me bambu —hll kevlar

NINOIBUIBIEK

Jens T

: SEZELFLYGET
Robert Danewid -




Oskar Ursinus
,Rhonvater”
(1877 — 1952)

Rhontavlingen 1920-1939




"Gersfeld”
1922




bojmoment

vridmoment

L=G=q(x)*L




vridmoment




' = ~C— PURSCRITY 1 228 an
: oottt 3
AR

| 7/ 2 Fay ppyay

AN s\

A
g ARASN

- e Wl 52 -,

Plywood
Virke
Duk







S I<aﬂ|e'g Hannover\

Vagapy:
o 23]

Forsta timmen aug 1922
\ETREEIS Hentzen L :

)




Georg
Madelung
1919

torsionsnasa

i
|

vin

Einholmflugel



EINHOL

som anvd
dens ber
plansindu

MESSERSC

Svensk Flygtidning 1944

SVENSK FLYGTIDN

DEN ENBALKIGA VINGEN
%7(?(’1ch

fessor

VING

Den enbalkiga vingesn,

patenterad av pr Willy Measerschmitt, en av Tysklands

sloria i
ir helt i metall och ut

{: nner ma) lida genom vilken den torsionsstyva bal krr
loper. Spryglarma, v ligger ph relativt

l '|'t stort avstind, tjdnar egentligen endast Ul

och y friimsta (lygplankonstruktirer, métte segt motstind att borja med nu
h gott som allenarddande pd de moderna bide clvila och militirn flygplan
o - » | 5 " konstruktionerna
SOm  pam \ger, har den balkige
"y wt ! Sa I s » } l -
Yibxt e 1.1 s N "-1‘ " " NN KAl f ran oen ke pi att den enbalkiga vingen hos ett mo-  heterna utsitts for stora pAkEnningur mis
4 . torflygpian utsiit for vida stérre kraf te den ha storsta hillfasthet. Men sidar
Thil 5 l:l‘."‘."t" n t.ll N ."‘1.’!‘, r“&! w'rl’(’.']' ter in hos ott segelplan och med sikte phde kan man o] nd genom att liggs in fer
fordelar, som metalibygget di birjade visa balkar och andra fOrstagn
L: lt ;H'.’] l ".,! Den enbalkign skalvinge, som numera ty diirigenom blir vingens

flygpianots hi

finns ph alla n er ‘Wlwn'(k”'nnu':.hn plancts tyngd allt stérre -~
, bildligt talat, vingbelastningen okar

nitt™ m ror Ar 1921 .

férsts gingen on enbalkie

an

Dessutom bér vingen hos exempel
Jaktplan, dir all utrustning méste tribngas

samman pd ett relativt litet utrymn

fnr

vinge

att go vingen dess riktign form. ra sh konstruerad att den limnar plats

Yar den bekants OB ifly Faren och kon brisnslebehdllare, hjulstill och anman
_ " ’ rustning.
1 ; : Alla dessa strithga krav fler den
straktéren Madelung som anvinde den pi P Toepraitaaipr oot 4 o
* ) . TS e nan vingkonstruktion miktat giéra. Under
IS segwipbian \ i 'lp_\'.' t !'! an som det att bide dijnings- och torsionsphkiin

ningarna hoa flerbalkign vingar m

upptagns hiven av sjdlva kiidsoln )
egentligen endast tjlipar till formgivaing
upptas torsionskrafterna ho

»

o - a on en
balkig vinge av den lida, som vingens kr
tign metallklidsel bildar DA en |

konstruktion lger stirre torsk

R lﬂ YERW

Mesterschmitt !

struktir

han ocksi

~-('!“x Lnn

Varfor

Yar Asen

snart

naatyvhet

firsdk L ex. vrida en thndsticksnsk upp

ha . - ‘ ! 4 3 \ LN N tar den bSttre &n den flerbalkign vinges

D vl ) 't “"" "!l n e ‘ s n . 'ulllb:“ o \/ \/ \/ alla torsiopskrafter varigenom den sving
ﬂ“\j.___h—'-—‘ ningsfarm

elimineras,
fortare planet flyger.

som
Men

upptrider ju
i W

h ran .f'“"-\):t( overfiort den z

YihnEen ¢«

ningspbkinningar

: | = e S — o
"'l. MA A [”‘\ 'DIADL. FOmM X art )‘"‘r.. - /’ —— seviirt till att
- v - f for en forlangning 3
— 3
\ \ ehal) 1t e
3 $ - . e ¢ e —— — vingbalken allt ving
".‘n‘-r.u-l L‘ e LN . 'I.A s A l 4! ( S . .h e | n \' g ens storsta jup finne an man go
. 7 m den ¥pec hég och Bitt
" "I; SINAT ," sirom r ovan wvistr ndgra vanliga Eon ur bSjningshilifasth
. . ktione Man ser tydiigt hr UEare dn en och
" i 2 férdelaktiy den  enbalkiga ladbalk.
vingon (D) ataller »ig trymmet [ér De fordelar den enbalkiga vingen sk snd
° ° A brimaletankar ofe, dr ju stort ningom forde med sig Sppnade Ggonen ph
3 P lankonstruktbrer och snart ha-

andre av de st

andra flyg

Men varfor | all viielden iir dA den en. de den ene efter den
balkiga vingen att foredra framfér andea "‘_’"""r”“"'"”".‘ Gvergett sina gamia prin
vingkonstruktioner? For att forklara for ciper e Me
delarna med detta byggnadssitt miste Schmitts
man nodviindigtvis kinna till de krav
stilles ph moderna vi nstruktioner
bekant sdker luftirafter,
ar pA vingen, att bija denna upplt
r nedét, Ja, till och A férsittn den |
svingning. Helt annorlunda &r de krafter,
pom uppetir hos flygplan aveedda for higa

och  anammat

forndmliga patent

profes

z-

som

de

som

hastighoter, exempolvis hos moderna
Figurerna hir ovan visar ettt par boalkor av Jaktpl s, vilka ha en vingbolastning pi
sammna " e « Dem 200 kg/kvm eller mer samt en hastighet pA Pl Me 108 "Talfun" gdr balken vaki ge
dere hogre ¢, har 600 km/tim nom kabinen pd den plats diir sitsarna dr
"Horre wiskraft dn den wndre och DA vingen anbragta, varigemom wman vil tar vara pd

ligre oh grund av suirymmet



Winag BEAM ano RIB

AL,

STEEL CHANNGE L
PINR

PLYWDOD










elf]
Winasiy

Her Wings

€chnische Dage pic]
Soanane |

Flachenpegygpy 1.9 ke/m,

rgewiche Me kg

6 kg I‘L\«'hrl

Fluggewicp, 13
. V may, 15,

% Jreh Herrp gy, - 8efertigy 4. damals ,, seiner
S32€1t bej e, Akaflieg Darmstagy ham 0dspie) iy bauge

5 Dacy

Das trasimy, R/ﬂncnur»u‘hl betr;
Heute g, Man die y, indspiej ,
Mabaay 1.4

S Ultraj,
5 0bea ther 4,

A8 lediglie, 2 Gramg,
Aleichy, Ugzeyy IAelvn’hm‘n

D-28 Windspiel
(1933)






Traarbete som konst

Fafnir
(1930)



VIU 10 Milan
(1934)

Rastmasse 180 kg

Flugmasse 335 kg

Fligelflache 20 m?

Flachenbelastung 18,75 kg/m?2
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In flight 288 kg
Wing area 12.sq m
Wing loading 24 kg/sq m
Aspect ratio 33.6
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kresba J.VELC

Vletall konstruktioner:
L-13 Blanik och SGS 1-26

ScHwEIZer SGS 1-26

teihweise mat transparenter
ung.

GFK-Verkleidung bei
einigen spateren Modellen

Wurzel
NACA 43012 A
4" Einstellwinkel

Rastmasse 162 kg
Flugmasse 260 kg
Flagelflache 14,9 m*
Streckung 10
Flichenbelastung 17.5 kg/m*
Schwerpunktsbereich
25-34,5% m.ac.
(Bezugsflugeltiefe)

NACA 43012 A
2,96° Einstellwinkel

Schweizer SGS

1-26
1954

3
AuRenfligel
NACA 43012 A
1,5° Einstellwinke!

4 1NN e ey
fromeny

Zeichnung Martin Simons 2002 ©
nach Informationen von Schweizer Aircraft Corpa.




Ett av varldens mest tillverkade









50/60 taIet
Lamlnarprofller och trasandW|ch
Foka 4

.. Desista traflygplanen’



Static discharge wicks

SZD - 24 - 4 FOKA ¢

Canopy
open

Plywood - plastic foam sandwich
skins used on earlier models were replaced
by thick plywood for the Foka 4

Plywood skin
Glass plastic moulding
Fabric covering

7

/
Stiffeners and webs

Root section
NACA 63; - 618

Mass empty 228 kg
In flight 313 kg
Wing area 12.16 sq m -
Aspect ratio 18.5
Wing loading 25.8 kg/sq m
Centre of gravity range
22.4 10 39.5 m.a.c.

Mid section
NACA 63; - 618

e

Metres

SZD - 24-4
Foka 4

-

1960
Tip section
NACA 2415 . Drawn by Martin Simons 2002 ©
—

229










Canopy hinges
forward and upward

7200

Plywood-plastic foam
sandwich fin ___

VAR

Optically flat
clear vision

o4

_—

Wing profiles
NACA 652 - 515
modified

Glass-plastic moulding
Plywood foam sandwich
Plywood skin

! Timber spar surface
Fabric covering

Variometer
+/-30 m/is

— Clock

Column type
instrument console
typical layout

343 |=<—

Plywood outer skin,
laminated timber main spar flanges

Plywood foam plastic
sandwich skin

Mass empty 330 kg
In flight 415 kg
Wing area 14 sqm
Aspect ratio 20.6
Wing loading 30 kg/sq m
Centre of gravity range
28 t0 41.5% m.a.c.

SZD -19-2A
Zefir 2A

1960

Drawn by Martin Simons 2002 ©

Metres

Brake parachute housing
(no other air brakes)

9-2A ZEFIR 2A

Internal ribs and
webs

[

1960
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Komposit = matris + fiber
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GRP — clas fibre :einforced lastic
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ARE WE APPROACHING THE ERA OF THE
ALL PLASTIC AIRCRAFT?

By W. R. SCOTT, AM.Inst.BE., AMR AeS.

Tur subject of plastics has, in recent
ears, become one of considerable

iterest in many fields of industry

The aircraft designer has in no

wiay been the last to seek its

possibilities with a view to using
various materials that to-day come
nnder the heading of plastics

Unfortunately, however, plastics
are a subject which has not been
written up in much detail, and in
many cases technical data ﬂ{l I
taining to the vanous moulding
compounds that are available is
difficult to obtain, and are issued
by the various manuvfacturers as
strictly confidential,

I have hstened with interest to |
many a discussion, the subject of |
which has been the possibility of |
moulding complete sections of air.
craft from plastic, It was hear-
ing of the various Iideas that
friends and acquaintances had got
of the possibility of the all-plastic
aircraft, that prompted these few
short articles. It is nol my in-
tention to lay down any ular
theary as to the possibilities of

alrcraft ever being completely made | change in the process, the whole be-

fabricated from aluminium, dural
brass, etc. Such things as pulleys
pulley guards cable shields, air
ducts, flair tobes, fairiogs and
fillets between fuselage and tail.
plane and fuselage and wing, cabin
heating tubes, flexible shielding for
cables, map cases, inspection panels
dinghy containers, First Aid boxes,
and in some cases the complete
detachable tip of the wing, which
mcorporates the navigation lghts,
and even units as large as complete
pilot scats, which as will be appre-
caated, have to withstand con.
siderable strain under present-day
service conditions, All these
|items, as well as many others, are
'not made from the same kind or
| grade of plastic. Before going on
| to discuss, in detail, which of the
| plastics have been chosen for the
(varions articles and why, | am
igumg to give a rough idea of the
charactenistics and composition of
some of the best known commercial
p'astics of to-day

Plastics are by no means a recent
'di.scova'y, as mouldabie
tions have been
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Rotorblad till vindkraftverk

Carbon fiber skin

o~
>
)
£
o
<
S’
o
£
o)
o
=
D
c
o
=
o
®
o
®
o

Carbon fiber spar

Leading edge

hield

erosion s

Carbon fiber skin

Foam (Rohacell)




FS 24 Phonix
(1957)

Hermann Nagele
Richard Eppler
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Epplers och Nageles idé var att bygga ett
flygplan i lager av papper, som
impregnerats med lim, over ett balsaskal




Load bearing upper skin, balsa - glasscloth
sandwich latd up in female mould

Wing structure

Balsa - glass cloth " Balsa - glasscloth
sandwich webs ribs

Load bearing lower skin, balsa - glass fibre
sandwich laid up in female moulds

locking bolts

polyester
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Gerhard Waibel, Wolf Lemke, Heikko Fries, (Klaus Holighaus)

AS LS LBA SH



Mass balance ~
added aner
warly flights

-~ ' | Glass-balsa sandwich shell - 950 3=
&

Root wing profile
Wortmann FX 61 - 131 K

Torsionsnasa primart
for vridmoment | S

Spar langes glass fovings G“‘“""’;";é‘“"""""

GBBBO\)&'B& mm > A 1 Glass halsa sandwich spar web i&&umnlmm

Profile
shell Wortmann FX 61 - 131 K Wing structure

€
. f Mass empty 285 kg
<7323 In flight g10 kg
Wing area12.8 sqm
Aspect ratio 24.8

[Jlga sandwich spar : : mwwn "'“Yc' Wing loading 32 kg/sq m
Darmstadt D - 36

Tip wing profile ‘964
Wortmann FX 60 - 126

V24 |_ ba | k’l p ri m é rt P Drawn by Mastin Simons 2002 @
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Ingen strukturell skada

Strukturell skada
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Ett undantag (1971)




Glastltgel
H 301 Libelle

(1964, Eugen Hanle)
ingenjoren/innovatoren

Tow release under
nose

Onginal wing tips

Alternative canopy
often fitted

il

Alternative tall skid-
rarely used

O O Braking parachute
C O I housed In rudder

]
E
8
| &
5

Mass empty 185 kg
In flight 300 kg
Wing area 953 sgm
Aspectratio 23.6
Wing baading 31.6 kg/sgm

Glasflugel

Drawn by Maetin Simens 2000 ©






SB-10
(1972)
kolfiber

SB-9/10 spv 18m, 22m, 26m eller 29m
En eller tvasitsig
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Woods AlLAlloys Titanium Steels E-Glass  5-Glass Aramid HSCarbon IMCarbon
Composite Composite Composite  Composite Composite

Draghallfasthet dividerat med densitet




20000

Centre section, carbon fibre,
| glassfibre, plywood, balsa composite

20000

J

Plywood - plastic sandwich

)

|| Glass or Carbon fibre plastic moulding

|| Metal skin

Root profile
Wortmann FX 62-K- 15

Centre section)
in one piece

970

———

Profile A
Wortmann FX 62-K| 153

B-9

Profile
Wortmann FX 62 - K | 131

glasfiber

—>| 776 \Tl

4350

5365

Tip profile

—

10360

R

O Vet

Plywood/conticel!
sandwich skin

—atrasandwich

Inium

alum

Light alloy tail boom and vertical tail

60

Metres
1

k)
N
Scale 1

[ -

d med

Three piece wing
ends at 26 metres span

Detachable tips
to give 29 metres span

Wortmann FX 60126
(1.5 deg washout)

SB-10 (26 m)
Mass empty 569 kg
In flight 654 kg (solo)
Ballasted (dual) max 889 kg
Wing area 21.81sqm
Aspect ratio 31
Wing loading 30 - 41 kg/sqm

siera
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Q
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statliga medel

Del

SB-10

1972
Scale 1: 60

Drawn by Martin Simons 2003 ©




Omalad prototyp

SB-9 (ur fladderfilmen)
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Kolfiber i vingbalkar
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Aramid (Kevlar)

% Kolfiber

% Kroppsskalhybrid (utan
é glasfiber)

Glasfiber

Kevlar 9 volymprocent
Glasfiber 33 volymprocent
Kolfiber 58 volymprocent

Fibervolymandel i kroppen

Keviar 49
20.0%

Kroppsskalhybrid (utan glasfiber)

Kolfiber 59 vslymprocent
Kevliar 41 volymprocent

Glas
30.0%




parts in veight parts in volume

parts in money value
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Carbon fiber spar flanges

Aramide fabric/Hardfoam sandwich skin
Glass fabric/Hardfoam sandwich shear web
Glass/Polyamide vleece stringers

Boermanns & Waibel



Sinkgeschwindigkeit (m/s)

1/75 -> glidvinkel 0.76 grader
0 glidvinkel

Fluggeschwindigkeit (km/h)

200
T

Fafnir Il

1

Geschwindigkeitspolare vermessener Segelflugzeuge 1922 bis 1990






, Gerhard Waibel, Loek Boermans, Johannes Dillinger



Spannvidd 28 m Sidoforhallande 57
Vingbelastning 62 kg/kvm Vattenbarlast 300 |
MTOW 850 kg Vingtjocklek 12-16%




DU = Delft University
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Twist Angle (deg)

Twist Angle (deg)

Twist Angle (deg)

Twist Angle (deg)

ursprungligt

-
- N

Jl Design Lift Coefficient: CL=0.3

Fast Flight: CL=0.2

modifierad
' Design Lift Coefficient: CL=0.3 | :

Twist Angle (deg)

e 7 8
y (m)

Max L/D: CL=0.8

7 8
ym]

Thermaling Flight: CL= 1.0

-

7
y[m]
Spanwise Station (m)

Sink rate (m/s)

Twist Angle (deg)

50

Fast Flight: CL=0.2

Flight speed (km/hr)
100 150 200

INDUCED DRAG,

WING PROFILE DRAG

ASW-27
W/S=350 N/m?

TAILPIIANE DRAG | \
FUSELAGE DRAG \
\




iIsator och vingbalk
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ASW 22 och Concorala
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Velocity and glide ratio polars, h=1500.0
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Fly-by-wire
Automatisk klaff

ASH 30 kropp + nya vingar
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1 500 tim

3 100 tim

(55% av kostnaden)




Framtiden?

Loek Boermans

Figure 29 Layout of the suction sandwich on top of the structural sandwich. The air is
sucked through the porous outer skin, flows forward through perforated folded core and finally
through throttling holes into the wing




VvV (km/h)

120. 140, 160. 180.
1 I I

no suction

S

suction

Standard Class, Weight 325 kg

Figure 32 Improvement of the speed polar of a Standard Class sailplane by boundary
layer suction

Inte tillatet med dagens regler!
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Vilken ar sakrast och
bast att flyga?

ar vackrast?
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