the leading and trailing-edge sections
of hoth port and starbonrd outer wing
panels. The wing-tips and tha motor
nocelie shells complete with firewall in-
Jl1r-l1-1m;.im1. were constructed on ssparate

EFR.

The completed fuselnge and center
wing-aection were removed from their
jigs opon eompletion and nssembled
preparatory toa proof-test. The Aangped
bolt jointa om the onter edges of tha
center-eection, to which the ooter wing
punels are baolted, were securely nte
tached to rigid stesltest jigs with the
fuselnge ncting 8z 8 cantilever beam.
Weight was then applied to all pointa
of load coneentration, namely: the for-
ward mail sompartment, passerpers’
cahim, rear bageape compartment and
the korizontal tail surfaces.

This set-up cloaely approximated the
attitude of the ship in sctusl Aipht and
the affect of weight wpon the structare
saspended betwean the test jigs resem-
bled the alfect that welght would have
upon the completed ship in the alr. The
variation under this siress wos noted,
buot upon removal of the lopd, no per-
manent st or stroin was in evidencs,
The results of this teat showed that the
fuselage possessed strength and rigidity
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to withstand s great overlond with
safety.

In eonjonction with this test, the
torsional strength of the fuselage was
tested by applying the full design
loada to the vertical fin with the fuse-
lage wtill eantilevered from the test
ﬂ“ at the ends of the center wing sec-

o7

A wooden frame was bailt aroond the
vartical fin and connected to a system
of pulleys and weights sp placed ns to
impart a twisting or torsional lond to
the entire rear portion of the fusclage.
Mot only did this test fail to distort the
faselage, but the deflections nercas the
main openlngs, such as doors and win-
dows, were a0 small that even the ¢loss
fitting eabin door could be opened and
closed under full load.

Ta demonstrate the strength of the
engine mount, the entire nacelle strue-
tare was tested by applyving loads with
a hydrailic jack attached to & steel
plate on the engine ring. This test
showed small defleetion under maxi-
maam bond.

To eliminnte all possibility of con-
trol Aotter nt the high speeds obtained
by the transport, all control sarfaces
and their supperting siructures were
vibhrated by means of o specinlly de-
glgned electrically drivem cacillation
machine, The respective frequencies
of the contrel surfaces and their sup-
porting members were determined, en-
abling these parts to be deaignmed far
enouph owt of phase with each other
g0 that flatter was eliminated and
vibration dampensd te a minimuem,

Statio teats wers made on the contrel
parfaces, bath metal and fabric covered
types, by leading them to the maxi-
mum loads expected n Aight as sog-
gested by the results of the wind-tun-
nel tests in conjunction with the new
Department of Commerce regulations
Supperting 40 percent of the ultimate
lopd, each control surfmce was moved
throogh fts entire range to determine
that thers wos no binding dus to ex-
epaive deflection.

The wing Bups or “alr brakes" were
teated to 100 percent load when de-
preased to 80 degrees, although the
maximom lond occurs only when the
flaps are full down.

At the concluzion of the greund
tests, the ship was taken into the air
where every known method of flight
test, including & few new ones invented
for the tests, was osed in an effort to
locmte wenknesses nob dizcovered in the
londing festz. Every maneuver [rom
sereaming power-dives and brutal :H:I“—
outs to hard poreake landings was tried
haot the ship refused to shed itz wings
In the air or fold wp on the ground.

It may ba said that this ship was sab-
jected to more thorough flight tests
than any other known type of passen-
ger transport or even military plane,
Over two hundred fylng hours and
fifteen thoosand gallons of foel were
used in making thesa tests, which re-
gulted in several new conceptions in
flight testing,

After sotisfactorily demonstrating
the structural strength of the ship in
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flight, it was necessary o check tha
design and wind-tunnel dats with math-
emaitical precislon, Longitodinal, later-
al and directional stability were deter-
mined wunder changing eonditions of
load, power-outpot and lift-coefficient
with various wing and control surface
flap positions and changes in cowling.
Quantitalive measarement was made of
controllability and maneuverability with
the three sets of control surfaces until
the correct proportion of comtrol ef-
fectivenean amd control henviness with
proper sercdyramic balance was ob-
talned.

The correct adaptation of ship to en-
pines amd sccesanriea regoired assveral
months to complete, Teszt runs wers
made on five different combinations of
cowling, oil-ecoling and earburetor-nir
intake =ystems. Engines from two mon-
ufacturers amd three types of propeller
blades were usmed in thess tests. The
phject of these flights wns to determing
the performanes which eould he main-
tnined from day to day onder alrline
cperating somditlons and net the peak
parformance nnder (deal test condithons,

Porformanse and controllability wn-
der all conditboms of eneine failure
were studled in Mlght. Bingle-engine
operation was tested with overload and
partially damped fuel lond. The final
single-engine demonstrotion was made
nt Winslow, Arizona, which is at an
altitude of 4,200 fest ahove sea-level,

Ore englee was cot when the plane
had traveled jost half of the take-off
rurway., The plane continned the take-
off, elimbed ever the Continental Divide
and flew to Albsquerque, 240 emiles
away, on the remaining engine. An
altitede of 1,000 feel was maintaleed
above the prowmd which necessitated a
climb to 8300 fert when passing over
the divide. At no time doring this test
waz the engine allowed to exceed its
rated hiorsepower output.

Lording ard take-off tests with and
withont "nir brakes" st different en-
gine speeds were made to establish me-
carate  Inmding  speeds,  londing-rum,
take-off distance, take-off time and the
inftia]l climbing angle,

The reaults obtained from thess test
flighta snakled the Doogles tost staff
to develop oo set of engine curves which
mnde poasible for the Grst time the con-
timanl determination of engine horze-
power whils in flight.

It is interesting to note thot these
angine curves have sinee beem ndopted
ns standard by the engine manaiac-
turers. Cruoizsing spesd charia for the
guidance of bransport pilola ware de-
veloped to eover the entive range of
cruising powers and atmospheric com-

ditions, ehanging the useal copeeption

of the most favornble eruising nltitudes
mnd inercasing the cruising speed nt
constant power by 18 miles-an-hour at
ordinary criizging power.

Abded by neoustical enginesrs from
the Bperry Corporation, the Dooglas
staff then sttneked the problem of
sonnd-proofing the transport with the
result that the ship is &8 quiet and Iree
from wibration as poesible,

The primary soarces of nolze In an
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airplans are the exkanat, propellers, an-
gine chatter and wibration. The first
alep in sound-proofing the transport
was to reduce thess noises as much aa
pessible at their origin. The engines
were mnantsd on speclal rubber inaa-
lators mmd the exhoust nolsss wors -
duced by carrying the exhoust below
the wing, allowing the wing to blanket
Lhe noise away from the eabin. Ench
exhaust stack was desigmed differently
tn pombat resonance, Stress carrying
mmbers, leading from wing and en-
ginea, were desigmed to pass beneath
the cabln to prevent direct teanamizsion
of vibratlon into the passenger com-
partment.

The heating and ventilation systems
were treated with a sound deadening
cement and sound Glters wore provided
at critical poista. All furnlshings of
the cabin were dealgned to contribote
their share to the absorption of sound.
Even the metal hand-rails were stoffed
with sound-proofing material, Thera
was an assorfment of eleven different
sound-proofing materials used in the
final in=tallation, the weight of which
was approximately two hondred pounds,

The thorough sound-proofing of the
Douglas lewered the noizse level from
98 decibels before treatment o &8
diecibels which enables ope o ¢arry on
eonversation in ordinary tones.

The thermastatically conkralled heat-
ing and ventilation system developed in
tha transport provides the eabin with a
complete change of air every sixty see-
onds nnd will maintaln an inside tem-
pernture of TO degress with an outside
nir temperature az low as 80 degrees
helow rere. There are additional eool
mir putlets at each sent so that any
passenger can direct a stream of celd
nit on his face, if ao desived,

Completed, the DUCLL represents over
two vears of axperiment and labor, and
a total expenditure of opproximately
gaeh 000, That the money and time
have bean well spent is made evident
by the fact that the Douglas Company
is swamped with inquicles from all
parts of the world. Incidentally, &
larpe stack of orders hns tricklbed in,

The immediate suceess of the DUGL,
in early test flights, resulted in the
plans for the D.CE. The succeasor of
the D.CL is twenly-two inches longer
in the fuselage, which with small ad-
ditlensl spaee borrowed from the for-
ward and rear cargo compartments,
provides sufficient aecommodation for
Lwn exira passenger chairs, thereby In-
crensing the pPREBETLEET CATEFINg capac-
ity of the transperi te fourtcen persons
and permitting a total payload of over
4,250 pounds to be earried,

With the exception of an additional
two degrees dihedral and lorger area
in the tmil surfaces, the INCE i8 stroe-
tueally tha samae as the DLCT. All the
oulstanding characteristice of per-
formance and comfort of the DLCL are
emhodied in the ILC.2. to an even high-
er degree of perfection, This fleet of
tranzport: iz aplly termed “the hexory
liners of the airways."

END
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