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THE DORNIER "Do.X" FLYING BOAT (GERMAN)*
A Giant High-Wing Honoplane.

By Claude Dornier.

The Do.X" was built in the workshops of thé Dornier Air-
craft Construction Company at Alteuraein. Its construction
was begun on December 19, 1927. The launching snd the first
trial flight took place on July 12, 1989,,570 days having been
required for its completion. When the preliminary work Was
begun, it had already been decided-that the projected aircraft
must be a flying boat with a central hull. It was first en-
deavored to attain the necessary degree of stability without
resofting to additional floats. This, however, proved impos-—
sible because of the large dimensions of the "Do.X," unless
consideravle disadvantages were accepted. It was finally de-
clded to adopt the stub wings which, for over ten years, have
been successfully used in hundreds of cases (Fig. 1).

The under-water body, in so far as the take-off is con-
cerned, does not materially differ from former types.- The cen-
tral longitudinal step was retained. *-Its rear end, transverse-
1y‘to the direction of flight, is horizontal,-while its front

end is slightly V-shaped. The portions of the hull bottom on

*From "Das Flugschiff Do.X," a lecture before the Wissenschaft-
liche Gesellschaft fur Luftfahrt," in November, 18239.
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each side of the longitudinal step are slightly concave. The
bow is sharply V-shaped, especially in‘fheAportion which 1is
above the water line while taxying on still water.

The wing stubs are strongly rounded downward,-transversely
to the direction of flight, at the poinfs where they meet the
sides of the hull. This novel shape, which had not been con-
templated in the original design, has both static and hydro-
'denamio advantages. The thickness of the stubs at their Troots
is mﬁch greater, thus enabling a greatly increased stiffness
of the.supporting members. During thée take-off an outward imno-
tion is imparted to the water by the concave shape, while with
the old type of construction the water wqs foréed into the
angle betweén the 1owe: surface of each stub and the side of
the hull.

An outstanding feature in the design of the "Do.X" flying
boat is the division of the hull (for the first time in. air-
craft construction), into three separate decks (Fig. 3). The
. upper or so-called "control deck" Qontains the pilot room, the
commnander's room, the engine-control room and thé rooms for
the radio outfit and the auxiliary mqtors. The middle deck is
designed exclusively for passengers. It has a length of 233.5
m (77.1 ft.), 2 height of approximately 3 m (6.56 ft.), and a
maximun width of 3,5 m (11.48 ft.). The bottom deck or hold
contains the fuel, provisions, freight and luggage.

During the investigations required by the design work,
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static problems received ooﬁsiderable atteﬁtion. The idea of

a full cantilever wing was abandoned for the purpose of reduc-
ing its weight as much as possible. The choice of a semicanti-
lever wing was also desirable for structural reasons. The wing
is of a three-spar type with three struts on each side. This
system, used for the first time on the "Do.X," produces excep-
tional rigidity and torsional strength as a result of the pecul-
iar compound effect. It also insures that damage to one of the
struts or spars will not endanger the carrying capacity of the
whole systeﬁ.

It is now a generally recognized fact that the 1ift is
considerably increased by mounting the propellers above the
Win. The possibility of using pusher propellers at the trail-
ing edge of the wing with the engines inside the Wing, received
particular attention. If was concluded, however, that the long
shafts required and the difficulty of installing these shafts
with the propellers at the trailing edge of the wing would re-—
sult in additional loads which would far overbalance the aero-

dynamic advantages of this arrangement.
Structural Details

The wing has a rectangular plan form with slightly rounded
tips. The span is 48 m (157.48 ft.) and the chord 9.5 m
(31.17 ft.). The total wing area, including the ailerons and

the upper wing, is 488.2 m2 (5233.4 sq.ft.). The weight of
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the whole wing system with ailerons, upper wing and struts is
7559 kg (16,665 1b.), giving a mean unit weight of 15.5 kg/m?
(3.2 1b./sq.ft.). With a full ioad of 52,000 kg (114,640 1b.),
the wing complies with the D.V.L. regulations for passenger
transportation now in fofog; The central spar lies approximate-
ly at thé noint of maximum wing thickness. The front and rear
spars are set wide apart. They are both 2.8 m (9.3 ft.) dictant
from the central spar. The distance between the cross memoers
is as high as 3.6 m (11.8 ft.).

The upper wing is not designed to increase the 1ift of the
main wing, its function, statically-oonsidered, being merely
to stiffen the engine bearers. With the exception of a few
steel fittings, the whole wing structure is made of duralumin.
This material was used because it Was impossible to procure,
in time, steel sections of the requisite dimensions. It is
expected that much benefit Will'be.derived from the use of
steel on very large aircraft, since only large dimensions en-
able the use of steel to its fullest advantage.

Figure 3 shows the cross section and a view of part of the
central spar at its junétion point With a strut. The spar
flanges are of pressed duralumin angles and plates, similar to
those used in bridge building, additional plates being provided
as required. At points of lower flange loading, the vertical
webs of the aﬁgles are open-workéd in order'to reduce their

weight. The design of the front and rear spars is similar to
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thaf of the central spar. Af this point it is of interest to
note a condition usually experienced when the dimensions are
inoreaéed, of which the spars afford a particularly good exam-—
ple. This is the fact that, with increasing dimensions of the
structural members, the amount of work required per kilogram
of the finished structure is reduced. This depends chiefly
on tihe number of joints and rivets. While, for the spars of
the "Do.X," we have an average of 2.5 joints per meter, the
corresponding figure for the Dornier "Superwal" is 3.3, and
for the Dornier "Wal," 5.2. There is a similar Telation be-
tween the number of rivets per kilogram of finished spar
weight, which is 9.8 in the "Do.X," 33 in the "Superwai," and
44 in the "Wal." | |

The spar cénstruction, Whioh now seems so simple and nét—
‘ural, cost many months of time, especially becduse a model spéI
had to be built and submitted to exhaustive load tests. Figure
4 shows the test installation, which had to be specially de-
signed and built for this purpose. Considerable foundation
work was Trequired to keep the test installation in place, since
the ultimote load supported by half of the spar was nearly
42,500 kg (93,700 1b.). The usual method of loading the spar
with sandbags or iron ballast wds not feasible. Tanks weTe
therefore secured to the joints and then filled with water;
This method of loading gave good results: The behavior of the

spar within the elastic range was investigated with particular
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cere. The stresses of the different components were determined
by tensiometers. Figure 5 shows control measurements of the
stresses in the structural components of the central spar, as
determined with o Mayhack instrument, kindly loaned by the
D.V.L. (German Experimental Institute for Aviafion), which co-
operated in the tests. Figﬁre 6 shows the measured and the cal-
culafed deflections of the central sparvunder different loads.
‘ The cross members are also chiefly made of pressed sec-
tion metal. It was sometimes necessary to provide frames at
their point of connection with the front spar, in order to
facilitate passage through the wing. The fields created by
the intersection of the three spars with the cross members.ar—
ranged at intervals of frem 2.8 t0 3.6 m (9.2 to 11.8 Tt.)

are covered with bending-resistant panels of fabric and sheet
metzl, which aré called "Wing—skin ﬁanels." The portion of
the~wing behind the rear spar forms an independent panel. The
all-metal leading edge increases the resistance of the front
spar to buckling stresses. The "wing-skin panels" are shown
in Figures 7 and 8. As already mentioned, fhey are partly'
covered with fabrié and partly with sheet metcl. They are
simply and cheaply mede and easily mounted. They are secured
to the main wing by bolt connections completely enclesed 1in
the wing. Although the wing section is relatively not thick,
the spars are so high, on account of the over-all dimensions

of the flying boat, that it is possible'to walk throughout
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necrly the whole wing even in flight.

The oll-metal upper wing is designed to serve as o mutuol
stiffening of the engine bearers. It turned out to be rela-
tively hecvy, since it weighs 18 kg/m® (3.7 1b./sq.ft.). Ve
have doubtless gone toc for in attempting' to reduce possible
deformetions ond vibrations to the minimum. «Tﬁe veight of the\
upper wing ié included in the mean unit weight of 15.5 kg/m?
(3.3 1b./sq.ft.) for the total wing, os previously mentioned,
and affects this mean value‘unfavordbly. Excegsive additional
stresses of the main wing are avoided by flexiblé attachments
cf the portions of the upper wing between the two outer engine
nacelles on each side.to the inner cne of the two.

Sinée this small uppcr wing has aroused considerable int-
erest, the polar of the flying boat is shown in Figure 9. The
light curve A 1s the polar of the flying boat without the
upper wing, power cars ond their supports. It corresponds to
the idezl case in which the engines, being completely enclosed
in the hull or wing, would cause no additional drag by their
cooling systems or propeller mounts. The heavy line B 1is
the polar of the flying boat in its present condition and in
gliding flight. The third dotted line € shows the variastion
of fhe polar of the "Do.X" with propellers running at cruising
speed. The dot-and-dash line D corresponds to the model with
.power cars and supports but without the auxiliary wing. The

surface of the main wing is the datum surface. The auxiliary



wing is found to cause a slight reduction in drag at small
angles of attack, while it considerably increases the 1ift at
large angles of attack. Of course the ideal case of poiar A
can never be attained in practice. | |

The engine nacelles are of framework odnstruction with
streamlined covering. Good access is afforded by large doors
on each side.

Figure 10 1s a side view of the huil. The midship frame
has an area of 17.2 m® (185 sq.ft.) without the stubs. The
frames are placed 0.7 m (2.3 ft.) apart. There are 58 trans-
verse frames in all. The keelson of 33.3 m (76.4 ft.) length
and 2.12 m (6.96 ft.) meximum height, which extends from the
bow to the sterh sten (Fig. 11), is an important innovation.

It greatly inoreases the rigidity of the hull. Two auxiliary
keelscns are provided on each side of the. main kgelson at dis—
tances of 0.9 and 1.58 m (3.95 and 5.18 ft.). Thus an extremely
efficient combined action is obtained in conjunction with the
transverse frames. The unusually strong duralumin plates which
cover the portion of the hull bottoﬁ directly subjected to the.
action of the waves are divided into panels of'approximatély
0.83 m® (6.78 sq.ft.) area by the intersection of the trans-
verse and longitudinal members.

Figure 12 is an oblique front view of the hull during its
construction. Also in the cross members, it was endeavored,

within the admissible weight limits, to use pressed section

°
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metal. 'A few of the frames are shown in Figs. 13-16. In Fig.
17 there are plotted for comparison the total and partial
weights of the hulls of different Dornier flying boats as func-
tions of the corresponding volumes. Tﬁe trend of the curves
is obvious. Attention i1s called to the fact that the weight
of the hull was 29.9 kg/m® (1.87 1b./cu.ft.) for the small
"Libelle" flying boat and 38.2 kg/m® (1.64 1b./cu.ft.) for the
"Wal," while for the "Do.X" it does not exceed 21.0 kg/m3
(1.31 1o./cu.ft.)s Also, the same loading being assumed, the
matérial of the "Do.X" is subjected to much smaller stresses
than that of the smaller.flying boats. In so far as local
stresses are concerned, the conditions of the "Mo.X" are much
moTre Tavorable than those of the smaller flying beats. This 1is
accounted for by the greater thickness of its metal sheets and
sections which are less subject to the danger of local buck-

ling. The hull and the stubs are both divided by bulkheads
into many compartments. The hull has nine walter-tight compart-
ments and each stub has four. The reserve displacement is ex-
ceptionglly large. The displacement of the stubs alone 1is
43,5 13 (1536 cuefts).

The general arrangement of the control surfaces is shown

in Figure 18. The total area of the horizontal tail surfaces
is 53.4 m® (574.8 sq.ft.), wnile thét of the vertical tail sur-

faces is 19 m® (204.5 sq.ft.). All the controls are balanced

by auxiliary surfaces. The distance bpetween the elevator and
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the water-line is 6 m (19.7 ft.). The hull is extended back-
ward for the protection of the rudder against wapter impacts.
fhe control surfaces are operated by traction rods sus-
pended on pendulun levers. All the control rods are mounted
on ball bearings, which insures a remarkably easy operation of
the controls. Trimming devices for balancing both the longi-
tudinal and the transverse moments are clso provided. The trim-
ming is effected by changing the angle of attack of the corre-
sponding balancing surfaces. This requires no mechanical power
and can be accomplished from the pilof‘s seat. Figure 19 shows
the pilot room on the control deck. The two small laterally
disposed hand wheels are used for trimming, while the large
hand wheel operates the water rudder. Normal wheel control has
been adopted. The visibility is excellent.

Particular care was devoted to the power plant (Fig. 20),
which consists of 18 Siemens-—-Jupiter engines with a reduption
gear ratio of 8 + 1. The structural components are unusually
strong. Particularly long and exhaustive tests were required.
One of these tests is illustrated by Figs. 31 and 32, which
show the determination of the stresses set up in an engine
bearer under the combined action of thrust, torque and engine
weight. _

On thé "Do.X" for the first time in the history of flight,
the pilots are relieved of the supervision of the powerAplant.

As in the'past, however, the pilot is given the means of con-
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trolling all the engines, This is achieved by means of two
immediately adjacent levers, which can be operated jointly by

a single grip. Separate operation of the levers enables the
pilot to throttle either the starboard or the port group of
engines separately, which is particularly useful for maneuver-
ing on the water. Ail the engines can be stopped simultaneous-
ly from the pilot's seat. | - ’

The successful mounting of a "free wheel mechanism" between
the propeller and the engine would result in a material increase
of the flight range. Individual engines could then be fully
stopped in cruising flight without Incurring increased drag or
loss of power from~stopped propellers or the idling propellers
rotating the engines. |

Two mean revolution counters (giving the average T.D.ile
of the port and starboard engine groups, respectively) and an
electric annunciator have been added. The latter comprises
twelve simall lamps, one of which lights for each engine stopped.
On the basis df the many flights hitherto made, it appears not
only possible but highly desirable to relieve the pilot com-
pletely of the engine supervision. The starting, distance
supervision, and normal stopping of the éngines are handled
from the control room shown in Fig. 23. The control room is»
connected with the engine nacelles by a passage running through
the main wing. The engines are started by compressed alr pro-

duced by a small compressor driven by a separate gasoline en-
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gine. The Whole.supply of electric-current for the flying boat
is also produced by this compressor.

The fuel system is the result of many years of experience.
Under nqrmal conditions four cylindrical tanks of 3000 liters
(793 geallons) capacity each, and four other tanks of 1000 1li-
ters (364 gallons) each - making a total fuel capacity of
16,000 liters (4237 gallons) - are placed directly on the floor
of the hull. They are all connected with a so-called "collect-
ing pot" from which the fuel .is pumped into two SOO—liter,(79—v
gallon) tanks in the leading edge of the wing. A wind-driven
pump, an electric pump, and an Allweiler hand pump insure maxi—_
mum reliability of fuel supply. From the wing tanks the gaso-
line is delivered to the carburetors by other pumps, the excess
fuel flowing back into the "collecting pot." The fuel supply
is controlled by gauges located on %he control deck. The whole
pipe system is readily accessible during flight. The oil tanks
are located in the wing and have a.total éépacity of 1600 liters
(4&3gﬁimm). |

No material difficulties were encountered in the construc-
tion of the "Do.X," although its greatly increased dimensions
required much new equipment. Figure 24 shows the riveting of
the spars. As a result oflnew construction methods, the wing
was assembled in a comparatively short time. Much time was
spent in making jigs for the construction of the hull frames.

The portion aft of the stern step was built separately from
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the main hull. Figure 35 shows the beginning of the hull con-
struction. The keelson, Which forms the backbone of the whole
structure, was placed on an iron beam and the rear portion of
the hull was then added. Figure 36 shows thé hull shortly be-
fore it was covered. |

The upper wing, with the power cars and their supports and
with 211 thg control rods for the operation of the engines,
which were élso installed, was fully assembled before being
mounted in one pieoe on the main wing (Fig. 37). The actual
assembly of the wing, hull, tail surfaces and power plant, in-
cluding the installation of the pipe lines, required 60 days
(Fig. 28).

The tests began early in fhe morning of July 12: 19239.
Figure 29 shows the flying voat on the truck ready for 1éunch—
ing. In Figure 30 the boat is seen 1in process of launching,
which was accomplished without difficulty. Long taxying tests
on the water were then made.  Figure 31 is a front view of the
boat on the water. .

Figure 32 shows the "Do.X" on the step shortly before tak-
ing off. During attempts to run the boat under full power on
the step,tit took off unexpectedly. Subsequent to this first
unexpected take-off, a few more short leaps were made. The

first flights were made on the following daye.
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Characteristics and Performances

Length of hull 40,05 m
Width of hull -3.,5 "
Height of hull 6.4 "
Wing span ' 48,0 "
Wing choxd | 9.5
Wing area (including |
ailerons and upper 486.2 m?
wing)
Full load o - 52,000 kg
Gasoline capacity 16,000 liters
0il capacity 1,600 "
Estimated maximum speed 2314  kepehe
Estimated cruising speed
at 420 m (1378 ft.) 175 "
altitude

Engines (13) - Siemens-Jupiter 500 hp

131.4 ft.
11.5 "
21.0 "

157.48 "
31,17 !

,233.4  sq.ft.




NeA.C.A. Aircraft Circular No. 109 ) 15

Ccrrected weights (corresponding to Dornier's lecture)

cf constructicn group of "Do.X"

Wing with support 7,559.4 kg 16,665.6 1b:

Tail surfaces "878.2 " 1,936.0 "
Controls cr steering gear 363.5 " 801.4 "
Hull 8,314.0 " '18,329.83 "
Engine nacelles with supports - 1,147.2 " 2,529,1 1"
Ceoating (paint) 350.0 " 771.6 "
Engines 5,131.6 " 11,291,288 "
Exhaust system 39;0 " 86.0 "
Propellers and hubs 1,101.9 " 2,429.3 "
Engine centrels 236.9 " 500.28 "
Gasoline system 1,002.4 " 2,210.0 "
7il system 300.5 ! 863.5 "
Gasoline and e¢il in cenduits 120.0 " 264.6 "
Pewer plant instruments 109.5 " 241.4 "
Flight supervising instruments 6.9 " 15.2 !
Navigatien instrumeﬁts 1.6 " 3.5 "
Miscellaneous instruments 0.4 M 67.0 "
Auxiliary onerating instruments 188,0 " 414.,5 "
Nautical equipment a7¢.7 " 596.8 !

| 27,131.7 50,815.1

Translation by
National Advisory Coummittee
far Aerongutics.
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