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The Douglas Aircraft Company, Inc. 

The Douglas Aircraft Company has, since 1928, 
occupied the present factory site at Clover Field, Santa 
Monica, California. The plant has been repeatedly enlarged 
and now comprises eight acres of land with 350,000 square 
feet of floor space in buildings and adjoins an excellent 
all paved surface flying field. 

At the present time, the Douglas Company employs 
2500 people at its plant in Santa Monica. In addition to 
the DC transports, a number of two-engined amphibians for 
military and commercial use are being produced. Army ob
servation airplanes in quantity and a great variety of ex
perimental land planes, amphibians and flying boats for the 
United States Government are also under construction. 

The Company has, in the past, produced large quan
tities of advanced training planes, bombers, fighters, pa
trol boa ts and transports in addition to its standard line 
of torpedo and observation planes. The success of these air
planes, IDOst of which have been of metal construction, has 
been evidenced by repeated orders from the United States and 
foreign governments. ·The Douglas general utility amphibion 
originally produced for the commercial field has been adopt
ed as a standard type by the United States Army, Navy and 
Coast Guard • 

. A Douglas subsidiary interest, the Northrop Corp
oration, employing 1000 people, has at the present a factory 
of 140,209 sgµare feet floor space at Los Angeles Municipal 
Airport, where much valuable pioneering in high speed air
plane building is being carried on. The reliability of the 
Northrop all-metal, multi-cellular construction is exempli
fied by the "Alpha" mail carrying m:>del, of which a fleet 
has been operating for several years with running tixoo on 
each airplane aggregating over 5000 hours and no struc.tural 
overhaul as yet required. 
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DEVELOPMENT 

of the 

DOUGLAS TRANSPORT 

Introduction 

After foo.rteen years of continuous, successful 
experience in building airplanes of all types for the 
United States .Army, Navy, Post Office Department and Coast 
Guard and for private persons and foreign governments, the 
Douglas Aircraft Company started plans for the design and 
development of a high performance passenger airplane for 
airline use. Profiting by extensive experience in the de
sign and production of aircraft, the Company decided to 
make an extremely thorough investigation of all factors, 
however minor, that might affect performance and passen-
ger comfort. Before construction was started, hundreds of 
wind tunnel and structural tests were made in addition to 
an intensive mock-up investigation and studies and tests 
of special items, such as fuel systems, control mechanisms, 
heating, lighting and ventilating systems and sound control. 
When the ~arious parts of the airplane were ready, they were 
each tested to show their static strength and freedom from 
vibration or flutter. · 

The finished airplane was, in all probability, 
subjected to more thorough flight tests than any other known 
type of passenger transport or even military airplane. Over 
two hundred flying hours and fifteen thousand gallons of fu
el were used in making these flight tests. Not only were 
the usual tests for speed, stability and general performance 
made but also tests subjecting the airplane to dynamic loads 
in flight to prove its structural strength, to determine the 
best soundproofing practical, to eliminate vi bra ti on and to 
determine the effect of certain variables, such as different 
engine cowls, fairings, oil temperature regulators, propel
lers, wing and control surface naps, engine cooling and pow
er. In cqnjwiction with these tests, several entirely new 
conceptions in flight testing were put into practice and a 
new technique for airline cruising operation was developed. 



The development cost of the first airplane, includ
ing all research directly connected with the project, was ap
proximately $325,000. In addition, the airplane incorporates 
a great amount of the experience obtained during airline oper
ation of the highly successful single-engined Northrop trans
ports, which represent an engineering and development cost of 
approximately $290,000. 

It is desired to outline briefly in the following 
pages some of the work done in the development of the Douglas , 
DC-1 and its successor, the DC-2. Tests are still being car
ried on daily, both on the ground and in flight, to improve 
and refine this airplane and make it a still more superior 
product, both from a manufacturing and an operating viewpoint. 
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T2AN~POET r1.1seLAGE: AS.SEMBL Y JIGS. IT ,e>EQUl.l?E'S 
7E£N MINUrEs TO R£/v!OV£ THE COMPL...£'T£ 
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TH£ TRANSPO/::?T C£N,T£,'2 VVING PANEL 
3TRUCTED IN TWO SE'CrlONS, TH£ FE'ON7 ON£ 
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A P<::U,!/?TION o,i:- THE IA//N6 DEPARrMENT AT r'HE D0U6LA.S FACTORY. 
/N THE LEF r FOR£ GROUN.0 /.S .,4N CN6/N£" NACE'L L.. £: -4.S.SCMSL Y 
✓/G AM&> IN ,He R/Gh'r rl:>RcG.efeUND vl/G.S roR A.S.SeMBL y Or lA//Nd 
rRA/L./N6 E.06€ .S£Cr/O/VS. aEH'//Y&> TNE..5£ A J/6 FOR ASSEMB.t. Y Or 
CE/Y re:,e W/N6 PANE'LS W/TH Ot/"TE"R W/N6 PANEL.. ✓/6..S AT Elr#EE 5/DE. 

ANOTHE.e VIEW IN THe" WING OEPA2TMe'NT. IN THE F0/i?EGR0UNO /.S 
THE WING SPAR AS.5EMBLY DEPAR!'T/1,,?ENT. Nore: THE:' AUTOMATIC 
/:?IVET/M6 MACHINE AT r!·{E" LEFT. .THE OUT£".€ WING PANEL 
J/6 SHOWN IN THE. BACJ<GR0<..l.l'JO IS u.seo r'0,e A7TACHIN6 TI-/E: 
7RAILIN6 EOOE S£CTION, All..£:R0N HINGE:5> AND WIN6 ATr.ACH-
MENT P.eOFIL£..5. 
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THE FIRST DC-Z T'RANSPORT ON THC FINAL A.S.S£M8L Y LINE 



Aerodynamic Development 

The aerodynamic design of the Douglas Transport 
was the subject of exhaustive study for a period of more 
than eighteen months. This study included aerodynamic cal
culations and wind tunnel and flight tests, which were car
ried out in a scientific and comprehensive manner. Through 
the correlation of these calculations and data, it was poss
ible to predict and analyze the actual aerodynamic charac
teristics which were later obtained in service. The high 
degree of performance end safety offered by the Transport 
is the realization of features that have been thoroughly 
studied and tested in the wind tunnel and in flight. 

The aerodynamic calcµlations were particularly 
concerned with performance and control at all attitudes of 
flight, both in normal and single-engine operating condi
tions. .Special design of the controls, wing and fairing 
makes possible continued single-engine operation at high 
altitudes with sufficient controllability to insure safety 
for meeting emergency conditions. The pe.rformance studies 
for obtaining the desired velocity, range and climb led to 
the choice of the bi-motor type with controllable-pitch 
propellers and high-lift wing flaps being adopted as best 
meeting the requirements of the high-performance airliner. 
The flaps give a gain in lift of 35% and a drag increase 
of 300%. 

An extensive series of wind tunnel tests, includ
ing approximately 200 test runs, were carried out on a one
eleventh scale model of the Transport in the 200 mile-an
hour wind tunnel at the California Institute of Technology. 
The large scale of the model and high speed of the tests 
·were particularly valuable for this work. All items of the 
airplane affecting aerodynamic operation were tested with 
the view not only of obtaining the desired performance, sta
bility and controllability, but also ~ perfectiI:g eac1:- item 
to the greatest practical degree. Briefly, the investiga~ion 
included tests on three complete wings with various modifica
tions various wing to fuselage fillets, tail surfaces, land
ing g~ars and tail wheels, several sets of ailerons, 
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ONE £/...£VENTH ..SCAI-£ /v10D£L OF TH£ DOUGLAS 
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M0OEL MOUNTED IN WIND TUNNEL F0IZ TE..Sr 
WITH AUXIL/A,eY -JN/NG se=.rJ¥eEN FUSELAGE ANO 
NACELLE:..S 



of normal and special types, six arrangements of high-lift 
wing flap devioes, and other special arrangements. Tests 
on controllability and stability were made with controls 
both fixed and free. The lift and drag of the. final mod
el were ·tested at various Reynolds numbers in order to in
dicate the trend in passing to full-scale. The wind tunnel 
tests resulted in the final erodynamic design providing an 
increased degree of performance with satisfactory stability 
and ample controllability ·for all normal and emergency con
ditions of flight. 

It is interesting to note that some of the early 
models tested in the wind tunnel showed instability and that 
the tests revealed that it was necessary for satisfactory 
stability to have a hitherto untried arrangement of center 
of gravity, wing sweepback and general configuration. The 
actual airplane was built in accordance with this new plan 
of arrangement· and the stability in flight proved to be ex
actly as pred'icted. If the wind tunnel tests had not been 
made, it is very possible that the airplane would have been 
unstable because ordinary investigation had indicated that 
the original arrangement was satisfactory. 

The actual measured flight test results showed an 
excellent agreement with predicted performance in all phases 
and fully justified the extensive aerodynamic study and wind 
tunnel investigation. These flight data have further been 
used to modify aerodynamic features that indicated possible 
improvement, so that the final aerodynamic characteristics 
of the Douglas Transport are extremely satisfactory and very 
advanced for a transport airplane. In fact, the total re
sistanceof the complete airplane is less than twice the re
sistance of the wing alone. 



THIS> PH0700UAP~ rAk'E'N Ol/,1:?/NO TE.Sr FLIGh'TS> .SHOVV.S THE 
DOORS WHICH COVE2t::O rHE. VVHl:Et-. OPEN/NG.S IN THE' 
NACtrLJ..£.S WHE'N rHe GEAR JVAS IN "TH£ Re:rRAcrED POS/-

7"/0N. SINCE THE /e€DUCTIOIV /.IV DRAO O.E"R/1/ED ~HOM T"He.5£ 
WAS NEvL/G/BLE THEY WEI?!£ O/..SCAR0£'0. 
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VleW OP- TAIL WHE'El.. FAIR/IV(:} WHICN WAS EXTENSIVELY re.sre-o 
BUT DI.SCA,eDt:0 8ECAV..5E t .r..:S 2£".0UCTIO/'v IN O.li?A6 PROVE.C, 
ro BE VEil!Y ..SMALL- ANO Ir WAS UNDES/RA'31..£. FRO/'v? rHII!!:. 
srANOPOINr OP MAINTE/VANC£. 



,HE DC-/ COMPL£T£'. NO'TE THE AEROOYNA.A-'VCAL.LY CLEAN £>ES/ON 



VIEW ...5HOWING THE WING ;:.-L'AP AIR -BRA1<£'S 
IN TH£ ''UP4 AND '~ULL DOJA/N"' PO'..S/ rlON'5. 



Mock-up and General Arrangement 

After the wind tunnel tests had indicated the best 
aerodynamic arrangement of the component parts of the air
plane, a mook-up or model in full size was made to determine 
the best location and p.roportions of' all structural details. 
This mock-up was made with wooden frames and covered with 
heavy paper to simulate the metal sheet covering. All frames 
were made in the exact sizes and locations of those in the ac
tual airplane . 

A complete floor was installed and various seating 
arranger~nts were tried in order to determine the combination 
that would give maximum roominess and comfort. The final ar
rangement was so worked out that it placed each passenger chair 
opposite a w-indow, gave ample leg room, wide and unobstructed 
aisles and allowed a passenger over six feet tall to walk erect 
in the cabin. 

The cabin floor was installed completely above the 
wing so that there would be no structural manbers whatever in 
the cabin. It will be noticed that the level of the passen
ger windows is considerably higher in relation to the low wing 
than in most airplanes, thus allowing excellent vision o.nd, as 
the wing has a very pronounced taper, passenger vision downward 
is improved still more. 

Numerous different designs of passenger chairs of 
wood with tubular steel frames were tried and finally replaced 
by an aluminum alloy structure of the best model, which was so 
designed that the angle of inclination of the entire seat could 
be changed in addition to having the back adjustable for sleep
ing. It was also made reversible so that passengers could face 
forward or rearward, as desired. A safety belt adjustment was 
provided in the chair frame and the entire phair assembly was 
then mounted in rubber to absorb vibration. 

Various arrangements of the lavatory and baggage com
partments were tried in order to use the space available most 
economically and still have them conveniently accessible. The 
final arrangement was worked out with doors and all component 
parts so located that one could conveniently pass through the 



IN re1210,e VIEW ·o~ THE DOVGLA5 
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lavatory to the rear baggage compartment and on into the 
tail portion of the fuselage while in flight. 

In a similar manner, a number of arrangements 
were tried for the door in the -front of the cabin and that 
of the forward cargo and mail compartment, the resulting 
arrangement allowing a spacious section for stowing mail 
bags yet leaving an ample sized passageway from the cabin 
to the pilots' ·c<:>mpartment. ._, · 

Different materials for the interior cabin trim 
were tried in the mock-up, including various wall cover
ings, curtains, floor covering and chair upholstery, until 
a light, neat appearing, durable and easily maintained ar
rangement was determined. This resulted in the cabin walls 
and flooring being washable and entire panels quickly remov
able and replaceable. After a number of experiments and ar
rangements for individual reading lights for each passenger 
chair, an installation was developed whereby a beam of light 
was so directed to. each chair as not to disturb any other 
passenger. 

A great deal of effort was put into the development 
of the pilots' compartment and many weeks were .spent in try
ing every possible arrangement of the various items. A com
plete control system with wooden members made to exact size 
and in wo:rking order was installed with strings in place of 
cables. Every lever, knob and handle, even such minor ones 
as the remote control handle for the radio and the auxiliary 
heat control for the cabin were actually installed in a count
less variety of positions to determine the most practical ar
rangement. The brake controls and hydraulic mechanism, in
cluding dunnn.y cylinders as well as oil i1nes were included to 
insure that they were located in the most efficient manner. 

. An instrument board was installed with full scale 
dummies of the instruments in place. After nwoorous instru
ment installations were tried, a satisfactory placing was de
termined whereby all related instruments were grouped togeth
er with all the ele-ctrical instruments on one portion of the 
panel so that they could be removed without disturbing the 
rest of the board. 

An elaborate investigation of light reflection and 
instrument board lighting for night flying was made. At 
first, mirrors were installed in the mock-up of the pilots' 
compartment in place of the windshield glass panels and the 
reflections noted when angles and locations of the various 
mirrors were varied. After a satisfactory arrangement, which 



INS rRU/\4£N r B0A2O WITH A uroMA r1c PILOT I/\/.S'7l4LL£D AS t./.5£1) 
Ol/£1/NG TEST FLIGHTS OF T/-1£: reAN.SPO,€T. TH£ TH/12O /NSTRV
Ml!:NT ;::-,eoM TH£ LEFT IS AN AIRSPEED /NDICAro.e CAL/-
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would not reflect the light from the instrtnnent board, was 
determined, a complete lighting system was installed with 
actual windows in place and this was checked at night to 
show the effect of interior lights in the cockpit. All , poss
ible reflections from ground lights were determined and elim
inated by moving lights around the outside of the mock-up. 

Even inspection openings to all the control cables 
were located to determine best access for assembly, adjust
ment, inspection and replacement. Every possible location 
for the various cables was tried before it was finally de
termined to have them under the floor of the cabin where the 
quickly removable center panels expose the entire system for 
inspection or repair. 

The pilot's seat was a subject of considerable ex
perimentation before an arrangement was finally determined 
whereby there would be arm rests on both seats and it would 
be easy to get in and out without having to straddle the con
trol column. In the final arrangement, one arm of each pi
lot's chair folds out of the way but is quickly locked into 
position once the pilot is seated. The problem of the con
trol column resulted in a wheel type control mounted on a "U" 
frame, thereby giving dual control with no interference what
ever in the cockpit. 

In addition to the mock-up, a number of model set
ups were made for test purposes. A complete brake system was 
built up with cylinders, oil lines, handles, rudder pedals 
and all component parts and the oil line pressure at the wheel 
was then measured with the various pedal forces and · positions. · 
Similarly, a complete hydraulic retracting system for the land
ing gear and wing flaps was reproduced and tested to determine 
the most efficient arrangement. A complete fuel system was 
reproduced with all lines of actual -size and length and all 
valves and controls installed. Then, by driving the fuel pump 
with an electric motor, fuel output and flow was very accurate
ly measured. 

Tests were made to determine the best trail and cast
er dimensions of the tail _wheel to avoid any possibility of 
tail wheel shimmy. In these tests, an adjustable wheel mech
anism was mounted below a special frame _ to which varying loads 
could be applied, and was towed behind a truck at various speeds. 



TE.:5T .SET UP F"0/2 LANDING GEA,e HYO.€?AUL/C .SY.STE"M 

FUEL ..SYSTEM T£ST. IN THIS TEST ALL TU8/NG WAS THE SAME 
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A T/ON OF LA.NO/NG GEA.€ 
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Structural Development 

The studies of aerodynamics and general arrange
ment showed the desirability of having the engine nacelles 
well ahead of the wing leading edge. It was also found 
desirable to house the retractable landing gear within the 
nacelles. Sweeping back the outer part of the wing otter
ed the advantages of getting the landing gear well forward 
of the center of gravity and having the center of gravity 
come well forward on the wing for stability. With these 
points in mind and recognizing the fact that the size and 
performance desired for this machine presented an entirely 
new problem, an exhaustive study of the various possible 
types of construction was made. 

In developing a structure having the maximum 
strength and rigidity with a minimum of weight, it is pref
erable to design a wing with the material so distributed 
that there is no great variation in the stresses in the 
various parts. Such variation is apt to be caused by rig
idly attaching very thin members, such as the skin, to very 
heavy members, such as spars or beams with heavy stresses, 
if very thorough and careful investigation of the distribu
tion of loads, deflections, local stresses, etc., is not 
made. At the same time, the wing must havs little or no 
torsional deflection, a minimum of vertical deflection, and 
no excessively large unsupported flat metal surfaces. 

A first investigation showed that most metal wings 
1 were· merely an adaptation of wooden designs in other materi
al. However, the characteristics of wood and metal are quite 

' different and, therefore, the design principles of one do not 
apply to the other. In a metal wing, having a thin skin rig
idly attached to a heavy spar, sudden changes in cross sec
tion are apt to cause very objectionable stress concentra
tions. If precisely the proper proportions of material are 
not made, or if the designs of the various attachments are 
not exactly correct, there are apt to be cracks in the skin 
8Jld popping of rivet heads due to the deflecting spars pul
ling against the skin. 

In the Douglas and Northrop types of multi-cellu
lar wing construction, there are a multiplicity of full 
length span-wise stiffeners, and the fact that they have no 



abrupt changes or "breaks" results in no concentration of 
stresses. With the centroids of the stiffeners located 
at the maximwn distances from the neutral axis of the sec
tion, a most efficient structure for absorbing the bending 
load is obtained. 

In a highly stressed airplane, torsional rigid
ity of the wing is of paramount importance in the preven
tion of wing flutter at high speeds and torsional deflec
tion of the structure must therefore be kept to an abso
lute minimum. When under load, there will always be soIIB 
vertical deflection but this must not be excessive since 
a wing with large vertical deflections might cause jam
ming of aileron controls and by no means inspires confi
dence in the passengers or pilots. 

If ~supported flat metal surfaces are even mod
erately large, there is always a tendency for the middle 
of the surface to vibrate in flight even when there is no 
stress. This is termed "oil canning" and will, in time, 
cause fatigue in the sheet metal and in the rivets and 
cause rivet heads to v.ork and to pop off. These unsup
ported flat surfaces continually drum and cause a noise 
that cannot be completely eliminated in a cabin because 
part is caITied as vibration through the structure. Even 
when on the ground with the engines running, this "oil 
can° action and drunnning is apparent. "Oil oan" action 
should be differentiated from wrinkling in the skin. Wrink
ling of the skin will be present in every metal wing with a 
flat metal covering talcing stre_ss. These wrinkles are de
flections of the skin under load and ordinarily do not have 
any tendency to vibrate. 

In determining the wing construction of the Doug
las Transport, single, two, three and multi spar designs 
were considered as well as shell type and multi-cellular 
designs. 

After a th·orough investigation of all types, 
the NorthrQp multi-cellular wing construction was finally 
decided upon. This type of structure consists of a flat 
skin reinforced by numerous longitudinals and · ribs. The 
bending is taken by the combination of fiat skin and full 
length stringers. Three main flat sheets or webs carry the 
shear loads and torsion an.d indirect stress are carried by 
the skin with frequent ribs preserving the contour and di
viding the structure up into a number of snall rigid box
es or cells. Since the major loads are carried in the out
er surface of the wing as well as in the internal structure, 



an inspection of the exterior gives a ready indication of 
the structural condition. The unit stresses in the mater
ial are low and therefore the deflections are at a minimum 
giving a maximum in rigidity. This construction has prov:
en to be a happy medium of those considered since it com
bines practically all ·or the advantages of each; namely, 
very small unsupported areas, extreme lightness for its 
strength and rigidity, also ease of construation, inspec
tion, maintenance and repair. The Northrop wing being 
comparatively small, it is economical to have many of the 
stringers run from the top to the bottom of the wing as 
shear webs or spars. However, when the principle is car
ried out on a larger scale, as in the Douglas Transport 
with its deeper wing, it is more efficient to have only 
three shear webs or spars. Thus it was not necessary to 
evolve a new type of structure but merely to adapt a time
proven type to the dimensions of' the Douglas Transport. 

In the fuselage, the structural problem was bas
ically the same. However, the Douglas Company had had ex
tensive experience in building metal monocoque fuselages. 
This experience, combined with that of the Northrop Company, 
resulted in the present fuselage construction. This con
struction consists of a smooth, stressed skin in contact 
with closely spaced ovrer-strength bulkheads and nwnerous 
longitudinal stringers (either flanged members or extruded 
angles) as a rigid part of the skin passing through the 
bulkheads, thus all parts are securely attached together 
and the skin has very small unsupported areas. 

The coast to coast airline, Transcontinental and 
Western Air, Inc., which has been using a fleet of North
rop mail planes in daily service with notable satisfaction, 
advised on the design of the Douglas Transport from an op
erator's viewpoint. The airline encouraged this type or 
wing, fuselage and tail construction principally because 
their actual ex~erience of many thousands of flying hours 
in hard service with the Northrop mail planes showed that 
the maintenance costs of this type of construction are neg
ligible. 



THE FUSELAG~ sreucTURE /..:S CALL..£0 ':SEMI-MO/VO
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Structural Tests 

After the type of construction was decided upon 
the detailed arrangements and dimensions had to be worked 
out. This involved approximately 215 individual static 
and dynamic tests, approximately 100 preliminary tests on 
specimens of structural elements and well over 100 tests 
of wing ribs, fittings and various small parts in addition 
to the countless number of tests previously made by both 
the Northrop and Douglas Comp:lnies in their development of 
metal airplane structures for the United States Army and 
Navy, and civil use. 

As a result of the preliminary tests on combina
tions.of sheet covering and stiffeners, a structural ar
rangement giving a high unit strength with ease of attach
ment to wing ribs or fuselage frames was determined. By a 
judicious placing and construction of bulkheads and frames 
in the wing and fuselage, this shell type structure has 
very low unit stresses with small flexural deflections and 
is extremely rigid torsionally. 

How well this was achieved is a matter of record 
on an N.A.-C.A. velocity-acceleration (V-G) recorder and on 
motion picture records which were taken in flight through a 
35 mm motion picture camera. This camera, with a built-in 
cross hair for use as a horizontal reference line, was set 
up in the cabin and focused on two vertical scales mounted 
on the wing tip. In addition, a 16 mm motion picture camera 
was mounted in the cabin and sighted on the top surface or 
the outer and center wing panels and a United States Navy 
type visual accelerometer was installed in the pilots' cock
pit. The recorded pictures showed that with a measured ac
celeration of 3.25 times gravity {thus producing a load on 
the airplane equal to 3.25 times its gross weight or about 
30 tons) the vertical deflection of the wing tip was four
tenths of an inch less than the computed deflection. Less 
than three-tenths of an inch difference between front and 
rear scale readings was recorded, showing that even with 
the large sweepback and overhanging engine the torsional 
deflection of the wing was negligible, being only half of 
one degree. This indicated a very rigid connection between 



the wing an d fuselage and a very satisfactory structure in 
spite of the fact that _the :ruel tanks occupy a large part 
of the inner section of the wing. Although the entire air
plane was loaded by this high acceleration no permanent de
flections or indications of minor weaknesses -were evident. 

Furthermore, the wing was vibrated torsionally 
on the ground with the vibrating force applied at various 
pqints by means of a specially designed electrically driv
en oscillation machine. These tests showed the wing to 
have an extremely high natural frequency in torsion again 
indicating a very high torsional rigidity. In addition, 
all control surfaces and systems and their supporting struc- _ 
tures were vibrated to determine their natural frequencies 
in order to be sure that no condition conducive t> flutter 
existed. The structure was so designed that all support-
ing members were far enough out of phase with the surfaces 
they carry that flutter could not develop at the high speeds 
which are attained by this airplane. The structures inves
tigated include the elevator control system, stabilizer {in 
bending), elevator torque tube, rudder control systems, rud
der (in torsion), vertical stabilizer {in bending), fuselage 
(in side bend, vertical bending and torsion), aileron control 
system and the wing {in bending and torsion). 

Besides these, static tests were made on the con
trol surfaces, both fabric and metal covered types, by load
ing them to the maximwn loads expected in flight as based on 
the wind tunnel tests and the new Departroont of Commerce reg
ulations. When 40% of the ultimate load was applied, each 
control surface was moved through its entire range to ascer
tain that there was no binding due to excessive deflections. 
The wing flaps were tested to 100% load when deflected to 30 
degrees although the wind tunnel tests indicated tbat this 
maximwn load occurs only when the flaps are full down. This 
latter test was undertaken to ascertain the ability or· the 
flap control to carry the maximum possible loads throughout 
a considerable range of flap travel. 

The fuselage and center wing panel were proof test
ed together by supporting the outer ends of the center wing 
panel on rigid steel jigs with the fuselage acting as a can
tilever beam. Load was then applied at all points of weight 
concentration in the mail compartment, passengers' oabin, 
rear baggage compartment and on the horizontal tail surfaces. 
This test took ten men more than twelve hours to complete and 
all portions of the fuselage were demonstrated to have suffic
ient strength and rigidity before the design was accepted. 
The torsional strength of the fuselage was tested by applying 
the full design loads to the vertical stabilizer with the air
plane cantilevered from jigs at the ends of the center wing 
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panel. This test showed the deflections across the main 
openings, such as doors and windows, to be so small that 
even the close fitting cabin door could be opened and 
closed under full load. 

In order to demonstrate the adequate strength 
of the monocoque structure supporting the engine mount, 
the entire nacelle structure was proof tested on the 
ground by applying loads with a hydraulic jack attached 
to a plate on the engine ring. This test showed small 
deflections under maximum_ load, with no set whatever in 
the structure. Further, the cutout for the landing gear 
wheel had less than one-thirty-second of an inch deflec
tion under 60% of the full breaking load and showed no 
permanent set whatever. 

The ruggedness and shook absorbing qualities of 
this type of construction were demonstrated by repeatedly 
driving a tractor over a test wing without crushing or im
pairing the strength of the wing. 

The landing gear chassis was subjected to exten
sive dyna...~io testing in order to prove its strength and 
shock absorbing qualities. The tail wheel unit was also 
tested dynarnioally both for the shook absorbing strut and 
tire and its efficiency has been highly developed by the 
collaboration of the Bendix and Douglas companies. 

In addition, all typical joints, component parts, 
completed units and final assemblies were tested to prove 
their strength and safety. A variety of tests are still 
being made from day to day to simplify design and improve 
the airplane from a standpoint of manufacturing and main
tenance. 
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Soundproofing and Elimination of Vibration 

Realizing the complexity of the problem of sound
proofing and vibration, the Douglas Company determined to 
add to its own e:xperience and development everything that 
would aid in making the Transport as quiet and free from 
vibration as possible. The Sperry Corporation was engaged 
for research work because of its extensive experience along 
the line of these problems. Engineers from the Sperry Corp
oration were consulted while the airplane was still in the 
design stage so that their recormnendations could be incorpor
ated in the structure. 

As the primary sources of noise in an airplane are 
the exhaust, propellers, engine clatter and vibration, the 
first step in soundproofing of the Douglas Transport was to 
reduce each of these noises as much as possible at its ori
gin, to prevent vibration of cabin walls and panels, to seal 
the cabin so that sound entering it would be at an absolute 
minimum, to abS'orb all sounds that might enter the cabin, 
and to make such a pitch (frequency) distribution as to ren
der it agreeable to the human ear. 

An acoustical engineer of the Sperry Corporation 
accompanied the Douglas Transport on its first test flights, 
which were made before the upholstering or soundproofing had 
been installed in the airplane. A canplete analysis was then 
r:10.de of the frequencies (pitch), and of the sounds at various . 
points iI; the cabin while flying at various speeds. Under 
these conditions, at cruising speed, the average noise level 
was about the same as that in an open cockpit airplane and 
conversation was only possible by shouting. By studying the 
data thus obtained, it was possible to det erraine the best 
means of soundproofing the cabin. An assortnent of eleven 
different soundproofing materials were used in the final in
stall ation. Each material was chosen after a thorough study 
had been made of its properties and the. materials were then 
judiciously placed in the airplane so as to be the most ef
f ective without causing excessive weight. Stiff materials 
v:ere eliminated as they reflect sounds back into the cabin 
very re ad ily. Coarse art sacking or other soft deadening 
naterials, such as are sometimes used, were eliminated be
cause they are poor a boo rbers of low frequency sounds ( al
t hough they are efficient for high frequencies) and because 



they are not easily washable. The material selected for 
t he i nterio r cabin finish is washable, pain table, light 
in weight and has a high coefficient of sound absorption 
over the low frequency end of the range o_f the noises en
coun tered. Behind the cabin finish special compressed 
Kapok fiber sheets were placed to absorb the high frequen
cy sounds. A sound deadening bulkhead 2-1/2 inches thick 
was built up to separate the forward mail and baggage com
p&rtment from the cabin. The effectiveness of this bulk
head is appreciated on opening the door leading through 
the bulkhead into the pilots' and mail compartments. With 
the door closed, the cabin is 12 to 14 decibels quieter 
than the pilots' compartment. To prevent noises from en
tering the cabin through the ventilating or heating sys
tems, the interior walls of the ventilators and the intake 
ducts were treated with a special sound deadening cement 
and sound· filters were provided at critical points. At 
all points where the cabin encounters members of the fuse
lage structure, flexible felt or rubber spacers that have 
a high damping effect were used for insulation. In the 
cabin all fittings and furniture were designed so that 
each piece would contribute its part to the absorption of 
sound. The passenger chairs were mounted on rubber sup
ports and the metal hand rail on each wall was stuffed 
with soundproofing material. 

Further, the engines were mounted flexibly on 
special rubber insulators, exhaust noises were reduced by 
carrying the exhaust below the wing with the wing blanket
ing the noise away from the cabin. Each exhaust stack was 
designed to a different· shape and diameter to prevent ~s
onance effects. Stress carrying members leading from the 
wings and engines were prohibited from entering the cabin 
in order to prevent direct transmission of vibration. 

The airplane was then flown with all soundproof
ing and upholstering installed and analyses were again 
made of the sound and frequency distribution in the cabin. 
A number of minor adjustments were then made until the 
noise level and distribution were satisfactory. 

Noise level is measured by a scale of decibels 
ranging from dead silence at zero decibels to a painful 
roar, such as a wide open aircraft engine on the ground, 
equivalent to 120 decibels. On this scale, noise inside 
the Transport fuselage before soundproofing was begun, 
mounted to 98 decibels. After completion, the noise lev
el was reduced to 72 decibels at 185 m.p.h. Comparisons 
made with soIT~ airplanes cruising at 90 m.p.h. and having 
a noise level of 66 to 68 decibels, have shown that at this 



speed the Douglas Transport would have a noise level of 60 
decibels or less. Thus it was for the first time in aero
nautics and perhaps in any moving vehicle that the princi
ple of balanced acousti ·cs has been successfully tried with 
the results that this airplane is not only the most quiet 
airplane flying but also has a noise spectrum which seems 
to be less fatiguing to passengers. 
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Heating and Ventilating 

To further insure passenger comfort under 
all conditions, a very ti1orough study of the heating 
and ventilating system was made. In developing the 
heating system, it was resolved to eliminte every 
possibility of gases entering the ventilating system 
and after considerable experimentation a satisfactory 
steam heating system was evolved. 

This system provides the cabin with a com
plete change of air every sixty seconds and will main-
·tain a temperature of 70 degrees with an outside air 
temperature as low as 30 degrees below zero. Further, 
there are additional cool air inlets adjacent to each 
seat so that each passenger can direct a stream of cold 
air in his face, if desired. The entire heating sys
tem is thermostatically controlled. 

Because of the excellent ventilation and the 
absence of noise and vibration, air sickness in the Doug
las Transport is practically unknown. 



Flight Testing _ 

The flight testing of the Douglas Transport ini
tiated a new conception and precision into flight methods 
and technique. With the high degree of accuracy of the de
sign data and the elaborate care and precision of the wind 
tunnel tests, it was vital that the flight tests do more 
than merely measure perfon:nance by the old methods. It 
was necessary to check the design and wind tunnel data quan
titatively and with mathematical exactness. Another object 
of the flight test program was to determine the cruising 
performance of the airplane under airline operating condi
tions. 

The thoroughness with which these flight tests 
were conducted is exemplified in the fact that approximate
ly 200 test flights were made, requiring over eight months 
to complete and using over fifteen thousand gallons of fuel. 

These tests included quantitative determination 
of stability (longitudinal, lateral and directional) under 
varying conditions of load, power output and lift coeffic
ient and with various wing and control surface flap posi
tions and changes in cowling and wing arrangement to check 
the wind tunnel stability determination. Also quantitative 
measurement was made of controllability and maneuverability 
with the three sets of control surfaces until the correct 
proportion of contr.ol effectiveness and control heaviness 
with proper aerodynamic balance was obtained. 

Tests for loading the structure in the air were 
made, in which pull-outs were recorded on velocity-acceler
ation (V-G) and visual accelerometer instruments. This da
ta was then correlated with deflections recorded by tele
photo motion picture cameras. 

The power plant development part of the flight 
testing occupied several months in the effort to obtain 
exactly the right installation and adaptation of airplane 
to engines and accessories, such as oil radiators, steam 
heating plants, vacuum system, hydraulic and electrical sys
tems. Flight tests were run for five different combinations 
of cowling, oil cooling and carburetor air intake systems. 
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Landing and takeoff tests with and without flaps 
and with varying powers were made to establish accurate 
landing speeds, takeoff distance, landing run, takeoff run, 
takeoff time and initial climbing angle. These were all 
carefully checked and correlated through motion picture 
records. 

The automatic pilot installation was developed 
with the designer from the Sperry Gyroscope Corporation in 
constant attendance and many cross-country flights were 
made until the finaJ. development was pronounced to be the 
most successful automatic pilot installation to date. 

The landing gear has received unusual develop
ment to obtain excellent ground handling properties with 

· high taxiing speeds and ease of maneuverability, quick 
retraction and extension of the gear with fool-proof warn
ing and locking mechanisms. 

On one of the first test flights, a landing was 
made with the landing gear fully retracted. As the wheels 
are well forward of the center of gravity and projeot 
sligb. tly below the nacelle structure and the axles re st in 
rigidly supported sookets and full brake control is avail-
able, no damage was incurred other than that to the propel
ler tips. In fact, after installing new propellers, the 
airplane was flown away. 



Tests were run for two-engine and single-engine flight with 
engines from two manufacturers and testswere also run with 
three different designs of propeller blades. 

In the actual performance determination many of 
the hitherto neglected variables and uncertainties of flight 
testing were eliminated and there was kept clearly in mind 
from the first the object of determining, not the peak per
formance under ideal test conditions, but that performance 
which could be maintained from day to day under airline oper
ating conditions. In order to perform such a flight test, 
it was necessary to define cruising in terms of allowable 
engine operation and allowable airplane operation and then 
to map the entire field of cruising power required, altitude 
and atmospheric temperature, engine revolutions, super-charg
er pressure and true velocity. This was all done in flight. 

The Douglas Company test staff developed a set of 
engine curves which made possible for the first time the con
tinual determination of engine horsepower while in flight. 
These aurves have since been adopted as standard by the en
gine manufacturers. To check further the power output dur
ing flight, a propeller calibration was made in , flight for 
each engine-propeller combination. 

Cruising speed charts for guidance of transport 
pilots were developed to cover the entire range of cruising 
powers and atmospheric conditions. The ·conception of opti
mum cruising altitudes was developed which increased the 
cruising speed at constant power by 18 m.p.h. at ordinary 
cruising power (63%). A great number of cross-country 
flights were made to confirm the accuracy of the cruising 
speeds developed. 

Emergency operations were exhaustively studied in 
flight to determine perforillance and controllability under 
all conditions of engine failure. Single-engine operation 
was tested with over-load and partially dumped fuel load, 
including single-engined takoff from airports at altitudes 
up to 5,000 feet and in flight up to and above 12,000 feet. 
The final single~engined demonstration was made by cutting 
one engine when the airplane had traversed just half of the 
takeoff runway on a field 4,200 feet above sea level. The 
airplane continued the takeoff, climbed over the continen
tal divide and flew to the next regular airport 240 miles 
away on the remaining engine. An altitude of 1,000 feet 
above the ground was attained shortly after the takeoff and 
maintained throughout the flight, which necessitated climb
ing to 8,300 feet when passing over the peak of the divide, 
which is ?,300 feet above sea level. At no time during this 
test was the operating engine allowed to exceed its rated 
horsepower output. 
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Conolusion 

It is gratifying to note that the ti:rm:t and expense 
of a~l the preliminary aerodynamic, wind tunnel, mock-up and 
design studies were more than justified by the results ob
tained. The performance, stability characteristics and wing 
deflections, as determined in flight, conformed almost exact
ly with the predicted results. In fact, no major changes 
were necessary in the arrangement or the various parts of the 
airplane. Similarly, other wind tunnel predictions were prov-
en in flight to be accurate. · 

The superior strength and rigidity of the Douglas 
multi-cellular wing and all-metal :t"u.selage oonstruction has 
been proven in both static and dynamic tests as well as in 
service to more than justify the time and expense of the thor
ough investigation made of the structure. There is no doubt 
left regarding the strength and reliability of any part. 

From·the viewpoint of passenger and pilot comfort, 
the mock-up, soundproofing, heating and ventilating investi
gations have more than proven their value as shown in the 
quietness and comfort of this multi-engined transport. 

To add further to the completeness and excellence 
or this airplane, carefully worked out maintenance aids have 
been so constructed and mounted as to provide for servicing 
and replacement with a minimum of time and expense. In- fact, 
the complete power plant section, including the engine, pro
peller, oil tank and all cowling, may be completely removed 
in sev·en teen minutes. 

In general, this airplane is the product of a 
- painstaking study of all the problems concerned· and a thor
ough and methodical investigation of every possible solution, 
combined with the extensive experience of the Douglas Company 
in producing a great quantity of experimental and production 
airplanes. The Douglas Transport takes the air fourfold in 
supremacy - in comfort, performance, safety and service - the 
luxury liner of the airways. 
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