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UATIONAL ADVISORY CORIITTEE FOR AERONAUTICS.
TECHWICAL MEMORANDUL KO. 378.

RECENT LE LOPII:‘T IN THE CONSTRUCTION AND
OPERATION OF ALL-NETAL AIRPLANES.*

By €. Dornier.

Four vears ﬁave elapsed since I had the honor of delivering
an addréss in this hall on the occasion.of the tenth regular
session of the W. G L. (Wissenschaftliche Cesellschaft U
Luftfahrt). At that time I had *to restrict myself to giving you
a short review of what we had accomplished in the gonstructioh

o< all-metal seaplanes during the period 1914-1921. I called

R

vour atiention to the fact that the basic materials for all our
airplanes were sheets of auraluW1n and of steel. They were
rade proof against buckling by giving them the proper shapes.
Welding was avoided on principle. All highly stressed parts
were madc of stecl, while duralumin was principally uscd for
subordinate and shaping parts.

The fundamental principles then in force have becn retaincd
by us up to the present day. The tendency 1o use stecl wher-
ever possible is morec pronounced today than cver beforec. Heow
pogsibilitics have béeh opened up by the rustfproof steels rec-

ently put on the market. Waturally there was everywhere an cn-—

* nYeuere Erfahrungen im Bau und Betrieh von Met ?1f1u@zeugen,‘
a lecture delivered before the W. G. L..in bcpta” 1925. ,
From the Year Book of the ¥. G- L. for 1325, Fo. 13 of "Berickhte
und Abhandlungen der %W. G. L.," Ha

y, 1926, a suppleoment to
"Zeitschrifst fur Flugtechnik und Hotorluf+so}iffahrt.“
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deavor to simplify and cheapen the construction, and many re-
finements of shape were sacrificed.

Systematic experiments were continued with all new steels
and Jight alloys. Although a few of these (4ludur, Lautal and

Aeron), in the course of time, got into the same class with dur-

alumin as regerds breaking strength, elongation and workability,

our expcriments have thus far demonstrated that duralumin of

. German, Inglish or Italian origin hes not yet been equaled fox

weather res ance. The latest results, however, admit tlhe
hope that the endeavors put forth by the firms in question will
succced pefore long in overtaking duralumin cven in the matter
of weath@r,resistance.

Experinents on the cffect of the a2tmosphere Aand of sea

- . . . -

water on the btuilding materials employed by us have been carried
on for yoars in the North Sea with the aid of the Hamburg Neval
Coservatory. Parallel experiments are being made at the Pisa

.

Naval Obscrvatory in the Mediterranean Sca. Metal sheets, scoc—
. 2

‘tions, assomblies and experimental floats are being exposcd to

the action of the elements.
Fig. 1 shows one of these experimental bodies. It was

rade of duralumin and aludur. Horeover, foT the sake of tes

+ o
b o
the effect of refining the rivebts, rows of rivets, both refined

and not refined, were prepared. The reciprocal action between
gural or aludur and steel was tested on several steel fittings

attached to sheets of light metal by iron rivets.
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Tho riost important results were as follows: The aludur

section on the boittom of +the float wos almost entirely ecatoen off,

leaving only & few vestiges near the rivet heads. This scction
was securcd with refined riveis, which were thcmsolvos.proscrvcd
in very zood condition, no hamful eifect from bké corroded
aludur scction being epparent. The dural, sectwon fastencd to
the botiorn of the float with unrefined rivets POhld baroly bc
saved, a2z &)l the rivets had boen eaten off. Except for 2
slight film, the dural scction was very well preserved, although
the protecting coat of aluminum bronte had scaled off. Onc cad
wall wes nade of aludur. This was corroded so badly as t0 |
leave large hélos in the sheet netal. The remaining portions
broke off undcr the slightest finger pressure. Three tension
tests of the roucins =mave 2 mean breaking strength of only
5 kg/mr? (7112 1b./sq.in.)  without any elongotion. The dural-
urzin wells of tﬂb float wefe intact. A slight corrosion showed
only on thc corners wherc the protecting coat had scaled off.
The hecds of the unrcfined durcl rivets were 21l eaten off,
yhilc thc'rofincd'rivets gere 211 in perfcct condition.

The steel strips hed & thin layer of rust. No harmful ef-
feét‘ g noticeable between the. stecl ahd light metal. This
is only cnother confirmation of what we estavblished more thon
ten  years ogo, that stecl aﬁd duralumin can be used together

without hesitation. It was also found that alloyed stcel
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withstands corrosion better thar ordinary carbon -steel. Accord-

ing to our obsecrvutions, both kinds of steel are of equal value

as regards their behavior toward duralunin. o
Fig. 2 chows & duralumin shcet covered with barnaclcs and

gmall nussels. Tho removal of tae déposits Trom a poriion of
+the sheet snowed that it was entirely intact.

LbLg use of the seaplanesalvays show thgt smooth dural
shects are scorcely attacked (unlcss there arc flaws from roll-
ing) 2nd, with proper oare,lwill last for years. The portions
of the duralumin which have been heated several times for easier
working @re, however, rapidly corroded. For this reason we
avoid, in the construction of seaplanes, all metnods which re- o
quire thermal treatment. - )

"In summing up, we rmay say, as the rcsult of over ten yearst
observations, that netal airplanés, if the walls are not too
thin and only duralumin and steel are uscd, will, with proper
care, remain in usable condition for many years, even under
very unfavorable climatic conditions. The expression "proper
care" should be underlined, as this is often lacking. Conscien-
tious care is, however, indispensable, especially as there is
yet no entirely satisfactory protecting paint.. ’

The wing structure of the seaplanes made by us in recent

vears 1s, in general, the same as described in my last lecture

on "Metal Seaplanes." We employ both the so-called Tfull-
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supporting" construction rethod and the "combination method" in
which thc sheet-metal covering simpnly replaces the diagonal brac-
ing and wmetal wings with fabric covering. Fig. 3 shows an ocxam-

ple of the combination mcethod, a half-opcned wing of the type

Do. B (Koaet III).

In 1921, I stated thot in 1917-18 we were the first 1o build
an airplane having a wing of light metal with a smooth support-

ing outer covering. This was a cantilever gingle—seat pursuit
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biplane of the ig. 9. Sincec the wing
with a supperting covering has recently assumed rcnewed impor=
tance in tocknical circles, I takc the 1ibefty of showing you
in Fig. 4 o cross section of this first historical wing.
epeccial attontion is called to the stiffening of the skin by
means of the spccial shape shown in the photograph, which is
now found in exactly the same form in nearly all the wings
with a smooth supporting oufer overlnj. whether built in Ger-
many or elsevhere. Without this shape, as developed by us, it
is impossible io apply the covering in a practical manner for
supﬁorting, since the riveted angles or ordinary U-sections
are, in effect, much inferior to the U-flange shapes and add
to0 much weight. I still hold the opinion I expressed in 1921
that the wing with a supporting outer covering is not the only
solution. The study of the shapes of wings of large dimensions

"

has strongthened my conviction that the use of thc supporting

Ay
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covering hes its limits.

Horeover, the expfession "full-supporiing oufcr covering"
may give a wrong impression regarding the utilization of the
saterial. It is not possible, without an excessive use of
stiffenings, combined with t:me~robbing and expensive riveting;
o make +the sheet-metal covering vield more than 60% of its
available shtrength for supporting, as regards pressure stresses,
which are of decisive importance.

Fis. 5 chows the approximate tension distribution in a

-

piece of supporting covering with special stiffening sections.

42}

The supporting strength of the shcet metal decreases as the dis-
tance from the stiffening members increases. It is probably
manifest, without further explanation that, if only anglc or

the U-flange

h

srdirary U-secticons were riveted on, instead ©

ijons, the utilization of the material would be ¢till poorer,

[¥p]
ot

eC

1

since the effect of the angle sections cover a consideravly ner-

- ‘

roweT zone than the special Dornier sections.
A certain fallacy regarding the ecdnomy of the full-

supporting construction method" is based on the above-mentloned

Y

acts. It is also a fact that all sheet-metal wings with sup-
vorting outer coverings, whether made by us or others, are
heavier than the wings made by the combination method or with
fabric covering. This holds good especially for increasing'

wing dimensions, for which reason we have employved the full-
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supporting ccnstruction method only for relatively small spanse.

fher it is decired tc desipa @ wing with a given safety fac-
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sivle weight, then the endeaver

to so consivuct the static superstructure that there will.be

e srmallest possible number of parts {but nighly stresscd)
7111 doubtless vield the best results. It is much easier to
apoly o force of 20.% once, than one of 2 t ten times. The
greater the siress, the greater the cross scction rust be. The

sreater the crces section, the greater the utilization of the
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The tinc =zt my digposal is too short for rme to dwell much
1onger'*n(the Sfructure of the wing. I cennot, however, rc-
frain from discussing briefly once of the most important prob-
leme which here come under consideration, mamcly, the effect of
the aspect ratic on the wcightvof‘the wing. There is still an
astonishingly widespread-ignorarce of the essential factors
for the ottaimment of favorable aspect ratios. People entiusc
over the large values of cas/ow? which they cen attain with
a large aepcct ratio, but overlcok the static consequcncoé of
‘an eoxirene asvect ratlo and proovably also thcn.forget to ccn-
ht in the performance equ&tlon is likewise
in +the third power. It can be easlly G ﬂOﬁStruth that any

incrense in the-aspect ratic A above 1:6 1s not accompani ied

A



N.4.0¢4. Technical Memorandur No. 378 8

by any increcse in the ceiling. According to our experience,
the best aspect ratio for o monoplane lies below AN = 1:6.
Dr. Vogt, now in Japan, tcsted, at my suggestion, the effect of

the agpect ratio on the ceiling and published his results under

. P 11 .
unctire Sceitenverhaltness" in No.

(06]

of the
"Zeijschrift flr Flugtechnik und Notorluftschiffanhrt" for 1935.
Intirely apart from aerodynamik considerations, there is a
surely siatic reguirement, which restricts the aspect ratio of
cantilever wings, namely, the limitation-of the def tion of
the wing. Experience shows that the ratio s of the overhang

to the height of the gpar cannot exceed a certaln figure with-
out weakening the wing too much. For rectangular wings with an
approximately unifom ?rofile, we found that s sheuld not ex-
ceed-17 for steel, nor 15 for curalumin. If these figurcs are
exceeded, the flanges must be made disproportionately heavy, in
order 5o hold the deformation within allowable limits.

e bring this aspect ratio s of the spar (as determined
by the reguirements of a reasonable welght and}restrioted iefor-
smtion within certain limits) inmto relation with the agpect ratlo

&

© = t/h of the wing section or profile (% = chord, h = maxi-
icimess of profile). 17 we also introduce the aspoct ratio
A= b/t of the ving (by lefting A represent b and t and dis-
xegaraing the decrease in the overhang due to the cabane oT

the root of ihe wing) we obtain s = 91/2.

T
We then hove ©A/2 = 17 or less for steel and 15 or less for



N.A.CvA- Technical Memorandur No. 378 9

duralumin. For various values of o we thus obtain the maximum

values of A glven in

Table I
@ 4 5 6 8 10
: Steel 8.5 6.8 5.7 4.3 3.4
A
Dural 7.5 6.0 5.0 3.8 3.0
Sincec o profile with ¢ = 5 must already be regarded as a

very thick on¢ and profile with © =8 can hardly be ucged for
swift airplanes, it is obvious that the limits of A arec very
narrow for cantilever structures. Our conclusions regarding

+the value of ¢ have recently becn confirmed by American experi-

ments with models ("The Comparison of Well-Known and New Wing

Sections Tested in the Variable-Density Wind Tunnel," by G. T.
o 2

Wiggin Lahgley terorial Aeronautical Laboratory). Of course

CQ

1S
the ratics ciange irmediately when the wings are braced, as is
now generally done. Then the relations between ¢ and A\ hold
zood for only the overhanging portion and i% is posesible 10
reach, with relatively -thin orofiles, a A of 6 or norc with
statically rcasonable ratios. The same also holds true for bi-
planes with struts and, %o some degree, for a wing with o trapc-
zoidal plan.

The occurrence of resonance phCﬁomeLu has caused a scerics

of accidents within the lest few yvears. I will describe & casc
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of‘resonance whichn caused us much racking of the brain and which
may bte of ceneral interest. The airplane Falke (Figs. 8-7),
which was tried out in every wey in Switzerland and in Anerlvu,
suffered 2n accideat in an exhibition flight in Madrid in 1833,
which took vlace as follows: |

In fuvll-speed horizontal flight with throitle wide-open, a
fluttering was suddenly noticed, followed by the bending of a
‘wing tip from about the beginning of tﬁe aileron. The piloet
brought the airplane into gliding flight, but could not regain
horizontal flight, so that the airplane wa.s seriously damaged

that he

p.:

and the oilot suffered a bioken’arm. The pilot state
sudderly felt extremely violent vibrations, so that he feared
the engine would tear itself loose from its fastenings. He did
not notice the upwafd ben&ing of the wing tip. An cxamination

o

of the wing, which was badly demaged in landing, afiorded no
;clue to the cause of the accident. The airplane had becn built
according to the working drawings for the carlier type. The
safety factor, 11.5, met the reguirements for pursuit airplanes
of its class, as established by the "Direzione Superiore Gel
Genio e delle Costruzioni Acronautiche" in Rome. Although every
one was convinced that the safety factor was high enough, it was
decided %o raise it to 12.5. After several trial flights With

the strengthened wings, the same phencmena suddenly reappeared.

This time the wing tip bent in-a steep left curve. The pilot

O

immediately shut off the gas and landed in a sweampyfield, with a
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simple capsizing, but without much damage to the airplane. The

pilot vas not injured.

“Thile in the fTirst accident, every one was cntircly ignor-
ant of the cause, this time both the pilot and nHersons on the
ground saw that the wing vi ibrations or,; ted in the allcrons.

3ut why did not these phenomena occur in Americat Tnis guestion
brought the sclution. The only dgifference betwecen the American
!
type and the ncw type wes that the ailerons were covercd with
fobric in America, while in the new typeé they were all-met2l.
The weights of the two kinds of ailerons were as 1 ¢ 3. Aftcer
the all-metol ailerons wers replacgd by cloth-covered oncs,
~there vas no, further trouble.

~

he gheet-metal fuselage first built by vs in 1917, with a

[67]
3
a3
O
O
ch
e
¥
[63]
&
(e}
O
o]
L.g
ct
,._Io
3
0
~
@]
<|
[¢)
b4
}‘J
=
(6{8]
£
]
)

sinple bulkheads or transverse

frames, is still built without ¢ change and has found numerous im-

itators both-at home and abroad. MT. Weyl, in last year's regu-

1aT meeting (of the W. G. L. ) at Brewmen, showed how much . pro-
L v o oo . PR

tection such fuselages offer in forced landings.

ng
I will give another example. I+ has to do with & very
severe Erash, os +the result of a forced landing caused by insuf—
ficienf radiator cooling, mhlch would 01d1nar11y have resulted
digastrougly. As shown in Fig. 8, both the cabin and the pilott's

seat remcined intact. No one was hurt.

I will now give you & brief review of the development of
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cur londing geors, with the aid of a few illustrations: Fig. 9
shows the landing gear of the pursult airplane Do. D I, built in
. This airplone hoas 2lready been referred $o in corncction

8
with the wings. The shock absorbers and axle were norrmal, while

ihe streamlined struts of +he landing gear were rigldly

.‘
o)

to the shect-metal fuselage. Taere werc no bracse-wires. The
ljanding gear of the Falke type was first made in 1923 and hos
not becn chnnged. The continuous axle ie nissing. The shock

absorbers orc located inside-the fuselage. While the landing

scar of the Do. D I type was relatively difficult to exchange,
thot of the Folke type can De cxchanged with the great cast case.

/

Its resistance to the air \drag) ig reduced to the minimurm.

This landing gear has operated successfull even in decidedls
o ’.

hard landings.
Fig. 10 shows the landing gear of & commercial airplane of

thé Konet II type, which lLas served asiébe model for a series
of foreign iandiﬁg cears. The axle is located bgtween two
strearlined outriggers and damped DY ord Qary rubber shock ab-
sérbers. The low position of the center of grovity, - in conjuac—
tion with tre shape of the fuselage, makes capsizing impossible. -
Fig. 11 shoﬁs the forn of landing gear enoloyed at thg
present tize on & COmMAETICH ial airplane, built.in Germany, oi the

). This form is not so elegant as the pre-

-l

type Do. B. (Komet II

and can ve exchanged quicker. Fig. 13
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shows the londing gear and fusclage of & grall training airplanc.
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I =ill now give you & dbrief review of the airplanes procuced

by us during the last few ycars. The pursuit airplane Falkc has

nlready been mentioned. This type was first cguipped with

for4
v

ispano-Suiza engines of varicus origins. /ith a ioad of 300 kg

.4 1b.) the speed with an Italian H.-S. engine vas 353 km/h

(661
§156.6 mi./nr.), while with an Anmcrican H.-3. engine and 2 load
3

veen reached. TWith a B.M.W. IVa engine, results have been re-
cently obtained, which are quite remarxable, considering that
the experiments were made with a 192% cell. ith a load of 310
.

kz (683 1b.), the airplane climbed from O to 5000 n (18400 ft.)

.
3
-

3

14.5 ninutes, according to the official announcenent. The
wing has a reotangqlar shape with an aspect ratio of only 1 * 5.
It has now been put on the market as a pursuit scaplane. One of
this type, the "Seefalke," is cquipped with a B.M.W. IVa engine.
The type Do. B'(Fig.'13), also called Komet, is well knowm
to most of us, since it is used in Gemman air traffic. It rep-
resents & further developnent of the Komet II type. It can.nqw
be equipped, in Gemany, only with engines no% oxceedihg 360 HP.

By

For the lack of & suitable German engine, the English engine
Rolls Royce Eagle IX is now used. ,

The tyﬁc Do. ¢ {Fig. 14), built abroad, is 2 so-called
nghree-purpose" airplane. Equipped with engines of 400-600 HP.,

it can be employed for long-distance reconnoitering, bomb-drop-
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svortation of military loads (trcops
including fuel, is 1500-3000 kg
the eagine. The botton ©

the tran

‘ping and

The maximum 1oad,

etc,).
4409 1b.) according to the power of
.e and landing zear are so constructed that bombs
ased

the fuselag
up to 1000 kg (2205 1b.) can be readily atteched and releas a.
two fixed and two coupled re-

The regular armament consists
ig related to

volving machine guns.
The seaplane Do. D (Fig. 15;, built aoroad,
at sea and for

+no Do. C and can be used for recornoitering

dropping torpedoes. The shaping of the floats was no easy matter.
ig. 186 shows front and redr views. At a recent official contest

this seaplane alone was able to meet the

the Japanese Navy
two or three

of
very severe reguirements
he type Do. E (Fig. 17), is a seaplane with
seats, which is equipped with engines of 380-500 HP; and can
be built in Cermany. The armamcnt 1s the same as

likewlsc notw
for the type Dc. C.

Fig. 18 1Cp*eseﬂts a furthér development of the commecrcial

i 21, the pilot's

plane "Delphin" which I first discussed in
seanlane was recently equipped 7ith

This

1owercd;
for which the normal load is 800 kg

seat being
the B.M.%. IV engine,
he "Wal" .type, about which I shall have

seaplane holds a series O

(1764 1b. ).
ennowvned for its

I now come %o

somewhat more to say, because thi
world records and has become internationally-
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superior scavorthiness. The "Wal" has been built since 1919
with only slight modifications. The first one was equipped with
two Mavybach cngines. Subsequently thc 300 HP. Hispano-Suiza, the

400 HP. Liverty nud especially, the 380 HP. R.-R. Eagle IX were

used. Recently it has also becn equipped with the Napier Lion

ot
¥
=

and the Bristol Jupil engines. It is an especial advantage

of this type that the whole power plant is arranged nearly sym-
netrical to the center of gravity, so that the latter is not
shifted by the installation of heavier engines. Its safety fac-
tor with engines up to 300 HP. is 5 ! 1. For engines of over
300 HP., the wings are given a safety factor of 6. The "2

is built abroad, both as a militdry and s a ooﬁmeroial séaplane.

Fig. 19 shows it as a military seaplane.

Characteristics of the two-enginc boat seaplanc "Dornicr-Walt
with two Rolls-Royce Zaglc cengines.
Span 22.5 n 73.82 ft.

Chord 4.3 " 14.11 "

Wing area 97.0 m®  1044.10 sq.ft.
Length 17.35 n 56.59 ft.
Height 47.00 " 1.54.20 "
Aacepect ratio 5.24



Wing with struts and allerons
Hull writh stubs end fittings

Tail group and controls

Total

Wormal load 3000 kg

laxinum " 2800

Attaineda " 3100 "
. . \ v bl
Normal wing loading 56 kg/r?2
Maxirum " " 64

¥ormal load ver HR.

Maxinum " " i 2.8 "

ecchnicol enoranéun Ho. 373 -

with housing, oil cooler

16

1515 kg  3340.00 lb.
840 "  1410.96
1100 " 2425.08 "
175 " 385.81 "
3430 "  7561.85 "

4409 1b.

6173 "

6834

(11.47 1b./sq.ft.)

(13.11 "

(18.96 "

Consumption of Fuel and 01l

With throttle wide open 171

At cruising speed
(155 k1=96.3 ni./br.) 135 '

xg/h (377 1b./hr.)

(298 "

)

7.5 kg/HP. (16.53 1b./HP.)

)

Flight Performances
At normal lood of |With 2-380 HP. With 2-420 HP.| With 3-450 HP.
2000 kg(4409 1b.)|R-R Eagle IX Lorraine- Navier Lion
Dietrich ‘ :

Speed 185 k1 (115 193 kr: (120 200 ¥ (124

: rii.)/h ni.)/h ni.)/h
Climb 0-1000 m 7 minutes 6 minutes 5 minutes
¢1limb 1000-2000 m; 11- i 9 " v "
Ceiling = 3700 n 3900 ' 4500 n

(12138 ft.)

(12795 ft.)

(14764 ft.)
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vicrld Reccrds of the Wal with R-R Eagle Engincs

February, 1935.- Twenty werld records (including cightecen
not vet autheonticated by the F.A.I.). The fcllowing records
rere nodac ﬁith a uscful load cf 3000 kg (4409 1b.):
Altitude 102% obové old record;

3
Speed 56% 0 " "

Distance - 154% " " "

Y.etacentric Altitudes

Length netacentrum 1,F = 25.85 m (84.81 f%.)
letacentric altitude ;G = 24.42 " (8C.13 " )
Tidth metacentrun UF = 7.92 " (25.98 ")
letacentric altitude AG = 6.49 " (21.29 ' )

" Static loments of Stabiiity

5° inclination = 2.10 mt
10° " = 2,60 "
15 n = 4,25 0

2]

Fig. 20 shows a commercial Wal, thc characteristics of
which arc given in Table II. It is worthy of especial note
that the excellent clinbing ablllty and speed of this seaplane
are conbined with an aspect ratio cf 5.2 and a slender wing

scction @ = 13. lote also the exceptlc 1211y high ratio of thc

maximun useful load to the dead load. For the seaplanes used on
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the Amundsen polar cxpedition,: it was ncerly 100%. It is nor-
mally 85-75%, valuc§ which, so.far as we know,'have never bcen

.

attained by rulti-engine seaplancs having an equal safety factor.

The ull is eyoeot¢ona1 strong, notwithstanding its rela-

tively small weight. The ones used by Captain Armundsen took
off fron snow and ico{‘heavily loaded and under very unfavorable
conditions.

Mr. Amundsen will soon report on nis exﬁedition and I cannot
anticipate him in publishing his experiences. I will, however,
cite one instance, which demonstrates the strength of the mull.
The seaplane No. 25 had to be brought out of the water on to a
Dlace prepared for taking off. It taxied on £o the ice with
its own power. The ice then broke under the welght of the sea-
plane. While the stubs still glided on tke ice, the body of
the hull acted as an jce-breaker and pushed its way through ice
about four inches tblck for several hundred vards beforec it
came to icc strong cnough to support it. The kull then ralged
itgelf out of the water and contimued its way on the ice.

I had the privilege of viewing the seaplane in Norway after
its rcturn. In order to produce the deformations found on the
lower portions of thc side walls, there must have been in places
an ice pressurc of at least 30,000 kg/m? (6144.5 1b./sq.ft.).
Nevertheless the hull remeined perfectly water-tight.

After the compromise (which the Wal, as well as every otner

aircraft, represents), tahe factors which yielded such favorable
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results are, in my opinion, as follows:

1. Emall wing loading with low landing Speed.andeOnse—
quent small stresses and a short take-off, hence great seaworth-
iness and good climbing ability.

Zf lLarge broad hull, resulting in small pressure per unit
area of the vottom, small submergence, easy starting and plenty
of room in' the hull. |

3. 4n aSpegt ratio of 1 ! 5.3, signifyihg favorable
weight relations and the possibility of employing a good ving
profile suited for high speed, a small span and a high safety
factor.

4. Tondem arrangement of the engines, the simplest and best
for inspecﬁibn. Fig. 21 shows the condensed power plant of the
Wal with two R.-R. Eagle IX cngincs.

Fig. 22 shows the attaching of thc whecls which can tec ac-
complished by two ren. It is only necessary to insert the axle
iy the hole in the stub and then secure the wheel with 2 pin,
to prevent its coming off. |

Yost hangars outside of Germany are made t00 narrow, SO
that the Wal is offen run on to a small special transporting
truck which enables it to be hauied sidewise (Fig. 23).

A two-engine land airplanc of the tvpe Do. N is being built
abroad, with the tandom arrangement of the engines above thc.
wing, which 1is characteristic-of the Wal. The dimensions 9f

this cirolene are larger than those of the Wal. The lower
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limit of %he engines is 500 HP. It has a new kind of landing

sear. Unfortunztely, I can give no further data concerning

09

this airplane. I montion it only for the sake of completeness.

On thc assumpition that it is of general intercst to have
reliable data on the weight relations of wmetal airplanes, Fig.
24 gives the weights of the various airplane parts of cight |
Dornier airplanes in percentages of the dead load (structural
weight) plotted against the dead load. The diagram coﬁpares.
airplanes with dead loads of 400-7000kg (882-154%8 1b.). The
weight is divided into four groups: power plant, wing stric-
ture, fuselage and tail group. The diagram covers the most. di-
vergent types of land airplanes and seaplanes, military commer-
cial and giant airplanes. The fuselage weight includes the
weight of the landing gear and tail skid and of the stubs on
boat seaélanes or "flying boats." The tall group comprises all
the stecering apparatus, including that in the pilot‘s_coékpit;
etc. On commercial airplanes the welght of the cabin fiftings
is omitted for the sake of fairer cdmparisons. In considering
the éurves,'it should be remembered that they deal in part with
airplanes of very different wing loadings and loads per horse-
POVICT..

A1l the weights werc carciully detornined both by accurate
weighing of the separatc parts and of the completed airplane.
Only in thec case of the Do. N, a few of the vartial weights

wore determined from the drawings, because this type ig not now
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equivped with the B.1.%. VI, obut with a more powerful forecign

engine. Thesc weights do not aeviate, however, more than 3%
f;om the reality. |

The veight of the marine type R III No. 1431 was determined
by the Tormer Seaplanc Exveriment Sguad (gVK). This type has
long veen obsoleﬁe and was included only to cnable certain con-

clusions recgarding the weight relations for a considerablc in-

j$M]
F)a

creoase in the dead load above what is now customary for metal
airplanes. This type rad, in addition to the boat, a fuselage
1ocated above the wing, an arrangement for the purpose of in-
creasing +he secaworthiness, but Whioh naturally increased the
weight also. Hence, in this case, the fuselage weight 1ﬁcludcs‘

O

the weight of the poat, which explains the relatively large fus-

PN

this type. Our determinations for much greater

elage weight o
dead loads show & nornul fuselage weight of not more than 26—28%
of the total wel ight, “.e., exactly the sameé as for airplanes of
about 1500 kg {3307 To. ) dead load.

Time is lacking to zo further into the subject ofithe val-
wes and relations included in Fig. 34. I intgn& to publish an
article before long on the question of increaéing the size of
airplanes and will imprb'e the occasion to discuss the effect of
structural and aerodynarmic mcasurces on the weignt of metal air-
planes.

During recent years much has been said and written on the

-

enlargenent of airplanes. dany writcrs have drawn the conclu-
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there arc practical limits to such enlargement and
that it would be possible only »y consideraﬁly increasing the
wing loading. I cannot subscribe to this view. Of course the-
wing loading can be increased with increasing weight of the air-
plane (i.c., with increasing dimensions), but the increase in
the wing.loading is nafurally limited by the necessary limita-
tion of the landing speed, as likewise by the requirement of a
short start. This is specially true.of secaplanes. Seaworthi-
ness and high 1anding’spoed can never be combined, since one
excludes.the other. A rational enlargement of airplancs 1s pos-
sible, however, without endangering the safety by too high a
" landing Speéd necessitated by excessive wing loading. Fig. 34
shows, Tor cxemple, that the wing structure of the Wal type is
no heavicr proportionally with its 97 m® (1044 sq.ft.) wing
area, than that of ’;he Libelle type with 15.5 m® (168.8 sq.ft.)
"and the same safety factor.

The wing structure of the R III type (Navy No. 1431), with
226 m? (2432.6 sq.ft.) wing area is, with fourfold saféty factor,
in proportion, approximately equivalent to that of the small
Libelle; It must be remembercd that the R III type was-prodqped
in 1917-18 and that the static relations of the wing were rather
unfavorable, due to the sriall height of the spars. It would mnow
be easy tc build a wing structure ofllike area and like weight
with o safety factor of six. The power-plant weight of such an

airplane would not change appreciably, if modern 400 HP. cngines

°
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weré insialled in place of the 245 Hp. HMaybach engines then used,
since thc 245 Hp. Maybach engine of that time weighed 430 kg
(948 1b.) without accessories, while a nodern 400 HP. cngine
weighe only about 400 kg (822 1b.). It follows, thereforc, that
a nodern airplane cf abéut 7000 kg (15433 1o.) ﬁigh 1800 HP. and
226 m? (2433.6 sq.ft.) wing area and a safety factér of six is
possible. With a load of 4500 kg (99230.8 1b.), the load per
norsepower would then be 7.2 kg (15.87 1o.). The wing loading
would be 51 ke/m® (10.45 1b./sg.ft.), which would correspond 10
a lending speed of not over 75 knm (46.6 mi;) per nour. Of
course, the carrying capacity of such an airplané would be much
greater than 4300 kg (9920.8 1b.) since, with a wing areé of

226 1+ (2452.6 sq.ft.) and a modern w}ngﬂscétion, the wing load-
ing can oc raised above 60 kg/m® (12.89 1b./sq.ft.), without

unduly increasing the landing s ced.
= -

Translation by Dwight iI. liner,
National Advisory Cornriittee
for Aeronautics.
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A T o

Experimental body for
testing its resistivity
to the weather.

Fig.l

S
A

Fig.2 Duralumin sheet covered
with barnacles & mussels.
!

Fig.3 Half-opened wing of type B —
Do.B. »

Fig.6 Pursuit plane Falke,1922 type.

Fig.7 Pursuit plane Falke,1822 type.

Fig.8 -Behavior of metal fuselage Fig.9 Ilanding gear of a 1918 all
in a heavy fall. metal pursuit plane Do.DI,

7705 A.S.
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Fig.4 Section of first wing with smooth surface.
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Fiz.5  Stress distribution in a metal sheet used as
' a supporting covering.
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Fig.10 Landing gear of Komet II.

Fig.l1 Landing gear of type Do.B
(Komet III),

Fig.12 Training plane with Bristol
Lucifer engine.

Fig.13 Cocmmercial airplane Do,B,

Fig.15 Torpedo pursuit Flane Do.D.
7706 AS.
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|

Fig.16 Front:=& reér views of floats
of type used cn Do.D.

Eteoiieg= et SR v~ <

Fig.18 Boat seaplane"Delphin".

B T > Rt I R
Fig.19 Boat seaplane"Wal",
military type.

Fig.20 Boat seaplane"Wal"
commercial type.

>t

r—

els.

Fig.33 Rollers for moving the B PN .
"Wal" sidewise. Fig.22 Attaching the whe

7707 R.S.
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Fig.24

AB'CDE FG _ H
80 '
. 80
%A4O ,5\x y\Power pla{t
20
48
BRI N —
% 20 o T~ Fuselagde
O —
- 40 , T - - —
. ] ::ﬁ-
% 80_} | [Tail groug
O 2 il 1 i
1000 3000 5000 7000
Wt.in kg.
A Libelle Siemens 80 HP. Safety factor n = 6°
B Falke His.Suiza 300HP. " n n =13.5
C Komet II R.R. 260HP. " " n =5
D Delphin B¥W IV 250HP. " n n =5
E Do.C R.R. 360HP. M u n =6
F Wal 2 R.R. 730HP. " " n =6
G Do.N 2 B¥W VI 1000HP. " n n =6
HR III 4 Maybach 980HP. " " n =

Fig.24 Wts. of parts of 8 different Dornier airplanes
of 400-7000 kg(8823-15,432 1b.)dead load.
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