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DEPARTMENT OF DEFENSE
DIRECTORATE FOR FREEDOM OF INFORMATION AND SECURITY REVIEW
1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

M7 FEB 1
Ref | 98°F-0709/L

Mr. Michael Ravnitzky
612 Lincoln Avenue, #301
St. Paul, MN 55102

Dear Mr. Ravnitzky:

In response to your Freedom of Information Act request of
January 13, 1998, for a copy of document ATI 52305,
Considerations on the Desicn of Large Transport Aircraft, the
Defense Technical Information Center forwarded the document to
this Directorate for review, release determination, and direct
response to you.

The document has been reviewed and determined to contain no
classified information. A copy of the document is provided for
yvour use. No fees are assessed in this instance

Sincerely,

A. H. Passarella

Director
Enclosure:
As stated
cc:
Defense Technical Information Center 2 Feb A8
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. . Y No. GDC. 14/209 T,
gi. . Issued by the

" linistry of Supply

CONSIDERATIONS ON THE DESIGN
OF LARGE TRANSPORT AIRCRAFT

Part I
Arado Flugzeugwerke, Brarderburg
(urdated)
Trarslated by J.i, Hamilton

analysis of the Design of Lacge
Transport Airorart

Part 1

8. Statio anlysis,

1.

2,
Se
L.

5.

Increase in the individual wei
dimcnsions,

rht groups with iuwsreasing nirarufs
Peroentages of individual weight groups to total weight,
Influences of sctress reliel on strustural woight,

Variation ir payloud with airer:ft dimwnsions and influomco
of aspect ratio on ocentrally cdded lond,

Inm-éasc of peyloud with ccrstant strusturnl waight by load
distribution over the sjpar,

b, _Range and Eindurarce.

1.
-
3
b
5
6

Optimum ranges,

Rangos fo-r constant o vnluo,

Ranges for constent_spoed,

RangOS with constant output,

Comparison of gharncterlistic Rolntionashipn.

Ranges of thc altornative Design “E",

O« Preliminary Projeots

1.
2.
Se

T8.7T. 2933
P, 22003

Amlssis of vuriants,

Aralysia of an airaraft with thickned widoning osaxrgo snaso,

Amlysis of &r airor.ft with supplomentary OArgo.spcoa,
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2. Statig snciysias.

The tasks fov which an sireraft is intended, determing its
dime nsions, stwressing, ond, consequently, atructurcl weight and all~up
weight. The coipurent weights of a structural group are essentinlly of
too kinds (¢ ard B):

n)  Woights deterijined by the strossing
3) VWeights deteruined by design form.

-n the development of a knovm stxruotursl type, the changes in woight can
bo suffiniently well ostimated by comporison, and anslysis according to a and f,

For the rc-design of an airoraft of hithorto unknown order of magnitude,
estimation of w:ighis by comparison is excluded, cnd it is only possible to
dctermire tne woights cbsolutely, by calculating the weight components of tha
firct kind, and assuming volues for weight corronents of tho sccond kind,.
Alternai_vely, the woiphts of ihe structurnl. groups of an airoraft are
developec as 1 whole, in ratios dotermined from similar enlargowent of an
existing 2dircnot,

1. Inerensc of the ivdividusl weight groups with inoronsing aireraft
tirenzions,
«plying woight determination by absolute values, the woights of
structural groups of a aeries of niroraft in the order of megnituds of
16-120 tons, can be deterniied on the following asswptions:

Aren londing: G/F = 250 kg/n®

Powsr loading: G/N = 5.8 kg/hp. .

Wing aspest ratio: % = 7.5

Stress classifiontions H

Cons'ruction: Standard signle-fusclape type with tail unit on
fuaelogo,

For th: stendnprd toke-off weight, tho following power plants are
ussgt.xad, on the -ondition of constant power loading, in mltiples of 2, 4
or 6~ |

BiW 801 ccitat porformance - 1370 hp,

BiaW G002 " " © o 1ys0

IB 61 5 t " w "

(with extaust turbo-blower).

The ¢ tanderd take-off weights will then be within the limits of
16 ~120 tons,

The application of this wethod of ecnlculation and the percentage
corposition of the coupunent weights by kinds o and P having been
checked on a kiown prototyps &fupafy¥ of 16 tons, the comporont woights
of the individuai struatural groups, with apmoximtely the szme
equipment, the equippod weigh nd o the Adifferonce with xuspaot to the
standard take-off weight, -Whw payload weight, are cbtained {(see Tnble Blatt 5):

inolude the fuel tarkas, tho
nded service of the aircreft,

fmolage only veriss betweon about
to 120 tons; i.e, doos not
dons, Pusslags weights are

/wing
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Wing Unit: The win: group weight corresponds to & atanderd twin-spn
construction with Fowler flapa. The stress-rclicf power=plant componerta
is crbodied ir the individual iters, the relice? by tonk and fucl systenm
clewents in the wing unit, being iisrcgmrded 2s unknown,
Tail Units Standard tnih unit on fuselage,
Wing control swrfaces: ailercns with Fowler flaps.

Undercarringe: Tricycle with nosc-whoel.
2, Poroontagos of individunl woight proups to fotal weight.

The porcentagos of the individual weight groups plotted agninst the
total weight, within the range of 16-35 tons, shov an initial redustion in
the oquipped woight porcentage, due to the docreasing percentage of the
povier=plant wolght; subsequently, however, the percontage of pay=load to
totel weight, stoadily decreascs (See Table, Blatt 8)4

[ 4

The imoreasing porcentage of the structurcl proups, the weight of
which is in part doterrined by the static stresaing, way be explained as
follows: - )

Por constant area loalding, the total weighh incfcases with the
square of the linear mopnifiortion, while the percensape weights of the
a =~ kind inoreasc with the third power, since the corresponling extorral
loads increase as tho scoond power, Pfollowing the similarity laws of tho
theory of strength, anl nogleoting the influence of the weight of tha
structural grovp itself. If the design-controlled woights (the p-kird) are
asgured also tu vary as the third power, the ratio of ;yroup weights to
total weight - i.e. their porcontagos, wust increasc directly as the linsar
dimonsions, T

The influonce of the structursl weights on slressing ond the
increasc of the design-controlled weights, operate in modifiontion of the
above rolationship,

3¢ Influonce of stress-rclief on structural woight.

A morg detniled investigation of thoso quostions appoars neccsaary
as a parallel to the itemized weight caloulation, to Jdeternino tho effect
of stress-reliof modification of the wing aapeot ratio under otherwise
like corditions, and finnlly, as on answer to thoe problun of the absolute
nexinum pay lond and limdting airveraft dimonsiona,

The relntidmhip of the structural yroup weights to scals
enlorgerent of the airaraft undor the conditions stated (seo nbove), can
be stoted for the wing unit weight as follows:w

Generally,

Gpe = K"\ Gpro :

whero Gpn, is the weight of the origincl wing wnit; when for the coefficiont
of linear magnification k , the expoment p = 3 (see Table, Bintt 10).

. »

allowing for the structural woight and the woights of coutreol swrfnoes
and controls simdlarly affecting the distribution of the aseroiymcdo ised,
the expovent p bocomss dopenlent on k, ani follows the owve "ag”.

For sirplor amlysis of the influence of iten wedights (e.g. power
plant) on stross distribution, these arc plotted to the sae walue, but with a
distribution ovor the span onrresponding o that of the anodymamds load.
This approximition is better applioable to large airoraft with the power
plant distributed ower the wing spos, than sopll adrorafs with the power
plant corocatrated noar the wing rocfs, If stress rolief by the powsr
plant is included,u(k) dewclops sccording %o owrve "B.". In sotua) frot,

/harefore
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therefore, with increasing value of k, p chengzes rrou "a® to "b'
For the initinl corndition

G 16 tons

H

8]

b 22 wptres

Q

it

the airfrace rcights with the Jifferent stress-relicving footors have hoen
plotted againsy the lincer ingnification facter k, on the assuption of
o/F = 250 kg/n?, G/t = 5.8 kg/hp, ~rd A = 7-5, in the tablo "Blatt 1",

The furction p (k) &or ko cirfrawe, doterainod from the
sintlarity consideration, & rous suil wsith the volue cbtalrel froo the
jterdzed doterrination of siruscusal jroup weigh desoribed in paras. 1 and 2,

For the rensining stiuctural groups, the developrent of u (k) has
not been performed; the relationshiy is obtnined by plotting the 8 tructural,
group weights dotermined nccordiing to paras, 1 ond 2 against k and finding
the exponont pu from the following oquation:i—

GBu.ugr = G'oBo.um ok B
With the known volue of the function u {k) for the struoatural
proups entering into the equipped weight, & rejular cnalysis of the erfect
of varying the weiphts Jor a scnle crlorgecent is possible without
itonized deternination of the structural group weiphts - in particular for
the dotermination of the order of rapnitude of the useful load for an airoraft
“of any given size, and the influerse of o chonce in the wing aspect ratic
on airfrane weight and thus on the prylond; sirco the variation of the
aspoct ratio is cffocted, nercly to veintain the wren loading for the saio
 wing aren and weight, n=nd the excess weight of the wing unit, therefore,,
direatly nffects the pay loade ’ !

4s Voristion in payloa’ with aircraft divensions and influonco of
aspect rotio on gentrallyendded londe

Por the asnle mapgnifioation up to § x the original linear
divensions of a prototype aireraft of G, = 16 t., by = 22 ., with tho
sarp area ard powor loadinj, but wing csnect ratio vorying batween A = 7e5
ard ) = 12,5, tho oxponenis g ray be considered ns conctant in the -wan
(i the caloulation of p (k) for *he wing unit).

The values cf the exponent B for She Gifferent strustural groups
will be as followase ' :

W
Power plant

(exol, full tanks) 1,80
Fuselage o 2,50

Wing Undt

¢ in this connnction,

Jfihe
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(9 = - = el "
“Zulde Grprs nantpewicht

= o .2 = H
Suag = G+ K°-E Z':Baur;,r PR 7

furrish the volues cf th- taylond apmirat k ard thus a.:ainst the toke-off
weight, for differert toreet ratlos,

The poyload resches - mximum, and thus forms o limit fop the airorafy
dimonsions, undcr i wssummptions ade nrd “leording to the wing agpeot ratio,
at & toloeoff Heleht of 20C=300 tons, sorrespording: to aspeet roatios of
A= 12,5 to 7.5 (sce Tablo "Blatt 15",

"Blatt 18" shows the percentnge of paylond to take—off veight;
within tho renge.of the maxlimum, it ~uwounts o about 20 . of tho take—-ofy
wolght,

7+ Irorease in pnylond for Lqued atrusturel Voight, by load diotribution
over Yhe gpany " - -

The cons oraticng spplicd 'nithc—rto, to the offeot of imoreasing aitepstt
dinensions on structurnl weight and <ttninnble Fwylond, were velid Por
ccntrnlly-cpplicd loads,

If it becowws possible to distribute the joylosd more sultably, 0., by
dictribating the fucl #cight over the span, the payload ean be conaidorrbly
inoreased by only o slight inoruase in the structural weighta,

4 simple mthointiol crleulation shows that the desion of o duale
purposo ciroraft in ppsuible, i the poy-long congisting primipally of
fucl, is distributcd over the wing spen, tho tongu bedn; triken into usc
Succossively from inbonpd outwards,

Let the altornntive paylond couposition be adapted for tho followlng
two purposcas

Service r‘l‘:..ke-—cff i Structurnl |Total i Sargo | Fuol
Heizht Noight Payleed |
e = Tomo_\ {  Toma .Jf’&"_h ) Tona ) Tonsr
1 Trensport 43 ; 55 38 20 i7
2  Long-renge 130 i 55 75 | 5 69
L___.__“_EQ’P.E‘E&__,.__.'W S NS

Comprrison of stressing in the twe ahaads

Tho load fastors are oalculatod for equnl speoed in sithor casc, for tho
flying weights from take-off to landing with tanks aplys for the pullecss
- L]
#8t leading (see Tablc "Blatt 19 Y.

Ling  Erenavey ' onding oments of the wing
unit for both 0 20§ od with cltormativo 1,
highur bond on: Ay : g-300tions; ard higher
g shook, with ¢ = 2 far o
in the region of tao
‘Peblea "Blatt 21* «rq

an imsignificant irore.gs
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range borbing, owing to the conacquent .vo:.t,ht iroreient.

b,

b

The sa:x results ore arrived at for the other uréspooifiﬁ struwtural
gooups.

Sumenrdzing, it ey be said, that no unfavowrable :{fect on the
perfor.arce will result-fron Qd&pta.tion of o tronsport aircraft for long-

Annlysis of Rones mid Eadurnnccs
1 Optimuu rearcua as ¢ Junstion of

Lowy + Sy [, o b2/F.

Notation,
R = Renove (km)
v = Speed (w/sce,)
t = Tix (sce.)
T = Endurance (hrs.)
G = Weirht (kg)
=
=

Ggy toke=off weight (kg)
GL landing woight (k
G s * Gy,
(k)
N = Output ghp
P - = Aroe (&)
Fyg = Drag croa (profile and rosidunl.) (u )
Fyi = Induced drag cron
Cye = Coefficicnt of residunl dreg
pr = Ccofficiont of profile drag
Opi = Cuofficicnt of .Lniuctéd Jdrep
p = air density (kge5004 2/
B = Unit focd consuiption (k[r/hp/hr
b = Wing spen (m)
n = Propuller elf{icivnoy .
Y = Fuel dengity.
E = Soiidity (Fp/t.edy)
Fy = fusl tonk croso-sectional area.
t, = mean wing chord.
dn = woon wing thicknoss,

The relationshipa:
(l) dR = wv,dt
(2) -4G = 75 Np.dt

lead to on optimna ratio AR/AG, on oondition that:
2

(3) Pyy = Fy = :ﬁ" . 5)2

¢ woight, is

during me;m.

The gpnod of
thang

_.M opticam rango zag




of tire, the airoraft will probably fly, eithor with constant throttle, o

Y S )
The curves in charts "25" anl ,267 show the renges plottad apainst the

;a;ioaGt/th with the peracmters Owp 81 Owp, fOr the aspest retios
+5; 8; 10; 12, :

Chart "27" shows the percentage imarcasc in optimun range as a
funetion of tho aspect ratio b</7F,

Coi'rnsporxiin{', to the instantonoous spoed ¥, ths roguired
instantancous perforaance N is @ function of the weoights

h]
(6) 7,

. 2 s ¥ Gy 38
SR o= S T

The total flying cndurance ig thon:

3 1 { ’ G -
(7) 1 DBmen® (o/2) % (WP/F) % 3y 1) o
8 (owo + oyp) 3 Top ,

If the whole fucl supply is to bo ncocomodated in the wings, and E
iz the mpan golididy ratic of the aveilable fucl tank orcss-seoticial
aroa to the circuusceribing rectangle of tho profile, dy o ty while
¥ is the spooifio gravity of the fuels then, the loagt possible wing

arcn is a furnction of tne range; 28 + 0

E-‘W tm .$ » T

24 Ranpgos for constant ogq - valuo

The calculated optimun rango will iu practioe not be attnined owing
to tho contimous offeov of the engine povornor, Over cny considerabls poriod

with constant spood.

In order, however, to rordor determination of the range
independant of the optimun valus, it oon be assuwd that the distance in
flight is covored with some arbitrary, constant o -valuwe. The ratio betwoen
the sclooted and tho optirum op-vmluc nay be dono%ed by at

(9) o= Za : -

Saaoph,

This faotora, is representod in torms of speed, range, output and
onduranco, os follows

- —l— ° 'Oﬂ.(mt

v
R = 2, '—Q'E.Roﬂo %
1 +a A

e auiad
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Comparative onlculagiﬁns- show gLud agreenment botweon the ranres at

constant speed, and the rangos »t constant ®q» if the cp=vnlue used in the

caleulation, is such thnt for Cp the vilue of v approxiintos to o constant

spoed, and the weight of fucl is sx:11 in relation to the toke-off woight,
3¢ Renges for corstant speed

For eny given, constont specl, the range oan be deteruined as
followsy— :

The requisitc cnpine ~utiut is cowposol ofs-

1.  Power to cvercuoy ¥ dreg, which is inlepordent of the
woishs, i,.e, constn% over the whole PLyins istancas

() 75mNp = p/pavdip,,
W&

2¢ Poweor to overcore inrduoed drag, F_., which deponds on the
wolght, and therefore varies over ¢ flying distanco-

2
- ‘ = G
(2) 75 nNFwi = p/2avs Fot P /2.Revs

From the ohange of weight with time:

(3) ~AG = B,N,dt

We get, putting i - Nywg + Npyy 8

- G_ 'b
(li-) T =‘-?? L] ‘!‘s m - >
l/ P23 Py + Lob)e
Gy, P/2eev

(5) R=wr

Gat ~ Gy,

/2 v‘?ob.iﬂ.&w'l

(6) R= A77amab ara, tan

B ;FWB 3 Gﬂt « &
Y P/, 7&‘."5,;; 72

Simoe the term

/ia
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(7)

e

(1’

(2)
(3)

(&)

(5)

.- (6)

(N

by comparison with the firs
socond term,

27Ce M

is in practice smell compered with unity, we can

G!st“'GL

R = al N
BoFWE'P/2 ve 1

Gst o U,

-

N

This equoation ennbles the ronge to be caloulated for any velue of .
v; but care must be token that the avellnble engine power is not exceeded.

Ronges with donstant output,

Fron s rolationships

= - &G
dt &

ard nutting

B

v.dt.

-9 v
BN

5

we gots

1 Set
R = ﬁ VedeGe
.
a1,

From the powor equation:

' ' 2
Ju = "E' cvjl‘ : G/b
75“ _ 5 Pws +‘KQ 2.%.?

wo got
2
w3 = ;;g.n - (6/0)"
p Z.FWS (p/a)zo Fwsov
and .
E;,ﬂil‘v' 5 Vel
2*Sws °
Siroe, in pﬂoﬁm




(9)

L

6o

Oe

=10~

For small values of X, we oan put

1"'3{'\4.3. bl ~§-

henoe, the velooity is repreacntad by:

-

-
v

voZl—

and the rangos-

¢/b°

3% (p/3) szs Vo

(Ggt - GL) vo

R = 3.6

Tha ranges anle

oty

"Blatt 34",

Bx

T

.

!

s,

L

Oomparison of Cheragtoristic Relationships.

(See Tnble

"Blatt 331),

Bangos of $ho Altorative Design "B

(See Table "Blatt 34M),

e ]

Zreliminary Projeots

Amalysis of variants,

: "The following four variants we
the oricr of mngnitude of the variations

: 2 2
‘ G'Bt +* GSt - GL + G’L
9% (8/2)% FygebZevged

& equation, aro shown in the Tabla,

ro analysed to obtain an idea of

‘—

) Variants A B c | o
Aspeot rmtio i Te5 Te5 - 12,0 12,0
Power plint 'L xDD613 [6xIB613 |4 xIB6L3 [6xIB 613
Power plazt 17000 25500 17000 25000
Adrfrare ; 30000 37500 34,000 42500

T Strwtwal wight | 47000 63000 51000 } 68000

o BEquipment m;éOO 3000 3000 : 3.600

T Equipped woight T 6000 §6000 54000 71000
Area, F (n?) 392 300 392
Wing spen, b (m) . . | | A%eS 5 60 , . 68,5

: 21000
18600
15050

e
1

T o e



" Puel S ot 6000, | 20000, '13%0
Q-L“l?xfic&nt - | 000" 1500 Lo igte | Wwoo o T
? :Gergq (oentrn}.ly oaxricd); 20000 - | 20000 4 _'2000{)
B -'A:u-up welght .- | 85000 .{108500 . "_89000-”' 130000 . T
, 2 émkmf,'f L s e I ey | a0
: " G/N (tako-off) - .| 6,26 - 5.5 L6436 [ . 5,23
Optimm range (km) [ 3430 | 3520 3500 | 3500
{ - ot vgg - v, kgl LOC~ 365 | 592- 30, 3574 335G 3500 32
i at Ngy = N hpe 9£.00~7300 | 11600~ béou’ 7000-55oo| £350=66C0
! Rongo . _ 3380 | 500 R BT
ot vy kiyh 450 450 T K50 450
ot N hpe - | 10600 13300 P 2L50 P 11800
Venx 06 Gopand 6 kne | 497 | 527 | 508 : TR
{
Projoct requiring: © - 5000 kgo centrally -prlicd lond over 150CU ku, rc,
Crow Poogoe 0 400 500 Mo
Auunition { 6C0 360G . GOO T BlG
. Fuel (decentralized) 79500 £ 201500 R -+ [V VERRE T 1V
. Cargo ‘ b 8000 ' HU00 ! LG
©Puy Lowd i 85500 10750 | €re | o
| ’m_"_' w woight 136500 175060 | 1z2o U e
i G/F Etnkcuoffz : 452 T URYT 406 1 NS
] G/N ( toku-off) - 27§ 835 873 1 TS
2 [ - i ) E_
Optimn range 1 Wweoo T 1950 ARG 1 ALS0U
at vgt = vy, ly/n 500~ 322,  496- 324 3951 k18- 29y
ot Ngy = N, hpe LC0C-51C0 | 238006520 1120C-3550 fili 2005040 . ,
i Npe oo e ) w050 ) 1000 w06
‘ A ; impmotic wle ‘f - : '
ax) shori~torn possibz.la.ty
-

Theso figuras shqw that tha long-rangc eltormativa roquires
- an aspodt of &t least 12, under -the given cond.i’ciom , tho requircd engine
= L -powr aftor t(ﬂ:e-o:f, betng bge :

ix w_v’f&ﬁ mﬁm of
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.Power plant & x B 613

" Aroa ’ 3G o
Span 2 63 m
4spect ratio b</F 11
Pus 7-5
Power plent 17000 kg
sirfrars o 35000 v
Structural weight 5200 kg
Bauipnont 3000 ki
Equippod woight CUSBC00 kge 5500 kge
Crov 400 ky°, LCO kg
Aumannition 600 kyr 600 kg
Fuo? 17C00 kg 6300U kyr
Caxrp 20000 kg 500 kg
Pry Ined 38000 kg 75000 kg
Take-of? woipht 9300 kg L300 kg
arce lending, G/F 258 361 kp/u
Power lenging G/ €465 2¢3 ko/hy
Pange 2" in ko, OO0 3500 15200 ku,

= i Vst - Vr

) 340-308 134,00 L02-275  kayh
&3 Ngg = Np,

72005350 10750=792C 120CC-3860 hp
Vg fOr G = 83500 ki ot 6 ku, 4B5 xiy'he

Wita jot thrust boosters built in the wing:, portially lowerod
during coubet, an incroaso in speed is possible,. :

Thruz: booatcrs 4T Junkers (L xIB |6 x Jukers | 6 x I
1005 wrforiance 54,8 574 578 616 kayh
Exrgircy perforierse 567 - 605 - M
Additicral fucl

) per our,

100;: perZoriaroe 2660 25L0 INNN 15800 kg
Buergerne; perfurmnnge 5420 | - 8150 -

3s  anplrsis of

. ———

anx o SI-&OGs

Appordix 40 illustratos on altermative design with suppleentary
oargo spacc. &8 alracdy :entionod, this desiwr it loss faveursble in Pan
valw and weight, then Design "EY in the transport eirerest veriant, Tne
layout of the oorgo siace, however, im probobly sitpler. aa o long-rungs
bombax without cargo syece, it is corodyncuienlly so.cwhat cloarar than
Design "E". & Jjust epirocistion of tho pros and cong of the two arrunouonta
“is, however, only possibla by o dotailed amalyais, which was outnido the
. 800pe of tho pwosemt worky . .

TR : ool ,i“m y_r‘bé:ﬂﬁ; : ﬂinetha combiretion of & treanaport
S e - 30¥go, centwelly<carriod loads ovar distarocs of awerage length,
: tisable.

an adraoraft desisr with suppleounteary

-
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Uaterouchung iker Fatuloklung eines Groftronsportezs,
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Tail I.

a. Statische Fptcrsuchungent

Lo mhbunnetdan o aincalnan Rursnrornsan
CSWAISARILUNITLSg GO SAnITAnSn Tmugvapren

it der Flugzeuggribe.

Prozentualer CGenichtsantesil dor einzelnen
haugruppen e Gesamtgewichs,.

EinfluB wvon Entlastungen anf das Paugewichs.

knderung der Zuladung nit der Rlugzecuggribae
und EinfluB das Seitenverhiiltnisoeas bei
gentraler Zuladung,

Yergrblerung der Zuladung bel gleichem Fou=
gewicht durch Lastverteilung Ulber die Spanae
weits.

Reichweitenuntersuckhmg:

1.
2e
3o
4.
5.
6.

Optinale Reichweiten .

Reichwelten bel konstantem o‘-Icrt
Reichweiten bei konstenter Gesochwindipkeis,
Reiochweiten bei konstanter Leistung.
Zusammenstellung der Bezichunsen,
Reichweiten des Auafilhrun;sbeispiels. R,

Yorentwirfas

1.
2e

3

Veristionguntersuchungen swischen 4 «ulagen

Untersuchung oines Flugreuge =it im Hittele
atick verdickicr Fllicks sweoks Ausauvtiiung
ale Lastenraam,

Untersuchung eines Flugzeougs ait susktzlichew
Lestenrawm,

7= 8
912

13=16

V=22

22-34
23-28
28~29
29=31
31=353

33

33
35=36

56~39
4041
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teilgewichte eirsx Baugruppe seigen aioh in weesutlilichen
avs swol dctam (A ¢ /) von Gawiohten versobludeser Rex-

unst SuBSmRIN,

4) Gewichte, die ourch die Beasspruchung be@iimct rind
£) Gewichte, 4ie siskh aue der Betwendigkeit. ma gantalten
ergebeng

Bei d¢r YWeiterentwicklung einpes dekgnsten
nen die Uswichtsverinderungen dureh Yergleichea wad weler
Seachtung der Imsemmensetsung mach £ uai /9 mit hisrel-
abender Copsuigkeit festgentellt werdem.

Fir die Eeuvkonstruksion eines Flugreuges im bisher nichd
bekannter Grifenordnuxg fillt eine vergilsichonds Gowliolile~
eraittlung ford, uad o3 bleibs mor der Weg 4sx abaoleisn (-
wtohtsboatimg durch Berochmung der Uewishta mach doF

ersten Aﬁ und dar Soh¥tzung der Gewichte maoh der sveites
s adom Al Bansmunnan _Muichte eives Fivgecuses werden

Abdh W Y WTAAT G wbvenr

in ithrepr Cosamtholt neeh einec doi Ahniicker Vergrilermey
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Filohenbelnatuagt O/F « 2% ky/m’
Leistungavelantongs G/F = 5,86 kg/PS
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BYE Beo2 © « 195 P8
B 613 " * 34ee FS (mit Abgnsladsy)
in 2-pém, b~fashor Ancrismng sugrends gologh,

Pie Formal-Bgartgevichée llegen damit in dex Bergish
vex 14 - 12¢ %,

Eaok don dis Mrtheds dfossr Gumichbtsbervohumng wad
di® proseminals Povesmvase Ivenyg der Bauteslzevichte
nech den Artea « and S an sinem heksratsn Aussmnge-
Slugssng voa 16 ¢ gepriidt werden, ergeben sich die j !

€% o b B . A 4 o B p i a L ST S - wE . L
aefohita dar plingaines .‘;mi.-’%-;uyg:&;, wil @aioks el S gl
4
L
wrTastr el s Pl ceTades e ot T 2l 2 og s 4
Se - v - B R



LA AF ﬁl@@ﬁi

L

£D g7

e s £2
v s ’E; ';fé:;é? F

STl ST
W S e of i s
13 e o S

ELPET 9

&.m (7 4

//i!%guﬁkkfv /

muivu\;_w =

pESF IR T

1//

TLG E@ X%

EOLTMNE X3 |

2 H S xQQ}t&wam

...w, m ) A.W m
] R
rpdili DB : |
B N R T L N L
wﬁ:mmmm | |
S gl ; '
- 3 ,_mx.;ﬁ-_.w-... I SRR SRR S e
mw:. g noe oA “ h
«fs? : {
T N S SO
TR SE™ T w
: ; i i
. | R m - |n.a.|.o..||w. - - ez
P E R
. § ;

T R

-



LY

TAND TS P St ot

AN TR WY

£ LeIE TA

Kemerknnaon su den einzolnspa Haungraprengesichitens

Trisbwsrks Dus Triehwerkgewicht enthilt nicht die Dehilter-

Runpfeerks

Tregworks

Leitwerks

Fahrmoroks

Anlage, die 3j» nach Verwendung des Eiugraupes d.h,

je nach Apteil des Brennstoff~lsvichte an der Bwlrduang

gewichtlich verschieden sain kanm,

Die Bauvhdhe des Bumpfos ist in dec Bereioh vom

16 - 120 ¢ nur von etwa 1,0 ® bie 2 & verindert
sis wurde njght wie die iibrigen Abmessungen Fhnlich
vergrbBert. Die Humpfgewichte sind in nohem Hnbe
durch die Bugrad-inordrmung bvedingt.

Das Tragwerke-Cewicht emtspricht einer noroalea
gweiholnigen Bauweise fir Fowler—Anordnung. Die Ent~
leatungen durch die Triebwerke sind im einzelnmen
enthalten, wihrend die nich{ bskannte En*tlastumg
durch Behiltsr— und Brennstoff-dnordnung iz Tragwerk
unbeachtet blieb,

¥ormales Bemplleitwark.
Pichenleitwerk: Querruder nit Powler.

Bygrad-Anordmung.
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Dig Aufiragung dar prozentualen Anteile dey Beugruppei
gawichte an Gesumbgewiche zeligl surnsichat jw Berelch

von 16 = 3% ¢ cagen dag Abnohmong deg Pro-erninntceiim dew
Aupristung oin Absipken des Ristgewichtuanteilsg denn niewt
aber des prosentuale Antail der Zaladung am Gesa~tgewicht
stetig ab. (3. Blntt 8 )

Die Zunahma der Prosentanteils der ip ihrem Qewiohé
8.7, durch statiache Bsangpruchung bestizmten Baugruppen
findet eine einfache Erklérung in folgender Uberlegumg:

Bei konstanter Fl¥chanbelastung wnichst dag Cesamfgewicht
ait dem Quadrat der linsaren VergriSeruag, wehrend dile
Cewichtasnteile nach Art & der Baugruppem bai dem hiex
quadratisch sunehmsnden Huleren lLastexn chia Perieksichtigung
einas Binfluswes durel das Baugruppeng? isht seldet nach
dem Ahnlichkeitsgesets der Festigkeitslehre wit der drittea
Potens ateigen, Deakt mon eich die kcastrukiiv bedingten
Gewichte ( Art J ) odemfalls mit der dritten Petens ver-
iindert, 8. wilrde dae Ye hilitnis der Nsugruppengewichte

zum Gegantged ch§ = alse der prozentuale Amiail ~ mit der
linesgren VergriSexrwung sunshmen miissen,

Per Einfluf des Bigengewlchée sufl Jdie Beanapruchung
und dos Anwachisen der konstr ktiv beiiunglen Se=lchts
varinders die phan festpsatellie Gepthalfiskelt.
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. Binfiuf wvon Entlistunges auf dsm Bugowichd,

Bira ei:zeneriers Besntwortsog diesser FPragen 2recheint
als Pazallele zur punktweisen Cevichtsberschuung, sor Cllremg

Gew Zinllurace voa Smilastungsm mod Yerindsmumgpesz der Flfiad-
streckung el sonst gleichdlefbendes Vorsusestsungen und
schlieflich sur Prage mach einem adsoluten Eazisom der Bw—

ladung und dac't nach einer Cremse der Flugusuggriie gobetea.

Bin GCesets ‘fir die Anderwag dor Beugruppergewichie el EZhn-
licher YerzrSherusg des Tlugmsuges wmter den gogebesas Vorswe—
setsungen (s. Blatt 4 ) wird flr das Tragwerksgewiokd
eraittelt,

In der allgemeinsn Formt

S
6 - = k ' G rr.

ait demn Ausgangs-Tragwerkagevichh ‘b
*

wnd Bit dea limearea VergriSerungsfakter X
wire ¢l den vorhergssannten Einsohrinkumgen
die Potens 4 = 3 (s, Mats te Yo

M1 Beridckelohtizemg dor Barilastung vom Zigeagewicht wnd der
ebanfalls 3£ der Vertailumg dar laftlast Bhnlish assusetass —
den Cewiehte voa Fiishealcitessh mid Steuerung vird die Fe-
tens A von ¥ abkdnglg wad verlEuft nach Birve | s

Buar sinfacheres Irfasswag Cor Bstlostmmg cureh Einselguricate
(2.2, Frisvearkmnlegeat)verden sile in gleicker Jrfe chow
als der Leftlasgt Tbmliche vertsiite Belastung angeesist,

Bet Srpodflogasuges wit Der Samrreite vertellise 7riobeeiion
anlpgen ist dis Toreisfuchimcg wshy berccR’*Je sls vai alvie~

4
B s e e e n - . ). - e 3 3 P 3 i ]
Migeengen =it =Sxnigen 4o Mbhe Loz Fiferiscazhivescs wiienriod

pseten Tricbsmrissanlggan,

3
e s m ol e s e e e e A i & i
)

5;31.*.*. :
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it ainschluB isr Triebwerkasutlaatung verliuft a (K)
nsot Kurve b, In Firklic'reit gert alsc &« zit wsehuvndem ¥

n )
von s nazh ‘b Lher.

Fir einer Aumgsngasustands G. “ 15 ¢

b =22 m

¢
sind iis Pragwerkegeri ite ali den -2rszhied2nen Entlastungs—

; 2

G,/F = 250 Xg/m
iber ez linearer Vergro—
1213,

einfliesen fir die gegebenern Voraussetounger
G/ = 5,8 zg/FS  and A = 7,5

Aarinrafartar ¥ anfreatrazen [n. RAlatt

Die fUr das PTragwerk nach dez Ahslichke.t:ageseti ermittells
FPunktion .« (k) pit dor aus der 4m 1 wnd 2
dargelegten punztweisen Bestimmung von Beugriprengewichien
sich ergetenden Funxtiom M (K) lberein,

stiant gut

MNir die Ubrigen Baugrurrea ist 4ie Aufetellury das Gesatses
m (X) nioht durcrgefinrt; die Abhhngigkeit ergibt sich aus
dar Auftragung der pnach 1 und 2 er=ittelten Baugruppengewichig

Uber (k) uad Pestelluns der Poters M nachs

Die Kenmtnis der Paukiiom m (K) fir die ein R.stge=ichs
tildendor Imugruppss ermiglickt nun, ohne suf elnr pun. te
weivse Ermittlung vom Cewichtem sngewieser zu ssin, bel KEhne
licher Yergriberumg osines Ausgangsflugseugs #ing gsexetaniBige
Meratallonse von Sevichtakrdermnean < inabesardears Aie Hred S
Jang der SrBfenordr=ag der Zaladung flr eine delieligs FYlugseng
axihe wad den MmfluB der Verindsring der Fligelsirackung au?f
dss Tragwerksge=icht und 1 ait zaf die
atreckemge-indsiung sar Erhaliueg der Fliahezbclaetung bet

glsticher 7irsbe vnf Xieiohsw LewicCht YOrgeo(meen wirdg uni go-

Saladrnae, 18 dic Flugele

mit 4i=z Nehrgenichy ie Pragwerk auf Koetan der Z“uladung ~eh%.
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s WNIF Ui il :-.r:_l__"u.ni; 1t oder FPugirugsonfs
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red FArfinf Jan Tadsopr 2001400 Llg Seld

o L ws oAb Luluuungy

FUr Jie Abnijche ¥Vergribsrung sinea idurgangs-Plugs uzy vem
g, = Wt b, 22 m bel gleicbar Plhcoen- und ioisturge-
beiaztung sber einsr is Beseich Yo A=7,% bis Ae 12,5
varanderten Fllgelatreokwng »is etwa sum %-fachem der 1ime-
aren Abeessuagen kiansn die FPotanszen A i= Mittel sls kom~
stant angweshan =srden. (Terglaiohs m(¥) fir das Tragwerk)

Es ergeden sioh fir dis Bauvgruppsa folgends Potensen ves A

{‘

riebwerk 1,80
(ehes Bohilteranlage)

Romp fwe rik 2,%8
Trugwerk 2, T8
Los teark 2,%
Fubreerk 2,45
Sqrewarang 1,18
Lusris tumg 0,0¢

Bor Rinflud ven A suf & ist flUr dicse Betrachtumg
Y02 umleriecridsstar Bedeutung.

Aas dsr Claiechmyg:

“midg. " “start " Smgtgeeiont

eder
g e b ere ™)
“taidg, T e 1K T oLl 0N

ergiht #ich dis fmlsdumg Sder ¥ wud daumit tsar des Start-

eo=inkt T, vese-bhiedens T (USR] BT PR, o s

o e tme
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Ha B liasvuy srmeisle rin Emviems 1n4 hevronwid camii die
Alugssugarite bei éam gegebacen Torvasssiswsigen jo Peeh
Fligelatreokmng im Borsieh A = 12,5 ~ 7,6 auf eins Owdfen
CTRRRTT Tom aow = 5w ¢ CFas tRUVLGmr &8 o—w"
a2tk 1€ 20ig% den Prossntanielil der Zuladumg Uhar dea
Srartganichke) o7 Betrigh im Bereieh do- Tayiweme otum 20 ¥
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3¢ Yergrifcrung der Zulnduag bei gleichen Bru~-
gewioht duroh bastverteilumg ibar die Sponne

yeolte,

Die biaherigep Brtrterunsen iibar die kndemwne won Ranoauichtan
bei Flugseug-VergroSerung und iiber die sullissige Zuladung
galten fiir zentral angeordmestes lastan,

Bel der E5glichkeit einer giinetigerdtn Verteilung der Zula-
dung, z.B. des Xraftstoffanteile liber Spannweite knnn dis
Zaladung bei mur geringen ErhB8hungea des Baugewichte erheb-
l1ch gr8Ber seinm,

Einige recknerische Untersuchungem seigen, daB die Vereini ung
vom 2 Verwendungssweckea in einemn Plugzecg miglich ist, wemn
die sur Mauptsache asus Kraftstoff bestehends Zuladung GOber
Spannweite verteilt wird und beim Ausfliegem der Behilter die
Beihenfolge von innen maoh auSen eingshalten wird,

Die beiden werwchiedenen Zuladungen entsprechsn folrrnden Vere
woandungasweckens

" Startgew, Beugewioht ges.5ul, !lntlll.t Kraftsstof?
' t 'k R [ t

Yorwenduug

e 1

Trazsporisr 93 318 2e¢ 17

[

69

-l
‘I
)]
\*L]
wit
-}
A¥ 1]

Flanroeifar-

Yergleisgh der Beanspruchungen in belden Veresndum; ocwecksn,

Die lga¥vielfoche ergebsn alch bei gletchsr Geschetnllghs1s
1n beiden Tarwendiun sireckwm fur den Bereisk der Hluggewichite
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i
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vor 3tazt bis zur Landang bei vell aeegeflogemen Traft-
stof{ mob den Avfongfall im Sgr, E'S und dom Blexfull
{s.50,99 )

Blo Luftrugung der mafigedlichen Umerkrifte wnd Hogeme-~
peate dos Tragewerks ftr deide Vorvendmngesvechs selgen T8r
Torvendungosweck 2 gegeniidor t ia der Blojung one Plegfilles
eine evbidbte Sesneprvchang im AcSeadervieh 2450 Trageswke end
hlummmmmmmuts-t
I © beim Slartguricht vem 130 § oine Srslishe FRhrbesncprechung |
in Bereich dor Lagevumg des mnmh.n.w

Dor suaiitsliche Tarventongeeweesk 2 fardert gagetlver 1 im
Tragwerk scr MLM Beargoviehé. -

“7 . Ihaliche Ergetnises exgsbea sieh Fir 442 310 aiher Uargs-
~ Iwww

Adechlichend kaaa femigestsllt werdem, €uS oine Desintrictbh’
tigung der Leictungea 4ec !mnufbu l-’“‘lﬁa M-if'
ans Ocwichisgrimien xicht ‘vorbandes 8%,
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1. Optimale Raichweiten ls Funltiom

2

b
von[cwp + cw] und F°

Bazeichnungent

o 9 o 4 K
2

€
u
o

[}

"ﬁgﬁ'ﬂﬁ th_P
[}

o D
4
q

3

e 3 7w
[ ]

Reichweito
Geschwindigkeid
Zeit

Flygdauer
Gewicht
Startgawicht
landegswicht

Cgt + Eﬁ

2
lLeiatung
Miche

¥lderatandaflMche(Rest + Profil)

Induziarte Wideratandsf.Eche
Beiwert des Restwiderstandes

Beiwert des Profilwilderatandes
Deiwert des indus.¥iderstiandes

Lurtdichte

Brennstoffeinheitsverbraunsh
Spannweite
Sahraubenwirkun. sgraf

Spes.Cewight das Kraftstoffes

V81ligkeiteverhlltnie

in lom
in u/see
in ses
in 5ed.
in xg
in kg
in kg
in kg

in P8

in .2

in u‘?

in -2
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arsiht sfeh sin Oriici des YeroklTninsng

AR unter der Badig.mmg, daf
) 2
a
Fwa - ?wi “ “f °(%) 3)
188y d.ho withrond der Dauer des Fluges ms nit demselben

o ~¥ert gefloson werdes. Daraus ergids sich die Pluggesabwin-
digkei$ als Punktiom des looentan.Gewislts o

+ T
Y= B ]
Mt diesem Wert ergsden die Besishungez 1) und 2) die
optimale Reichweite my

[
("))

R=-239-L. :;[ﬂg’ 5)
7 Yerton " Gu
In con Kurvenblittern 25 wald 36 sind die Reiahweiten fiber
dex Verhiltnis %3/ @5y wmit op U2 o, als Paremeter der-
gestelit, wnd wwer fir die Seitenverhifltuisse To58 85 te3 12,
In Knxvenblats 27 1st dae prosentuale Lgtiahm der cptimaien
Beichweite ibeayr dan Saitenverhltnis g sulgairurem,
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unl Ciht & dem =ifFlars YorhEliniz der S 0k
unterbrinpung =m¥glichen Querachnittsfllode sa der dem Frofil
urschriebenen Bechteokaflisha dm.tm an und becslcioed

dar spezifiocke Cewioht das Kraftatoffes, so 16% dis Eleinet

abglioke Plugseugflliicko eir: Purtdion der Reiokwrite,

wfgh -

’MF&f,

2+ Eeichweiten beli konatantem o.-hrt.

Dax Erfliegen der eptimalen Relchweitem wizd praktisoh aieht

- Qurchgaflhrd werden wigen der erfordarlichen danerndag Bogo-

lung dsr Motorleistumg. Wmhrscheinlich wird ilder e ineme linge~
ron Zeltrsum sntwsdsr mit komstsatsr Drosselumg sdsy komsten-'
ter Seschwindigleit geflogen werdsw,

Do jedosh vem Optiumlwert umathingig in der Reichwe!tenbegtime
wng su werdod, kana san vorauseetsem, daf dde Flugstreaka

wit vines Paliebiges konstantem & -»In't durshflogon wisd,

Des Vorhilinis 4des gewihiten o -Wortu sux optimalen e «-ﬂnrt
wird mit d boseichnetd,

he i— 3)

Diesar Worh O cobt mam bei Soschaindigieil, Belubweile, We-

tetielatung vl FPlugdsaur in folrender Fove oim:
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fu ®eath 3o iat der Fucvenverisuf vbev e rufretra-on, Ben
srisnm¥; doi) eine weseiniliche Varbeuseiuag der Ceeenwimdigkeit
vred Plugzefd nur eine unbsdentende Verachlachterung der Beiob-
walte sux Yolge hat,

Vargleichsrechuungen zeigten eine gute Ubereinstinaung der
Reichwaiten bei komstentor Geochwindipgkelt wit den Reichweitem
bali konsianten 0,; wenn der e.-l'tﬂ der Rechmung zu Orunde
gelsgt wurds, Gex bei °¢ ein v ergab, das deor konstantsm
Gecchwindigkeit entsprich$y und wena daa Brennstoffgewicht
klein it im Verhéltnis sum Stmrtgewich$, °

Jo HEsichweiton bei komstantar Ceschwindigkeit.

Bei vorgegebener konstanter Cesohwindigkeis$ kann die Beied-
weite folgendermaSem bestinamt werdeng

Die erforderiiche Leistung setst sich susamzen @

1. aug der Laintusg sur Ubervindung des ?  ~¥ider-
stondss, die unabhlinglg voe Cawlsht ilf, slao Uber
die gonge Flugstrecke kxomstant bleibt, .o

2 3
75? r"' L4 ? ¥ s "- !)
2. Aus deor Leistuag zur Mervindung des induzierten

Wasratundens l"l, die vom Cawiocht abhinglg wm! Adadtas
tter die Flugatrecks variabsl ist.

g .3 2
5 % § ® o ¥ L, F .= G/n 2}
K ?W‘l 2 wi }m‘g ¥V
Aus, der dewichlstolerung fitsr Jer Zoike E
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Ausflihrungabeispisl B in der Transporterausfilrung. Dagepen
1:t die Durehbildung des Lastenraums voraussichtlich ein-
facher. 4ls Fernbomder chne Los:emraus ist cr aercdyna-
misch etwas besser als Ausfihrun.:sbeisplel . Eine yjervehte
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