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:RECENT EXPERIDNTS WITH L4RGE SEI1PLANES. * 
By Adolf Rohrbach. 

Two years  ago I had t h e  p r i v i l e g e  of address ing  you ir, 

Bremen on t h e  advantages of l a r g e  a i r p l a n e s  with a heavy wing- 

load. I a m  g r a t e f u l  t o  t h e  "'Vissenscha f t l i c h e  Ges e l l s c h a f t  

f & r  Luf t fahr t t l  f o r  g iv ing  me t h e  opportuni ty t o  t e l l  you today 

what has been accomplished s i n c e  t h e  Eremen meeting, i n  botk my 

companies, with t h e  cooperation of my. capable coworkers, i n  

o rde r  t o  demonstrate p r a c t i c a l l y  t h e  correc tness  of my views, 

on increasing t h e  s i z e  of a i r p l a n e s ,  by t h e  cons t ruc t ion  of 

o t h e r  l a r g e  a i r p l a n e s ,  a f t e r  t h e  1000 EP. monoplane of t h e  

"Zeppelinwerke Staakenl1 ( t h e  only exponent a t  t h a t  time of t h e  

p r i n c i p l e  of heavy wing loading)  had not been allowed by t h e  

I n t e r a l l i e d  Control Corxmission" t o  complete i t s  t e s t s .  

1. Advan ta~es  of heavy wins load.- Refer r ing  t o  the  

Bzemen l e c t u r e ,  I would l i k e  t o  remind you, through t h i s  dia- 

gram ( F i g .  l) of the  p r i n c i p a l  advantages of l a r g e  a i r p l a n e s  

wi th  heavy wing loading. This diagram shows, f o r  l a r g e  a i r -  

planes of t h e  018 tl-pe ( i n  which the  wing load p e r  u n i t  area 

i s  t h e  same as.  f o r  s:mll a i r p l a n e s )  how t h e  pay load increases  

wi th  t h e  s i z e  of t h e  a i r p l a n e  only up t o  a t o t a l  weight of - 
* From "ger i ch t  e  und A'ohandlurlgen d e r  W i  ssensc'haftlichen Gesell- 
s c h a f t  f u r  Luf t f a n r t ,  I t  Ju ly ,  1925. 
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about 9000 kg (19,842 lb. .)* and how i t  f a l l s  off beyond t h i s  
t 

po in t  with cons tant ly  inc reas ing  r a p i d i t y .  The case  i s  d i f f e r -  

ent  f o r  l a r g e  a i r p l a n e s  i n  which t h e  s p e c i f i c  wing load ' in- 

c r e a s e s  with t h e  s i z e  of t h e  a i r p l a n e  according t o  t h e  l a w  of 

s i m i l i t u d e  of naval  a rch i t ec tu re .  A s  a r e s u l t  of t h e  g rea t  ro- 

duct  ion  thus produced i n  t h e  externa l  dimensions of the  air- 

plane,  the  r e l a t i v e  weight of the  wings increases  much slower, 

wi th  t h e  increas ing  s i z e  of t h e  a i r p l a n e ,  and t h e  pay load 

consequently reaches i t s  maximum value  ct a f u l l  load of about 

16,000 kg (35,274 l b . ) .  The speed of l a r g e  a i r p l a n e s  wi th  

l i g h t e r  wing ioading  is no t  g r e a t e r  than t h e  'speed of corre- 

sponding sr'raller a i r p l a n e s  b u t ,  on t h e  contrary,  a s  shown by 

t h e  diagram, t h e  speed of t h e  l a r g e  a i rp lanes ,  having a heavy 

s p e c i f i c  wing load,  increases  considerably with t h e  s i z e  of 

t h e  a i rp lane .  

I n  o-icr f l i g h t  t e s t s  with %he f i ~ s t  a i r p l a n e ,  we a, t ta ined s 

rnin,g load of 88 kg/m2 (18.02 l b . / s q . f t . ) .  I n  these  t e s t s  t h e .  . 

D .  V. L. ( ~ e u t s c h e  Versuchsanstal t  f c r  ~ u f t f a h r t )  found. our'  

mean f l i g h t  speed with f u l l  load t o  be about 174 km (108 miles)  

p e r  hour. The p rope l l e r  e f f i c i e n c y  t v8s  only about 56$. ' D r .  

Koppe w i l l  explain i n  h i s  lec ture** how the  p rope l l e r  e f f i c i e n c y  

w a s  detercqineC! from observ+t ions made dur ing  f l i g h t .  

I w i l l  jmprove t h i s  opportuni ty t o  s p e a k ' b r i e f l y  of t h e  

* On the  assumptions published i n  I18eihcft 1011 of t h e  IfZeit- 
s c h r i f t  ffir Flugtechnik und .Motor lu f t sch i f fah r t ,  1923. 
* *  Heinrich Koppe, flllessungen a n  Luftfahrfeugen," . Jahrbuch d e r  
W ; G - L .  (Wissenschaftl ichen Gesel lschaft  f u r  Luftfahrt;")  1924, 
pp. 38-47. Also N.k. C .  11. Technical Memorandum No. 3 5 5 .  
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grea t  d i f f i c u l t i e s  w'e had with the  p r o p e l l e r s .  Due , t o  t h e  ve ry  

fcvorable  experience me had alwzys bad p rev ious ly  i n  t h e  a,gee- 

ment of ah&-turlnel  sxperiments with t h e  r e a l i t y ,  i n  us ing  

propeller-experiment r e s u l t s  published by t h e  National Advisory 

Committee f o r  Aeronaut.ics, we d id  not  t ake  i n t o  account a nun- 

b e r  of f a c t o r s .  We knew, of course, t h a t  the working condit ions 

f o r  a p r o p e l l e r  i n  a f r e e  a i r  stream, a s  i n  wind-tunnel 6xperi- 

ments, a r e  fundamentally d i f f e r e n t  from t h e  working condit ions 

of a p r o p e l l e r  i n  f r o n t  of a r ad ia to r ,  engine cockpit  and wings, 

a s  on an  .a i rp lane .  I n  order  t o  c.omc as c l o s e  a s  p o s s i b l e  t o  

t h e  r e a l i t y ,  we had t h e  e f f e c t  of t h e  p rope l l e r  s l i p  stream on 

t h e  model of our  a i r p l a n e  determined and we found i n  t h e  be- 

havior  of t h e  a i r p l a n e  no disagreement with the  r e s u l t s  of 

these  experiments. Since the  G8ttingen I n s t i t u t e ,  however, 

had no device f o r  determining the  r eac t ion  of the  a i r p l a n e  on 

s u f f i c i e n t l y  l a r g e  p r o p e l l e r  models an& s inc e t h e  product ion 

of such a device  would have taken too long, we had t o  be  con- 

t en ted  with e s t i m t i n g  t h e  decrease i n  t h e  p rope l l e r  e f f i c i en -  

cy on the  b e s i s  of previous G;ttingen experiments. In  t h i s  

connection we assumed t h a t  d i f f e r e n t  p r o p e l l e r s  were equally 

a f f e c t e d ,  s o  t k a t  t h e  p r o p e l l e r  which, according t o  t h e  Ameri- 

can experiments, was b e s t  adapted t o  t h e  condi t ions e x i s t i n g  

wi th  our a i r p l a n e ,  must r e a l l y  be t h e  b e s t  p rope l l e r . .  The t e s t  

f l i g h t s  demonstrated, hoviever, t h a t  t h i s  assumption was en- 

t i r c l y  wrong. Di f fe ren t  p r o p e l l e r s  which, according t o  the  
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-American experiments, could be expected t o  give almost i den t i ca l  

r e s u l t s ,  a c tua l l y  gave extremely d i f f e r e n t  r e s u l t s .  We l o s t  

much time mith thcsc propelltor problems. Now we a r e  again mak- 

ing our propel lers  according t o  successful ly  a3pl ied  p r ac t i c a l  

formulas . hop ed , however, that t h e  In- 

s t i t u t e  w i l l  soon be  equipped so that the  r e s u l t s .  of propel ler  

experiments, including t he  react ion between t h e  p rope l l e r  and 

a i rp l ane  on t h e  model, w i l l  agree v i t h  the  r e a l i t y ,  even i n  

f l i g h t ,  a s  well  as t h e  s t a t i ona ry  t e s t s  made a t  our request, 

with fu l l -s ized  p rope l l e r s ,  b:$ .>+ t he  . D. V .  L.  a t  Adlershof. 
. 1 

The heavy wing loading, $ s  > .  . shown by Fig. 2 ,  a f fo rds  the 

fu r the r  advantage of a conside$qbly b e t t e r  turning a b i l i t y .  
I 

The time required f o r  f l y i n g  *hhsough a complete c i r c l e  with a 

l i g h t  wing loading increases rapidly with t h e  s i z e  of t he  a i r -  

plane, while i t  only increases very slowly fo r  l a r g e  a i rp lanes  

with a  heavy wing loading. The time required t o  f l y  through 

given curve o f t  en decisive,  especia l ly  i n  a e r i a l  f ight ing .  

Thc turning a b i l i t y  of an  a i rp lane  is sa t i s fac to ry ,  however, 

only when i t  can quickly assume, any curve and '  can then f l y  

quickly through that curve. t he  a b i l i t y  f l y  quickly 

through the curve had been assured by the  heavy wing loading, 
d 

I f i r s t  employed the  exceptionally l a rge  d ihedra l  angle of 6O, 

as shovm i n  Fig. 3. This l a rge  d ihcdra l  seemed a t  f i r s t  some- 

what hazardous s ince  a l l  the more recent  a i rp lanes  had e i t he r  

very smll  dihedra ls  or  none a t  a l l .  The d ihedra l  i s  very 
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?s-s, bcccuse i.t m.ises t h e  wing t i p s  higher  above t h e  vfater 

and a l s o .  f o r  a n t i c i p a t e d  improvement i n  maneuverab i l i t y .  I t  is 

iino.;~n t?xbt an e i r p i a n c  s t e e r s  ~ c l l  in  t h e  long i tud ina l  direc-  

t i o n ,  only when i t s  long i tud ina l  s t a b i l i t y  o r  i n s t a b i l i t y  i s  

s l i g h t  A The narr,c p r i n c i p l e  a p p l i c s  t o  banking a b i l i t y ,  i. e., 

bhc 1a tera . l  s t a b i l i t y  o r  i n s t a b i l i t y  must be  nade cs small a s  

p o s s i b l e  c.nd t h e  simplest  nay t o  accomplish t h i s  r e s u l t  is t o  

s i v e  t h e  v~ings a l a r g e  d i h e d m l  angle .  In  order t o  reduce 

t h c  r i s k  as mch ns  poss ib le ,  a very compre3nnsivc mathemtic- 

a1 i n v e s t i g a t i o n  ms undertaken by hfr .  Brandt under t h e  super- 

v i s i o n  of professor  Fuchs. The purpose of t h i s  i n v e s t i g a t i o n  

was t o  determine hor: t!e motion of t h e  a i r p l a n e  i s  a f f e c t e d  'oy 

inc reas ing  t h e  d.ihebral angle.  

\ 

A ?;enera1 s o l u t i o n  of t h e  problem i s  very d i f f i c u l t ,  s i n c e  

t h e  funct ions  under considerat  ion m e  very complicat cd and not  

e ~ ~ l i c i t 7 . ~  given, some of them never having been thoroughly 

i n v e s t i e t c d .  Thc s o l u t i o n  is  given herc i n  a s impl i f i ed  form, 

as 3 s t a b i l i t y  inves t iga t ion  b y  t h e  met306 of small  o s c i l l a -  

t i o n s ,  the  t r a i n  of thought be ing  a s  follows: 

F i r s t ,  t h e  general .  motion equations of the a i r p l a n e  a r e  

s e t  down. These a r c  s impl i f ied  in  so f a r  as only small dcvia- 

t i o n s  from s t a t i o n a r y  f l i g h t  and a l s o  frorn r e c t i l i n e a r  f l i g h t  

a r e  i n v e s t i p p t d .  The motion' equations a r e  developcd according 

t o  t h c  small devia t ions  and on17 sein?~crs of the  f i r s t  order  a r e  
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consider&. Then t h e  d i f f  e r e n t i z l  equations a r e  in tcg ra tcd  on 
,- 

t h e  assuvnpticn of def i r i i t e  rudder d e ~ l ' e c  t ions a n d  d e f i n i t e  iili- 

t i a l  ccndi t ions .  Thus t 3 e  course of the  a i r p l n n e  m t i o n  is ob- 

t a ined  wider t h e  inf luence of t h e  rudder d e f l e c t  ions and indeed 

of thc  l a t e r a l  angle, l a t e r a l  i n c l i n a t i o n  . . .  ecd angular  v e l o c i t y  
. .  . 

z b o ~ t  ti& v e r t i c a l  a x i s ,  as a funct ion  of the  time. This sns 

accomplished with t h e  Fuchs-Hopf fo;&lao :.. ( ~ u c h s - ~ o ~ f  "Aerody- 
. . . . .  

. .- na.mik,I1 p. 403 f f ) ,  as f ~ l l o m s .  . . 

The motioli cqustions y i e l d  the , .. 'power equations (F ig .  4) ; 
. . 

x = a x i s :  G d'i~ - 
F dt-- G s i n ~ + S  C O P T  c o s a  - c W q F  (1) 
3 ,. . . .  . . 

(ay s i n p  - Y, = a x i s :  0 = - v 
" dt; 

C O S  p  - 
g / 

- G coscp cosp  + S C O G T  sins+ c a q F  

Z, = a x i s :  0 = G v ( a y  cosp + 9- s i n  p \ +  
Q at 1 

+ G cosB s i n p  - S s i n s  - CQ q F 
4 

Further f o r  t h e  moncnt equations: 

I n  these  eq-clat ions: 

G = f u l l  load i n  kg, 

. g = gravi ty .  acce le ra t ion  i n  n / s 2 ,  



v = . . v e l o c i t y  i n  m/s-,; 

p = ang le  of f l i g h t - p a t h  ( x  t2irection) with hor izon ta l  
p lane ,  

S = p r o p e l l e r  t h r u s t  i n  kg, 

q = dynamic pressure  i n  kg/m2 ,: 

F wing area i n  m 2 ,  

o = t u rn ing  speed in  degrees p e r  second, 

J 7 moment of i n e r t i a  i n  kg-m/s2 , 
K = r o l l i n g  moment of a i r  f o r c e s ,  including damping mo- 

ments about t h e  x  a x i s ,  

I, = yawing moment about t h e  y a x i s  i n  kg-m, 
... . 

M = p i t c h i n g  mornent about t h e  . -. z a x i s  i n  kg-m, 
. . 
. . .. . . . . 

S 
X,.J' ,Z ; ~ S 3 ~ k ~ t - ~ ~ ~ . t ~ j  F;',;;cs. 

X , Y , Z  = a i r p l a n e  axes .  

The p r i n c i p a l  fo rces  m y  f a l l  d i r e c t l y  on t h e  axes x,y,z,  

so t h a t  t h e r e  w i l l  b e  no centrifugal mornellts t o  be considered. 

K,L,M a r e  t h e  moments of- t h e  a i r .  fo rces  on a l l  t h e  a i r p l a n e  

' p a r t s .  They a l s o  contain t h e  damping moments, which a r c  pro- 

duced t h e  a i r p l a n e  p a r t s ,  f a r t h e r  r cmov ed from t h e  

of g rav i ty ,  by t h e  r o t a t i o n  about the-assumed a i r p l a n e  axcs.  

In  t h e  above s i x  equations,  t h e  q u a n t i t i e s  v, (JJ, (1, P, a ,  , 
, and ow areunknown, while c,, cw a r e d c  

x' Y . LI 

pendent on a and T .  The a i r - f o r c e  moments depend on a l l  s i x  

v a r i a b l e s .  ox, o and oZ must be pu t  i n  r e l a t i o n  with.  t h e  Y , . 

.. .. s i x  va r i ab les  . thus respect  t h e  path-f ixed 
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. . 

system of coordinztes 

For t h e  airplane-f  ixed System of coordinates ,  r e  obtain 

d(3 
d t  

1 ux = [(u Cosq co6p + - s i n p  . s i n a  + 
1 

+ j w  s i n  9 + $$) oos 4 cos r - [o cos cp s i n  p + 
\ \.. 

. ~. 

dad:! + @ Cos p + 4 s i n r  
d t  . di$ . - (10) 

uy = ( W  COS q~ cos jl + s i n p \  c o s a  - 
,- d t  1 

= (iW ~ 0 s  C O G  p  + s i n  P\ s i n  CL + 
d t  1 

dlJ' cos a] s i n  7 + s i n  cp + - d t  l 

dV +I - o c o s q  s i n p  + - -  c o s p  + 3 )  C O S T  
L dt 

With respect t o  only s tcady xot ion and only s l i g h t  devia- 

t i o n s  from r e c t i l i n e a r  f l i g h t ?  eqmt ions  . . (10) t o  (12)  become 

uX = w s i n  (vo + uo) + c06 .ao (13) 
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i n  which vo, a. and qo a r e  s teady-f l ight  values.  

A f  t c r  equations (1 )  t o  ( 6) have been , t r ea ted  . in  the  scme : , 

way, i . e . ,  if only s tozdy mot.ion .. . . and small devia t ions-  from r e c t i -  
. . 

l i n e a r  f l i g h t  are considered,. t he  f i r s t  system of equations ( 1 )  

t o  (6)  breaks up i n t o  two groups of t h r e e  equations each, one 

group representing t h e  l o n g i ~ u d i m l  end t h e  o the r  t h e  l a t e r a l  

motion. The t h r e e  l a t t e r  equations read,  a f t e r  t h e  a i r  f o r c e s  

have 2 l s o  been developed acc'ording t o  t h e  v a r i a b l e s  
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+ '5 cos ( q - +  a) & + c i  5 S" cos  o + 
y .. dt F b 2  

in which 

S = prope l l e r  5hrust in  kg, 

q = dynamic pressure  in kg/m2, 

F = .wing a r e a  in m2, 



c; = deduct ion of normal poser c o e f f i c i e n t  on t h e  v e r t i c a l  
t a i l  planes according t o  t h e  ang le  of a t t a c k  (non- 
d imens i o n a ~ )  , 

Fs = a r e a  of v e r t i c a l  ta i l  planes i n  m2,  

@' .= deduction of harmful area of a i r p l a n e  (without-ivings 
and ta i l ,  in a l a t e r a l  wind according t o  t h e  
a n g l e  of a t t a c k )  i n  I$, 

s = l e n g t h  'of t a i l  i n  m, 

b = span of wing i n  m, 

a = ang le  of a t t a c k  of wing i n  degrees,  

h = height  of v e r t i c n l  t a i l  planes above c e n t e r  of g r a v i t y  
i n ,  m, 

Gv2 G = - = weight, as non-.dimensional f a c t o r ,  
gqFb 

q~ = a n g l e  of f l i g h t  p a t h  i n  degrees, 

v = d ihedra l  angle  i n  degrees,  
- 
t = = time, as a non-dimensional va r i ab le ,  

b t  

- 
o = = t u rn ing  speed, as a non-dimensional (var iable ,  v 

p = l a t e r a l  i n c l i n a t i o n  i n  degrees, 

T = . . d i r e c t i o n  of l a t e r a l  wind i n  degrees,  

2, = rudder moment (non-dimensional) , 
k, = banking moment ( non-dimensional) . 
- J, = Gn u x] 

b2 
7 non-dimens ional  i n e r t i a  moments, i n  

- xhich k = radius  of i n e r t i a .  
Jy =. Gn 

The general  s o l u t i o n  of the  e q a t i o n s  reads: 
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The exponexts h a r e  determined from 'an equation o f .  t h e  

f o u r t h  degree, which is  derived from equat ions ( 1 6 )  t o  (18) :. . . 

The determinat ion of t h e  va lues  of 7, U and p y i e l d s  t h e  fo l -  . . 

lowing c u m e  f o r  t h e  hor izon ta l  f l i g h t  0% t h e  a i r p l a n e  type 

Ro I1 a t  a n  a l t i t u d e  . . of 2000 m <,6552 ft.) and f o r  a given 1-d- 

d e r  an6 a i l e r o n  d e f l e c t i o n  (F ig .  5 ) .  ' A 6' d ihedra l  i s  found t o  

be far too g rea t  f o r  en te r ing  quickly It i n t o  t h e  cunre.If The 

calculatio-n w a s  a l s o  ~iRde f o r  c l inb ing  f l i g h t ,  t h e  r e s u l t  prov- 

i n g  similar t o  t h e  one f o r  hor i zon ta l  f l i g h t .  

The n u ~ e r i c a ~ l  c a l c u l a t i o n s  showed t h a t ,  fo-r  p and o i n  

equations (19) t o  (21), . the  members y i t h  t h e  ind ices  0  and 2 

a r e  esscntia1:ly d e f i n i t i v e .  The o s c i l l a t i o n  members 3 and 4 

exer t  an  e s p e c i a l l y  great  inf luence on 7 .  This i s  aue t o  t h e  

f a c t  ti..t t h e  o s c i l l a t i o n s  cons i s t  simply of a so-called wind- 

vane motion which does no t  a f f e c t  tBe f l i g h t  p a t h  and revolu- 

t i o n  speed. Ins tead  of t h e  generzl  so lu t ion ,  we, have, according 

t o  these  proofs  of t h e  ~ u r p a s s i n g  importance of t h e  indices  0  

2nd 2 2119 n f t e r  a l l  but  t h e  menbcrs of t h e  f i r s t  6egree ' x v e  

been discarded : 
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These. r e l a t i v e l y  s i q l e  equations can be recommended f o r  a l l  

a i r p l a n e s  of similar design.  

The following i s  a. d i scuss ion  of equations (22)  and (23)  

without tak ing  the i n i t i a l  condi t ions i n t o  cons idera t  ion. 

, I 2 gc 4 t'i + 
p = ,- 6 *b\l- e veil I 

f? b cn 

Eere 
y = l a t e r a l  i n c l i n a t i o n  i n  degrees,  

v = v e l o c i t y  i n  ,m/s ,  

g = grav i ty  acce1erht;io.n i n  rn/s2, 

b = . . wing span i n  my 

. . 

.L, = a il'eron moment, ilondime~isional through d i v i s i o n  by 
wing area and wing chord, 
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cn = normal-power c o e f f i c i e n t  (nondimensional) , . 

c, = i t s  deduction according t o  t h e  angle  of a t t a c k  (non- 
dimensional) , 

t = t ime i n  seconds, 

v = d ihedra l  an.glo i n  degrees,  

s = l e n g t h  of t a i l  i n  a, 

C, = l i f t  coeff i c i c n t  (nondincnsional) ,  

1, = rudder moment (nondimensional, l i k e  ks) , 
ci = normal power c o e f f i c i e n t  on t h e  v e r t i c a l  t a i l  ylanes,  

deduced according t o  the  a n g l e  of a t t a c k  (nondi- 
rcens ional )  ,, 

Fs = a r e a  of t h e  v e r t i c a l  t a i l  planes i n  m2, 

F = a r e a  of wings i n  EP.. 

The g r e a t e s t  poss ib le  increase  wi th  increas ing  

t ime t ,  is d e s i r a b l e  f o r  t h e  tu rn ing  a . b i l i t y  of an a i rp lane .  

For t h i s  purpose, it is  necessary t o  consider  which of t h e  two 

expressions increases  f a s t e r ,  s i n c e  they have opposi te  s igns.  

I n  t h e  f i r s t  express i o n .  t s tands  i n  a n  exponent. If 

. t h e  exponent increases  much, then . t h e  bracketed express ion bc- 

comes more negative,  t h e  l e f t  expression always more s t rongly  

p o s i t i v e  and s t rengthens t h e  growth of t h e  r igh t  member. Both 

members thus work i n  t h e  sarne des i red  d i r e c t i o n .  

Only t h e  second of t h e  two expressions conta ins  . t h e  fac- 

t o r  of t h e  d ihedra l  angle . .  With otherwise equal constants ,  

s i n c e  v i s  . added . as a mul t ip l i e r ,  a n  a i r p l a n e , w i t h  a l a r g e r  

d ihedra l  surpasses  one n.i th a smaller  d ihedra l ,  a s  regards i t s  
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t u r n i n g  a b i l i t y . w i t h  ref e r e ~ c e  . t o  its longi tudina l  a x i s .  

w i s  t h e  t u r n i n g  speed, i n  degrees, about t h e  - ~ e r t i c a l  a x i s  of 

t h e  a i rp lane .  

Tne same p r i n c i p l e  which holds good f o r  o i n  comparing . 

t h e  two members, a l s o  a p p l i e s  here f o r  a, 'out with the  d i f f e r -  

ence t h a t ,  on account of t h e  system of coordinates  chosen, o 

i s  negative.  But even here, with increasi-ng t ,  t h e  turn ing  

spced becomes cons tant ly  more negat'ivc znd s t i l l  more s o  f o r  a 

g r e a t c r  2i 'nedral a.ngle. The bracketed q u a n t i t i e s  a r e  t h e  same 

i n e q u a t i o n s  (22)  and ( 2 3 ) ,  o ~ l y  the  ?receding f a c t o r s  d i f f e r -  

ing.. These f a c t o r s  show whether t h e  d ihedra l  has a more favor- 

a b l e  e f f e c t  on t&e  rapid increase  of t h e  l a t e r a l  i n c l i n a t i o n  o r  

on t h e  turn ing  speed, about t h e  v s r t i c a l  a x i s .  In  order  t o  s e t -  

t l e  t h i s  poin t ,  an evaluat ion of the  order  of magnitude of the  

va lues  in equations ( 2 2 )  and (23)  i s  necessary.. 

l i e s  somevili$.r,e wi th in  the  l i m i t s  0 and O..5, when i t  i s  consid- 

ered tb2t only small va lues  of t a r e  concerned. Hence 



l i e s  somewhere wi th in  the l i r ~ i t a  1 and 1.6 and 

i s  chosen a t  about 10. 

Then t h e  f i r s t  expression increases  from zero t o  about 0.7 
6 

and tile second expression increases  about t h e  same, even f o r  a 

l a r g e  d ihedra l .  1n eqcation (23 )  t h e  f i r s t  menibcr increases  

a p p r o s i m t e l y  from 0 t o  0.07 and t h e  second member increases  

approxirmtely f rorn 0 t o  0.1 f o r  a l a r g e  d ihedra l  angle.  

Thus i t .  is demonstrated that a l a r g e r  d ihedra l  angle  i s  

especi211y favorable  f o r  t h e  turn ing  a 5 i l i t y  about t h e  v e r t i c -  

a l  a x i s  of t h e  a i r p l a n e ,  because i n  equation ( 2 3 ) ,  t h e  manbcr 

wi th  v increases  more r a p i d l y  with a g r e a t e r  v t k n  the  

f i r s t  v;ithout v, while i n  equation ( 2 2 ) ,  t h e  menbers have 

t h e  same val-ue. o 

The wnole invcs t i s t ion  holds good only f o r  s~ia l l  v ,  t h e  

r e l a t i o n s  being d i f f e r e n t  f o r  l a r g e  V. An a i r p l a n e ,  of t n e  

t~ype  f o r  which t h e  inves t iga t ion  was made, i s  s t a b l e  l a t e r a l l y  

f o r  a d ihedra l  of about 10". The cff  ec t  of t h e  a i l e r o n s  i s  

thus  considerably 

d r a l  shou.ld be  avoided. 

exc ess i v  5 dine- 

In  f a c t  t h e  z i rp lane  'has excel len t  turn ing  a b i l i t y ,  i n  

agreement n i t h  t h e  computed r c s u l t s .  1'; i s  brotlght very e a s i l y  
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i n t o  t h e  curve, s'irnply b y  means of the  rudder, and- can l i k e w i s e  

b e  e a s i l y  brought back again  i n t o  r e c t i l i n e a r  f l i g h t  by t h e  

same means. 

The Dower plant.- A compromise was adopted i n  i n s t a l l i n g  

t h e  engines, wi th  regard t o  good r.mneuvera.bility on t h e  water, 

on t h e  one hand, and good f l y i n g  with only one engine, on t h e  

o t h e r  h ~ d .  The two 3011s-Royce B g l e  I X  engines a r e  the re fo re  

mounted on support ing frames of s t r a m l i n e d  s t r u t s  above the  

wings, i n  order  t o  have t h e  p r o p e l l e r s  high enough ebove t h e  

water.  This arrangcxerrt has been found s a t i s f a c t o r y  i n  every 

respect .  The l a r g e  r a d i a t o r  stande betwccn t h e  engine and 

p r o p e l l e r  on a p ro l .onp t ion  of t h e  engice supports.  The radia- 

t o r s  can be e n t i r e l y  closed by mec,ns of v e r t i c a l  a d j u s t a b l e  

s h u t t e r s  operated from t h e  p i l - o t ' s  s c a t .  Behind t h e  engine 2nd 

separated from it by a f i r e  wal l ,  t h e r e  i s  a g r a v i t y  tank ( f o r  

20 minutes) a ~ d  s n  o i l  tank supported b y  a backward extension 

of t h c  engine supports .  It vias o r i g i n a l l y  planned t o  p lace  

t h e  wnin f u e l  tanks(cspab1e of holding enough f u e l  f o r  6.5 

hours v i t h  t h r o t t l e  wide open) i n  t h e  h u l l .  Since t h i s  arrange- 

ment i s ,  however, prohib i ted  i n  England, on account of t h e  f i r e  

danger, we hung t h e  tanks f o r  the  f i r s t  test  f l i g h t s  provision- 

a l l y  under tile wings, following the example of many English 

airplzf ies .  They a r e  now placed i n  t h e  wings, be ing  given t h e  

exact s b p e  of t h e  l a t t e r .  Tkle f u e l  is forced from t h e  !;%in 
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t ank  i n t o  the  g rav i ty  tank by means of a pump geared t o  t h e  pro- 

Thc side-by-side errangcment of the  engines has, f o r  viat e r  

maneuvers, the  advantage t h a t  chcrt only one en,gine i s  run, it 

i s  a l~ :ays  s u f f i c i e n t l y  cooled 2nd t-hat, morcovor, by opera t ing  

only  one engine, a very g rea t  turn ing  moment can b e  develop&, 

without g iv ing  t h e  a i r p l a n e  so great  a speed as would b c  neces- 

s a r y  f o r  the  obtent ion of a l i k e  turn ing  a b i l i t y ,  i f  t h e  en- 

ginos mere i n  tandem. With t h e  engines abr ,east ,  t h e  seaplane 

t h e r e f o r e  requi res  considerably less room f o r  t u r n i n g  on t h e  

. mater, thzn i f  the  engines n e r e  i n  tardem. Due t o  t h e  lower 

speed, i t  sh ips  much icss  ria,tcr i n  ~mncuvering i n  n heavy sea.  

bLneuvering on the  water i s  g r e a t l y  f a c i l i t a t e d  by  t h e  

a d j u s t a 6 l c  t a i l  u n i t  ( ~ i g .  6 ) ,  which can b e  ro ta ted  (on tyro 

bearings; , ,  i n  f i v e  seconds, up t o  o deflection of 1 2 " ,  by means 

of a crank wi th in  reach of t h e  o i l o t  s s e a t )  about o duralunin 

toner  f i rmly  socured t o  t h e  r e a r  end of the  h u l l  ( F i g .  7 ) .  

This  a d j u s t a b i l i t y  of  t h e  t a i l  u n i t  was o r i g i n a l l y  d o s i p e d  s ix-  

p l y  t o  o f f s e t  t h e  one-sided propeller th rus t ,  nhcn f l y i n g  n i t h  

only  one cngine running, which purpose it very success fu l ly  

served. A d e f l e c t i o n  of only a f ow degrees s u f f i c e s  f o r  rec- 

t i l i n e a r  f l i g h t ,  even n i t h  the  rudder i n  i t s  c e n t r a l  pos i t ion ,  

so that the  seaplane,  with only one onginc running, can be 

b roug l~ t ,  by aeans of the  rudder clone,  i n t o  e i t h e r  a r i g h t  o r  

l c f t  curve a s  ea s i l y  a s  i n  n o r m 1  f l i g h t ,  with both  engines 



running, o r  i n  g l i d i n g  f l i ~ h t .  

n ib is  f c c . i l i t a t i n g  of t h e  opera t ion  of t h ~  rudder a l s o  ccm- 

s i d e r a b l y  improves t h e  a c t u a l  f l y i n g  2 b i l i t y  n i t h  one engine, 

s i n c e  the  rueder is  so e f f e c t i v e  on t k i s  a i r p l a n e , .  even a! low. 

speed, t h a t  a l l  gusts  ' ccn S c  d i r e c t l y  count c rac t  cd. lVl~cn, hon- 

over, t c e  rudder ( a s  i s  t h e  case n i t h  a i rp lanes  not  having an  

a d j u s t a b l e  t a i l  u n i t )  mist b e  de f l ec ted  very f a r ,  i n  order  t o  

o f f s e t  the  one-sidcd p u l l  of t h e  s i n g l e  engine, i t  is genera l ly  

no longer e f f e c t i v e  enough, a t  the  lowest p o s s i b l e  f l i g h t  speed, 

t o  prevent e a s i l y  a  dev ia t ion  of the  a i r p l a n e  from t h e  des i red  

course i n  gusty weether. The p i l o t  should, therefore ,  i n  p s t y  

weather, rminta in  a ,  r a t h e r  high speed, i n  order  . t o  makc the  

rudder more effective. The r e s u l t  i s  t h a t  such an  a i r p l a n e  

l o s e s  ~ J t i t u d e  more rapid ly  than 1:fould be  necessary with refer-  

ence t o  the  a c t u a l  f ' l y i n g . a b i l i t y  of the  airplane-.  

The a d j u s t a b i l i t y  of t h e  ta i l  u n i t  is,  howcver, as a l ready  

mentioned, a l s o  very u s e f u l  on the  mater. l?/ith t h e  normal posi-  

t i o n  of the  rudder and a i l e r o n s  and wi th  co'mpletely t n r o t t l d  

engines,  t h e  seaolane runs about tvo p o i n t s  (22.s0) out of tho 

wind. By t h e  o p e r a t i o n o f  t h e  rudder a n d a i l e r o n s ,  t h e  sea- 

p lane  can  be  turncd about f o u r  po in t s  (45O) out . of . t he  wind. 

I f ,  f u r t ~ e r m o r e ,  t h e  vfnole t a i l  u n i t  i s  sh i f t cd ,  t h e  seaplane ca.1~ 

t h m  tu rn  as rh-~ch as s i x  p o i n t s  (67.5') out  of the  wind. Thus 

t h e  p i l o t  s t i l l  has a t  h i s  d i sposa l  t h e  t o t a l  tu rn ing  moment 

generated on a n  e n g i ~ e  by  opening 0u.t , t h e  t h r o t t l e  and can there- 
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' even 
f o r e  turn thc  seaplane s e f e l y , / i n  a very  s t r o n g  wind. With a 

r ~ i n d  v e l o c i t y  of 14 m (46 f t . ) p e r  sscond and a t i d e  of 3 rn -. . 

( n e a r l y  10  f t . )  p e r  second, with very shor t  choppy waves, a l l  

p o s s i b l e  evolut ions were w d c  on the  water mithout t h e  l a s t  

d i f f i c u l t y .  The seaplane turned very  quickly  2nd e a s i l y  out of 

t h e  '~ ind .  The t a i l  u n i t  mas s h i f t e d  i n  a l v i ~ d  of 15  5 (49 f t .  ) 

p e r  second and then, with only t h e  engine on the  weather s i d e  

mnning  a t  700-800 R.?.l!., a d i s t cnce  of seve ra l  miles nas 

t ax ied  obl iquely t o  the  wind. 

Floats.- The use  of re l -a t ive ly  l n r g e  la te r?-1  f l o a t s ,  ct . 

a shor t  d i s t ance  from t h e  h u l l ,  contr ibuted g r e a t l y  t o  t h e  suc- 

c e s s  of t h i s  seaplane,  s i n c e  one of t h e  g r e a t e s t  disadvantages 

of many boat seaplanes i s  the  l a c k  of s u f f i c i e n t  la.t 'eral sta- 

b i l i t y .  iiencc, f l o s t s  viero i n s t a l l e d  under t h e  rring t i p s  o r  . 
wing stubs and xe rc  a t t schcd  t o  the s i d e s  of t h e  hu l l .  A two- 

f l o a t  seaplane o f f e r s  more r e s i s t a n c e  t o  t.hc s i r  than a corre- 

sponding boat seaplane,  but  the  former has good l a t e r a l  s t ab i l i - .  

t y ,  although i t  o f t  en has bare ly  enough long i tud ina l  s t a b i l i t y .  

A f l o a t s e a p l o n c  i s  dr iven o f f  i t s  courao by scus s t r i k i n g  it 

on one side,  'more e a s i l y  than a boat seaplane. In  a roug5 s e a ,  

t h e  wing f l o a t s  throw 'a seaplane very e a s i l y  off i t s  course. 

Due t o  t h e  l a r g e  lat oral f l o a t s ,  the  advantnges of boat 

sea.plenen, as they have h i t h o r t o  been k~own, o r e  t o  a c e r t a i n  , 
\ 

\ 

extent  combined with the  advantages of o r d i m r y  f l o a t  seaplanes.  
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A boat  seaplane, x i t h  l a r g e  f l ~ a t s  near  t h e  hu l l ,  has g r a t  lon- 

g i t u 6 i r a l  and l a t e m . 1  s t ~ ~ b i l i t y ,  i n  s p i t e  of t h e  smll  a i r  re- 

s i s t a n c e ,  and, clue t o  t h e  c e n t r a l  p o s i t i o n  of a l l  t h r e e  f l o a t i ~ g  

bodies ,  i s  not so r e a d i l y  thrown off i t s  course i n  a rough s a ,  

a s  an ordinary two-f l o a t  s eaplane, 

Since t h e  1at 'bxa.l f l o a t s .  con t r ibu te  'cut l i t t l e  t o  t h e  103- 

g i t u d i n a l  s t a b i l i t y  of a boat  seaplane,  t h e i r  r e a r  and Torward 

ends can be extended i n  long sharp po in t s ,  i n  o rde r  t o  lessen  

t h e  a i r  r e s i s t a n c e  and t o  cut  smoothly through t h e  waves. 

Each f l o a t  has s i x  water-t ight corqartments. This exten- 

s ive  d iv is ion ,  as compared with the  volume of a water- t ight  $om- 

partment of t h e  h u l l ,  i s  provided, notwithstanding t h e  addi- 

t i o n a l  weight and cost  involved, because leakage is  not  so 

e a s i l y  discovered i n  t h e  completely inclosed f l o a t s ,  as in  t h e  

hull. Thus a l i t t l e  l a k a g e  in to  one of the  f l o a t s  would not  

i n t e r f  c r e  with t h e  take-off . 
The f l o a t s  are each secured by tv:o l ~ o r i z o n t a l  s t e e l  tubes 

t o  the h u l l  and by f o u r  v e r t i c a l  s t e e l  s t m t s  t o  t h e  wing above 

( F i g .  1 2 ) .  The bottoms of t h e  f l o s t s  a r e  sornewhzt higher  t b n  

t h e  bottom of the  h u l l .  Hence t h e  dynarni-c l i f t  of the  f l o s t s  

he lps  t o  su2por-L t h e  seaplane only during the  lorn speed at t h e  

s tar t .  S ~ o v e  about 60 lun (37 miles) pe r  hour, t h e  f l o a t s  a r e  

e n t i r c l y  c l e a r ,  so t3at t h e  seaplane g l i d e s  only on t h e  bottom 

of t h e  hul l .  
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u -  Theore t ica l ly  t h e  h u l l  should be very  s l ender  i n  

o rde r  t o  diminish,  t h e  a i r  r e s i s t a r c e  (drag)  sfld t h e  weight of 

t h e  bottom braces ,  By means of a very l a r g e  number of towing 

experiments, w e  succeeded in  giving t h e  two-stm h u l l  a shape 

with,which t h e  sml l  r e s i s t a n c e ,  r e q u i s i t e  f o r  a s h o r t  start,  

mas obtained w i t h  t h e  o r i g i n a l  width of 1.25 m (49.3 i n . ) .  
0 

Thi's width corresponds, as fol lows from Table I, t o  a very 

largc: s tw loading  i n  comparison with what has h i t h e r t o  been 

considered a l l o n a b l e .  



&..A; .  L A .  Technical Memorandum 170. 353 23 

Table I. Comparison of Step Loadings. 

Fu l l  
Step length 

L o a d  i n k g  
I I  " lb .  

Per  r! s tep  
Airplane 

t3T e 
- '  

Brandenburg 
KTJD 

Brandenburg 
Gw 

Per ( s t e ?  lengthy 

1 oad 

kg 
Ib. 

1065 
2348 

3740 
8245 

Brandenburg 
GUd . 

Brandenburg 
'by29 

Lohner f ly-  
l 

i n g  boat 

m .  leng-:h 

f t .  ipe:$ih s tep  
I 

E l l  i t  / E J ~ I  Piith 

'Fdet I i c  
Per  Eng'l. ( s t e p  is h length? 

Eul l  
a lone 

-- 

-- 

fioats 

875 
587 

1760 
1133 

alone1 Zloats  lalone 

-- 1.28 1 -- 1 w 4 : 0 3  ' 

Vith 
f l o n t s  

716 
147 

833 
156 

42 1 
87 

7 50 
150 

78 5 
160 

49 5 
101 

725 
1 49 

108 5 
222 

135 
28 

7 13 
146 

-- 

-- 

1260 

-- -- 

1650 
3638 

1463 

509 
104 

69 7 
142 

1260 

2 . 2 2 -  
'7 *88 

-- 

-- 

I 
1.80 1 -- ' 917 ' 616 

2 58 
3225 1 

5*91 i 1.45 -- 
4.76 1 

1050 
710 

1050 
710 

O e r t z f l p i n g !  2640 2.501 -- 

1010 
678 

984 1 258 
1465 1700 1.16 -- 

42 1 
87 boat 1 

984 
1452 

3748 

8 *2O 

3.811 

1.60 
5.25 

1.20 
3.94 

-- 

-- 

-- 

-- 

Gotha WD 7 

Rump1 e r  6 
B 1 

1200 1200 
I 

806 / 806 

-- 

-- 

-- 

776 
159 

39 60 
8 13 

4233 

1130 
2491 

942 
632 

940 
632 

-- 

-- 

-- 

2.50 
8.20 

1.25 
4.10 

Sablatnig / 1600 
SF 5 1 3527 

Albatros  
I 
1 1030 

IT 4 1 2381 

890 
597 

EE5 
595 

3580 
2402 

809 

1.80 I e89 

Staaken L 

Dornier 
Vial 

Ro Ii 

5.91 

1.22 
4.00 

3.30 
10.83 

6.00 

11800 
26015 

4950 
10692 

6200 

597 

885 
595 

3576 
2402 

1940 
19-66 

2.95 
9.68 

1304 1 543 

4960 
3334 

2100 
1412 

I 
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The narrowness of t h e  h u l l  denotee: considerable  saving 
T 

- - 

i n  t n e  vlrei,ght of t h e  ~ o t t o m  braces,  e spec ia l ly  f o r  a seaplane 

Table I .  Comparison of Step Loadings ( ~ o n t  . )  

wi th  heavy wing loading, in  which tile bottom s t r e s s e s  from tile 

water  pressxre a r e  unusual ly high, due t o  t h e  hi.gh take-off 

' i  

speed. With a  road h u l l ,  t h e  weight of a l l  t h e  ?arts, c?.imen- 

Airplane 

tYYe 

E n ~ l i s h  F 5 

English P 
5/3 

English N 4  

(Atalanta{ ( T i t a n i a  

En l i s h  PS3 
b u r p )  

L o a d  i n k g  

Step l eng th  
Pe r  m s t e p  P c r  ( s t e p  length)  

.m l eng th  , Metric 2 
Pzr f t ; .  s t e p  ? e r (  s t ep  lenz th)  

sioned ~ i i t h  reference to the  water s t r e e s e s ,  would b e  so grea t  

as t o  l o s e  n:gain most of t h e  weight saved by t h e  heavy ~ ~ i n g  

loading. I f i n d  here a s o r t  of r i ~ e t i J ~ i o n  of what was i l l u s -  

t r a t e d  by the  Staaken a~onopla~ne with i t s  hsavy wing loading. 

For t h e  l a t t e r ,  an except ional ly  f l e x i S l e  land-ing gear  had t o  

S e  dcvel-oped, i n  ord.er t o  avoid a n  increase  i n  weight with rc- 

I 

F u l l  

load 

kg 
l b .  

6000 
13228 

5700 
12566 

14500 
31967 

14500 
31967 

f t .  Is\ngth 

~ u l l  l ~ i t h  j ~ ~ l l  [ ~ i t h  
alone1 f l o a t s  a lone  f l o a t s  

English 

EUU r; 
a l o n e  floats 

646 645 
132 

1030 1030 

1970 
1321 

2420 
211 

1920 
39 3 

1000 
206 

1970 3.05 

' 211 

1920 
39 3 

10'30 
206 

-- 

7 e 7 1 i -  

1630 1630 

2.75 528 0 

10.01 

2.35 

9 .02  

3.80 

1 "21 
I 

-- / 2420 

I 
-- 

12.471 1 25641 2564 
1 1 



spec t  t c  t h e  l a c d i n s  s t r e s s e s .  Eere an except ional ly  favorable  

shzpe of h u l l  had t o  be  found, i n  order  t o  enable a shor t  start 

e t  Yigh speed, i n  s p i t e  of t h e  heavy loadicg necessary f a r  

avoid ing  a too grea t  weight of the  hul l .  
1 

The s t r u c t u r a l  design of t h e  h u l l  is very simple (Fig .  8 ) .  

The ou te r  covering i s  so strengthened everywhere b y  inner  r iv-  

t h a t  it can t ransmit  a l l  t h e  s t r e s s e s  t o  these  

members. In t h i s  nay, s t rong  corner  f l a n g e s  a r e  formed o n a l l  

four. l o n g i t u d i m l  edzes . Strong t r ansverse  f  ranes , f i v e  of 

~pihich a r e  r a t e r - t i g h t  bulkheads, n-ai-ntain t h e  cross-section21 

shape of t h e  h u l l .  The bulkheads a s s u r e  coaple te  f l o a t a b i l i t y ,  

without dznger of capsizing,  even i f  any two. of t h e  main com- 

partments shculd sp r ing  aleak simultaneously. The h u l l  cover- 

i n g  is  cveryvihere access ib le .  . 

Wing S t r u c t u r e  

lbhxir.mrn s t r e ~ a t h  with rninimum weight .- The all-aluminun 

s i n g s  each c c n s i s t  of th ree  main p a r t s ,  t h e  box g i r d e r  (F ig .  9) ,  

which receives all t h e  s t r e s s e s ,  and t h e  extra-nelg l i g h t  lecd- 

i n z e d g e  sec t ion  a,nd %miling-edge ~ e c t i o n  (F ig .  11) f o r  giv- 

i n g  t h e  des i red  sha,;pe. These s t r u c t u r e s  a r e  u s u a l l y  s t i f f e n e d  

b;? foriaers an6 covered r r i t k ;  t h i n  siieet metal. 

Th? s tmcturr3  ~f  the  box g i rde r  i s  shoan i n  Fig.  10.. T1i1o 

o? en7?ro& long i tud ina l  ner~bers  ccnnect t h e  up? e r  and lower wing 
. . co~r eringc. Cross- r~cs, r i v e t e d  t o  t h e  lower and upper n ing  
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covering impz-rt t h e  co r rec t  c ross-sec t ional  ~ 1 x 3 ~ ~  t o  t h c  nhole 

g i r d e r .  The l ong i tud ina l  ri~sn?2ers ?.re so cut  out o r  b u i l t  up 

t'nat they contain s n l y  t h e  necessary diagonals  and upr izh t s .  

The shec t  cietal, covering i s  p ro tec t  cd from l o c a l  b u c u i n g  bjr be- 

i n g  r ive ted  t o  the  r i b s .  I 1:rould l i k e  t o  des ignate  the  outer  

covering of t h e  box g i r d e r ,  which. i s  subjected t o  e v e r y  kind of 

s t r e s s  con t r ibu tes  i n  a l a r g e  degree t o  both t h e  t o r s i o m l  

and bending s t r e n g t h  of th.e wing, as tlful . l  supporting,I1 i n  order 

t o  d i s t i n g u i s h  i t  from t h e  v e r y  t h i n m e t a l  covering of tho 

.Junkers and Dornier '~ings,  which i s  o f t e n  re fe r red  t o  as  "sup- 

por t ing , l l ,  r l though i t .  r e a l l y  adds but  l i t t l e  t o  t h e  t o r s i o m l  

s t r e n g t h  of t h e  wings. 

@>ny experiments have shown u s  how t h e  s t r e s s e s  caused b y  

t h e  Sending and twistinp; of such box spa r s  can be  computed i n  

advance. I hope tint 21.1 pe tent  ques t ions  n i l 1  Soon be so  f a r  

settled, tb,t ne can pub l i sh  tkese  erperilnental r e s u l t s  and. t h e  

computntion :::ethod. The r c s u l t s  of. such s t r eng th ,  c a l c u l a t i o n s  

. now zagrcz very  we l l  c i t h  the  exper inec ta l  r e s u l t s .  Sence each 

small p a r t  can be  made of jus t  the  r i g h t  s t r eng th .  Accordingly, 

t h e  tkiclcness of the  shcet-petal  c o ~ ~ e r i n g  and t h e  cross-sect ion 

of t h e  corner fla,nge, as 1ike~:dise t3c: diagonal brace6 and bulk- 

heads ,  grz6-ually decrease towarc? t h e  ou t s ide .  A t  t h e  same time, 

t h e  adapta t ion  of the  thickness  of the  m t e r i a l  t o  t he  s t r e s s  

c2n b e  2uck more p e r f e c t  than  i s  t h e  case i n  o the r  methods of 

wing cons",ctlor? since,  i n  them, tnc  s t r c n g t n  of a f lange  o r  
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o t h e r  member running i n  t k e  d i r e c t i o n  of' the. span cannot be  

changed el-ery one o r  two meters, as i n  our method. Since, inore  

over, t h i s  box g i r d e r  i z  gore r i g i d  t ' r_~,n a::y oxher form of n ing  

spar ,  ' it  is obvious, without any f u r t h e r  f'omir!-as o r  ~ a t h e r a t  ic-  

a1 demonstrations, that the  wings can be ve ry  l i g h t ,  so  l i g h t  

i n  f a c t  t!nt they  car, be m d e  c n t i r e l y  ol~erhanging with an  2s- 

pec t  r a t i o  of 10 and es  s t rong  as required f o r  looping azcl tax- 

ying. The wing has not shown t h e  least tendency t o  whip o r  even 

t o  tre2ible i n  eny of i t s  p a r t s ,  al though we 'have given it ve ry  

severe  t e s t s  i n  g l i d i n g  and curving f l i g h t .  

Since t h e  quest ion of weight i s  extremely important, 

would g ladly  have had, f o r  my own purposes and f o r  your infor- 

mat ion, an a c c u r a t e  weight cornpa.rison between our rnetal wing 

and o the r  and of correspondingly favorable  

a i r - r e s i s t i n g  p roper t i e s .  Unfortunately, I have not  succeeded 

i n  obtaining any such comparative f i ; y . r e s  f o r  woodelz wings and 

can, therefore,  only ma,2ce t h e  f o l l o ~ ~ ~ i n g  statements.  The ~ r e i g h t  

of our a i q l a i i e  is exact ly  t h e  same as  th?~~; of the  English Soat- 

seaplane F 5. The sa fe ty  f a c t o r  of t h e  l a t t e r  ( 3 . 7 5  i n  case A )  

i s  so sml l  t h a t ,  f o r  t h i s  reason alone, ne i the r  looping nor taxt 

y ing  is poss ib le .  I n  our seaplane, t h e  s a f e t y  f a c t o r  is s u f f i -  

c i e n t  f o r  both looping and taxying, s ince  i t  i s  s t i l l  2.5 t i x e s  

t h e  mmxirmm s t r e s s  i n  tile sharpest  curving f l i g h t  (See  "8ausich- 

e r h e i t  und Kurvcnflug, I t  " Z e i t s c h r i f t  ffir Flugtechnik und >dotor- 

l u f t s c h i f f a h r t  ," 1922, p o l ) .  Of coume these  f i g u r e s  a f f o r d  no 
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d i r e c t  comparison of t h e  wing weights. I t  i s  qani f  c s t ,  howcvcr, 

t h a t ,  on t h e  otner s t r u c t u r a l  p a r t s ,  such as t h e  b ~ l l  and t a i l  

u n i t ,  which a r e  thro11.ghout of l i g h t e r  cons t ruc t ion  than thc  

wings, only such sml l  weight s a v i n s  can b e  mde,  t'hat t h e  small- 

e r  vc igh t ,  i n  c o ~ ~ p n r i s o n  with t h e  F seaplzne,  mst be accounted 

f o r  by the  wings. 

Safe ty  i n  t h e  event of i n j u r y  of important parts.- A wing 

should not .break from being  h i t  gunf i re  nor  from 

d e f e c t s ,  when any one of i t s  structurEi1 xembers i s  injured.  No 

l o c a l  injury,  e i t h e r  t o  a leading- o r  t o  a tTailing-edge sec t ion  

can cnda,nger t h e  s a f e t y  of t h e  wing. 

I t  is a l s o  obvious tha t  t h e  upper and lower sheet-metal 

covering of t h e  box g i rde r  must be very s e r i o u s l y  and extcnsivc- 

l y  i'njured before  t h e  wing breaks.  8 f - t ~ ~  . t h e  complete rupture  

of one of t h e  diagonal o r  v e r t i c a l  Srac ing  s t r i p s ,  t h e  trans- 

v e r s e  s t r e s s  mould be  t ransmi t ted  by t h e  n'eighboring t ransverse  

mall t o  t h e  o t h e r  members, though with a diminished s a f e t y  fac- 

t o r .  When t h e  f l ange  of rz l ong i tud ina l  member i s  injured,  t h e  

s t r e s s ,  .previously Sorno by it, i s  transmitted'  through t h e  .up- 

p e r  and lower covering, t o  t h e  o ther  long i tud ina l  member.. The 

wing is,  therefare ,  s t a t i c a l l y  i ~ d e t e r m i n a t e  i n  each , sec t ion  

and cannot be brought t o  t h e  breaking po in t  by i n j u r y  t o  only 

one of i t s  s t ructural .  coriponents. 

Saf etv aga ins t  nets her ing  and corrosion.-  A metal covering 
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i s  indispensable  f o r  m k i n g  a n  a i r p l a n e  independent of t h e  

weather. Something more i s  required,  however, t o  p r o t e c t  it 

f u l l y  aga ins t  corrosion. Unprotected duralumin is  genera l ly  but 

l i t t l e  a f f e c t e d  by t h e  atmosphere. Whenover it i s  joined t o  

o t h e r  metals, however, a galvanic c e l l  i s  formed which corrodes 

e i t h e r  t h e  duralurnin o r  t h e  o the r  metal ,  according t o  t h e  s ign  

of t h e  e l e c t r i c a l  tension.  For instance,  duralumin is very rap- 

i d l y  corroded when joined t o  bronze o r  copper and, l ikewise,  

z inc  i s  rapid ly  eaten away when i n  contact  with duralumin and 

s ea-wat e r .  Whelnever d i f f e r e n t  copper-containing duralumin al- 

loys  a r e  joined, as, e.g.,  , r i v e t s  containing more copper with 

s h e e t s  containing l e s s  copper, t h e  a l l o y  conta in ing  l e s s  copper 

w i l l  corrode. 

Fortunately,  ordinary s t e e l  and duralurnin genera l ly  give 

r i s e  t o  very s l i g h t  e l e c t r i c  a c t i o n .  On t h e  cont rary ,  s t e e l  

conta in ing  much chromium o r  n ickel  can b e  used only with great  

caut ion.  Duralumin i s  very  rap id ly  destroyed by r~any good 

s t  ez l s ,  including, among o the r s ,  Krupp's non-rusting r i c h  

nickel-s teel , .  In order  t o  avoid f a i l u r e s ,  every kind of s t e e l  

must the re fo re  be  t e s t e d  with reference  t o  t h e  e l e c t r i c  t ens ion  

i t  develops i n  contact with duralumin. Moreover, t h e  u s e  of 

o t h e r  metals, even s t e e l ,  i n  conjunction with duralumin, should 

b e  avoided as much as poss ib le .  An all-dura.lurnin wing, i n  which 

o n l y  the  main f i t t i n g s ,  f o r  a t t a c h i n g  it t o  the  a i r p l a n e ,  a r e  

s t e e l ,  i s  l e s s  endangered 5y corrosion than any o the r  kind of 

wing. 



For pe r fec t  p ro tec t ion  agains t  corrosion,  a l l  p a r t s  rmst 

be  wel l  pa in ted ,  both iwside alid a r t s i d e .  Every ine iv idva l  p a r t  

of t h e  f i c i s h e d  wing of our seaplane can b e  incpected and paint-  

ed on a l l  s i d e s ,  dve t o  t h e  r enova5 i l i ty  of t h e  leading- and 

t r a i l ins -edge  s e c t  ions. 

EZSV a.cces-.sii)ility of zvery s t x c t i l r e l  par t . -  The l a d i i . 1 ~ -  

and t ra i l ing-edge  sec t ions  of t h e  wing can be  very  a s i l y  re- 

moved by simply loosening a few externa l  nuts .  In order  to  'iz- 

c rense  t h e  advantages connected w i t h  t h e  reinovaloility of the  

leading- and t ra i l ing-edge  s e c t  ions, tile l a t t e r  a r e  divided in- 

t o  equal, independe'l-t 3 o r t  ions.. 

The wing g i rde r s  can be  renoved by l o o s e n i ~ g  t h e  b o l t s  . 
which f a s t e n  them t o  t h e  stu'os on '90th s i d e s  of t h e  h u l l ,  o r  t o  

t h e  nest  j ~ i n g  sec t ion ,  vrllen t h e  m i - r , g ~  ere each divided i 3 t o  

severa l  sec t ions .  The co-cnections c o c s i s t  e n t i r e l y  of st  a c l .  

Each p a i r  of f i t t i i ~ g s ,  secured by two 'oolts, servcs  t o  t rans-  

m i t  t h e  s t r e s s e s  i n  the  uFper and lomer f langes,  a s  l ikewise  

t h e  s h m r i n g  s t r e s s e s .  This  inethod of a t t a c h i n g  has provcd 

ve ry  s a t i s f a c t o r y .  Af ter  a s e r i c s  of t e s t s  dxtcnding over 

e igh t  zionths, 6ur ing  u~hic'n more .than 70 f l i g h t s  were rcadc, the  

s eaplsne,  when taken agar% f o r  t r anspor ta t ion ;  s t i l l  looked 

Inexocnsivc manufacture.- This ass3mcs tllat only s i 5 ~ l . e  

structura.1 p a r t s ,  such as sr~ooth  shc;t-rriet~l and stamped opc- 11 - 
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work p a r t s ,  bu t  no tubes and no hollow members a r e  used. For 

cheap production, t h c  wing p r o f i l e  and chord reimin the  same 

throughout t h e  whole span.. A l l  roundings of t h e  wing t i p s ,  

c t c . ,  a r e  avoided s ince ,  as founc? by experiment, they do not 

apprec iably  diminish the drag.-  The cons t ruc t ion  cos t  is  most 

reduced by diminishing t h e  work of assembling as much a s  possi-  

b l e ,  because by t h e  f a c t o r y  perforrran,ce of most of the  work, 

so  long' as t h e  individual  p a r t s  a r e  s t i l l  separa te ,  much space 

i s  saved., a much g rea te r  d i v i s i o n  of l abor  is  poss ib le ,  a m c h  

b e t t e r  cont ro l  of t h e  workmen and t h e  q u a l i t y  of t h e i r  work i s  

p o s s i b l e  a,nd a lmch g rea te r  use  of s p e c i a l  t o o l s  can be made. 

Ribs and some o the r  p a r t s  can be  made, even i n  small num- 

b e r s ,  a f t e r  a kind of- q u a n t i t y  production by t h e  use  of spe- 

c i z l  t o o l s .  Xost of t h e  work done i n  m k i n g  a box g i rde r  con- 

s i s t s  i n  r i v e t i n g  together  t h e  p a r t s  of t h e  long i tud ina l  mem- 

b e r s  and i n  r i v e t i n g  t h e  f langes  t o  t h e  top  and bottom metal 

shee ts ,  wherever these  p a r t s  a r c  geparate.  They a r e  then fzs-  

tened i n  a simple rranner t o  the  box g i r d e r ,  without the  workf s 

be in?  delayed b y  d i f f i c u l t l y  a z c c s s i b l e  r i v e t i n g .  A s  a r e s u l t  

of t h i r  simple m2nufactu-ring method, t h e  d i v i s i o n  of l abor  

i s  a l ready f a r  advanced. f o r  the  few seaplanes we have a l r ezdy  

b u i l t .  In  fu tu re ,  a l l  the  r i v e t i n g  wi l l  be  done 5y  s p e c i a l  

r i v e t e r s  vrho w i l l  do nothing e l se .  The q u a l i t y  of the  work 

has a l s o  been g r e a t l y  improved '0:~ t h i s  d i v i s i o n  of labor .  
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Launching gars.- One of the  most d i sagreeab le  obs tac les  

mas t h e  skjl lowness of t h e  Oresund, which l:ras l e s s  than 1 n c t c r  

(3 .28  f t . )  deep f o r  a d i s t a n c e  of more tkttn 300 n (984 f t . )  

from t h e  shore,  the  bottom bein3  p e r t l y  stony and p a r t l x .  muddy. 
0 

Due t o  t h e  g r e z t  d i s t ance  between t h e  1znd and su f f , i c i cn t ly  

deep water, t h e  cons t ruc t ion  of a concreto runway o r  t h e  d r a g -  
- 

i n g  of c s u f f i c i e n t l y  v i d e  channel would lxwe c o s t  more than 

t h e  compxiy could a f f o r d . ,  Ne the re fo re  b u i l t . t n o  launching 

gears ,  olie f o r  each s i d e  of t h e  seaplane (Figs .  1 2  and 13) .  

They support t h e  sea.plane by aeans of s p e c i a l l y  provided po in t s  , 

of attachment on each wing. These launching gears keep t h e  

h u l l  and f l o a t s  from s t r i k i n g  the  very uneven bottom of tke  

Oresund and thus p ro tec t  them from i n j u r i e s  which might cause 

l e a k s .  The s i z e  of the  wheels w a s  determined 'oy experiments 

on t h e  spot n i t h  v n r i o u ~ l y  loa&ed r o l l i n g  disks.  

For c t t a c h i ~ g  and detaching t3.e launching gezrs,  a U- 

sbap.ed f l o a t  w a s  e q l o y e d ,  from which one could r a d i l y  nork. 

Thc launching gears  can b e  detached i n  four  minutes by two ux- 

s k i l l e d  v!orkmen, b y  loosening t h e  turn'ouclcles on t h e  bracing 

c a b l e s  and renoving the  b o l t s  f ron  t h e  wing f i t t i n g s  of t h e ,  

seaplane.  The lausching gears  the3 f l o a t  c/f t!lmselves. It 

l i k c n i s e  takes  four  minutes t o  a t t a c h  t h c r .  In o rde r  t o  pre- 

vent t h e  suppor t ing  tower of the  havy lnunching g m r ,  i n  rough 

water, from damaging tho ni.ng be fo re  i t  can be a t t ached ,  the  

well-padded lavinching g s r  i s  f i r s t  sus?ei?&cd f r o g  t h e  ning b y  



3 .  A .  C A .  Technical l$emor~ndun KO.  353 33 

a cab le  which can Se shortened by  rnesns of a Pand winch secured . 
ti3 t h e  launching gear, u n t i l  t he  l a t t e r  i s  l i f t e d  about 50 cm . 

(20  iil.) out of t h e  water and i ts  attachment f i t t i n g  enGges 

i n  t h e  correspollding f i ? ; t ing  on t,\e xing, so that the  nointed 

f a s t  ening-bolts can be  i n s e r t e d -  A s  soon as (by t h e  g a d u a l  

emergence of. t h e  l a u n c h i ~ g  gwr from t h e  water) a p o r t i o n  of 

i t s  vfeight i s  borne .by  the wing, it follows every motion of 

t h e  seaplane, s i n c e  t h e  motion of t h e  water can then no Longer 

gi-re i t  any i-notion of i t s  o m .  

Tiiese launching gears have proved v e r y  s a t i s f a c t o r y  an6 

m i l l  t he re fo re  f i n d  u s e  i n  many similar cases  where, a s  with 

u s ,  it is necessary t o  edonomize. 

T r ~ . n s l a t  ion by Dwight- $1. Einer ,  
N a t  i c m ~ l  Bdvisosy Committee 
f o r  Aeronaut ics .  
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a ,  Pay load 
b ,  Cost pL:r .psrson 
c, Flight tiae 
d ,  Pay load ,  unit 800 kg 
e, Flight time, unit 4 hrs. 

0 10000 23000 0 10000 20090 
Total weight, kg 

m , lurnir,g.time, unit 4 seconds 
Tota l  3eight, 1'0. - 

0 10000 BOO00 0 10000 201300 
Total weight, kg 
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Y p, Late ra l  
v ,  Dihedial  
7 ,  Late ra l  

Horizontal  

z 
z y 

z G 

i n c l i n a t i o n ,  degrees 
angle ,  11 

11 II 

a t t a c k ,  . I1 

f l i g h t  pa th ,  II 

' I \ - ~  , Turning speed about v e r t i c a l  a x i s .  1 un i t  = 1 o per  sec.  
4. 7, Direc t ion  o f  l a t e r a l  wind i n  degrees.1 =lo0 II 

/E , p,  La te ra l  i n c l i n a t i o n  i n  degrees.  1 11 =loo 11 II 

0 5 10 15 
Time i n  seconds, t 

2, - w  f o r  6' 
b ,  - ' 1 1  n O  

d 

c ,  - p 'I 6' 
d ,  p " z0 
e, r 11 60 

T . I 20 f, ... 4 
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