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Abstract

The reduction of weight is an important issue that all
of designers have a noticeable focus on that .In this
paper we have determined the effect of other aloys in
airplanes structure as one of the most effective ways
of reducing the airplanes weight.The most focused
thing in here is that ,witch part of airplane is going to
be made by other aloys .For example if we use
composite inwing of a80.66 ton transport jet instead
of AL ,the reduction of weight would make its weight
about 75.9 ton . other syntaxes are calculate as the
result. But we can not calculate these numbers for al
airplanes . so al of the results of weight reductions
are calculated for a 80.66 ton transport jet that is
designed for bringing about 186 passengers to the
range of 4000 km. since this kind of airplane is one of
the most produced number in transport jets(for
example A320),it can give a good preview to the
designers of these kind of airplane, to select the type
of alloy and the type of syntax that this alloy would
be used. But the speed of calculationsin the first step
of airplane design is important ,too.so we our method
of calculating isas short asit can be.
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Introduction

In recent years the using of some new aloys like
AL/LI  or using new materias like composite is
going to be the first select of designers to reduce the
Wight of the air plane . dal of these attempts are
because of reduction of fuel . because as more as we
reduce he structural weight of the airplane ,we will
reduce the weight of mission used fuel too, and it will
be the Couse of saving money that many of airliners
are interested in.so there is a wide vision of designers
in using new and light materials.In this paper we have
used a simple method for estimating the reduction
weight of an airplane that is going to change its
meaterials to better ones.

Calculations:

The estimated weight for a 186 pax transport jet is
about 80.66 ton ( calculated from refl) was for afull
ALUMINUM structural air plane.

WEIGHT COMPONENTS

Before the calculation of the amount of the reduction
due to the new material using , we have to know that
any part of the airplane has which fraction of
airplanes Wro( maximum take off weight)AND

street

We(empty weight).To reach this goal ,we use the
(reference 2):

To know that any component of air plane has what per
cent of the Wro we should use the nearest group of
airplanesto our air plane in appendix A at the end of
thereference 2 . then we will use the average of these
planes components fractions to the Wro.

Here we do the same way for our air plane like
example2.2.2 of reference 2 .

our weight values for this airplane were determined as

aresult of the preliminary sizing performed in refl.
These weight values are summarized asfollowing

Win 80,66 ton—177855.31b
Wy 42931 Lon=2669 1710
Weay 181535 wn=32987.6751b
W 153098 tan—40.3731091h
W 0,577 ton—1933.785lb
W, 0.4033 an—8892.27651h

Table 1: weight values calculated from ref1 methode

It will be assumed that GW=Wro for this airplane
.This is consistent with the data in Tables A7.1
through A7.5 from ref 2.

For easy reference the airplane will be referred to as
the Ourania,(the name of the Greek Muse of
Astronomy .

STEP 2:Tables A7.1 through A7.5 of ref 2 contain
component weight data for arplanes in the same
category as the Ourania .Specifically the following
airplanes have been comparable sizes and missions
McDonnell-Douglas DC-9-30 and MD-80, Boieng
737-200 and 727-100.

STEP 3:For reasons of brevity , only the following

component weights are considered.
Wing,Empennage, Fusel age,Nacelles,Landing Gear,
Power Plant, Fixed Eqpmt

STEP 4. The following table lists the pertinent weight
fractions and their averaged vaues. Because the
intend is to apply conventional metal construction
methods to the Ourania, there is no reason to alter the
average weight fraction.


http://www.sid.ir

Mebonnell-Douglas Boeing Qurania

DC-8-30 MD-§¢  1371-100 737100 Average
Do PIL/GK 0,076 0,018 0.071 0076 0,076
Pix Bgpfgd 0173 om0l 0,139 0,15
Empty Wht/CH 0,536 0.564 0,521 0581 0.5
Wing Grp/éw  0.106 0,011 0,092 0,111 0,103
Eup. Grp/ei 0,026 0,024 0,024 0.026 0,023
Pus. Grp/GW 0,105 0,115 e105 0,111 6,109
Nac. Grp/G¥ 0,013 0,048 0.012 8,004 0,016
Gear Grp/GH  0,83% 0038 0,038 0045 0,040

Table 2:fraction of each component to GW for our same
mission air planes

Note that the ratio of the We/GW witch fallows from
the preliminary sizing, is
:94669.47/177855.31b=0.532.This is amost close to
the average val ue of 0.544 in the above tabulation.

STEP 5. Using the averaged weight fraction just
determined , the following preliminary component

weight summary can be determined.

turenia

Component  Ficst welght Adjustmeat Clazs I ﬂgsa I
eatimate weight weight
(alur.} (lifalum.}
lba lha ibs lba
Wing 13,338 +329 13,664 12,298
Empennace 8,175 + 78 1,243 2.928
Fuselage 15, B42 +341 14,184 11,768
Hacelles 1,082 + 5D 2,082 1,874
Landing Gear 5,080 +115 5,308 5,208
Powar Flant 9.6352 +119 9,851 ¥, 801
Fived Eqp. 19,88F +4 86 20,171 20,171
Enpty Wht 64,502 +1,648 €5,450 65,133
FPayload 30,750 30,750
Crew 1,021 1,025
Fual 25, 850 25,850
Trapped fuel and oil 928 s2s
Take-off Gross Welght 117,000 123,633

Table 3: the example of reference 2

But if we combine these two tables(2,3) we will
reach the following table for our airplane with
W+0=80.66 ton , our weight components would be
asfolluowing table:

wW/Wto | W/We First Adjustment Waccurate
weight
estimate
PWR 0.076 0.139706 | 6.1332 0.073948 6.207148
FIX 0.155 0.284926 | 12.5085 0.15082 12.65932
EQP
EMTY 0.544 1 43.9008 0.52931 44.43011
Weight
WING 0.105 0.193015 | 8.4735 0.102165 8.575665
EMP 0.025 0.045956 | 2.0175 0.024325 2.041825
FUs 0.109 0.200368 | 8.7963 0.106057 8.902357
NAC 0.016 0.029412 1.2912 0.015568 1.306768
GEAR 0.04 0.073529 | 3.228 0.03892 3.26692
sum 42.4482 0.5118 42.96

Table4: OUR WEIGHT COMPONENTS

Litium/Aluminium (LI/AL) ALLOY

Asiit is shown in table 9 using of li/a will decrease
the ammunt of wing ,empennage,fuselage nacelles
about 10 percent . so we will do the same way.

But as reference 1s says , (page 18 of reference
1),when we want to calculate the effect of using other
materials instead of Aluminium in an airplanes
structure , we have to change the We aLLow that have
been calculated from equation 2.16 in reference 1.

So first we have to know the decrease of allowable
value of We (WeaLLow) toreachthisgoal.

If we multiply the w/we fraction (from table 4), by
the per cent of the components weight decrease(ten
percent for lial) we will reach the reduction of We
aLLow that we call WeaLLow accuraTeD.

For example for finding the per cent of decreasing We
aLLow by using the li/al instead of AL in the wing
structure we will have the fallowing way:Reduction
per cent of WeaLLow=(W/WEe)x0.1=0.019301

Other reduction per cents for using li/al instead of Al
are asfollowing:

Reduction per cent

of 1i._‘-']_;, AITOW
WING 0.019301
EMP 0.004596
FUS 0.020037
MNAC 0.002941
sum D.046875

Table 5:Reduction per cent of We aLLow

But itsimportant to know that the reduction of

WE aLLowdoe to the using of al/li instead of
ALUMINUM is not executed in the weight of Other
components as power plant or landing gear.

The note is that we can use the li/al in the airplane in
several methods. For example we can use this aloy in
wings structure alone or We can use it in wing and
fuselage together (wing +fuse).Hence when we design
ali/al (wing+fus) , the reduction will be:

Reduction per cent of WeaLLow = reduction per cent
of WeaLLow by using li/al wing+ reduction per cent
of WeaLLow by usingli/al fuselage

Hence :

Reduction per cent of We

=0.019301+0.020037-01039858

Hence the reduction per cent of other syntaxes are as
following:

ALLOW

wings whge |WINGF |WING+ |WINGF |EMP+ | EMP+ |ENP+  FU
M NAC |EMPHFUS | EMPENAC |FUSHNAC |FUSHNAC |FUS  [NAC  MAC
0027 [NRGR | 00220 0043634 u.ozesas‘ U9 Q0TS 02463 10077 0012978

Table 6: Thereduction per cent of other syntaxes

By using this reduction per cents we can find the
reduced We acLow (WEeaLLow accuraTeD) dueto use
theli/al instead of AL in related method of using the
aloy.

NOTE:An example of reduction in using full
AL/li(full = Wing +Empennage +Fuselage +Nacelle)
isasfollowing:

Reduction per cent of WEe aLLow= 0.046875

So when we guess a Wro , the WEe aLLow that is
calculated from equation 2.16 has to be decreased
about 0.046 per cent and after reduction of this We
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ALLOW the reduced WE aLLow has to be equal to We
that is calculated from fuel fraction method .

Hence : WE(ALLOW) after using A/uALLoy  (for full li/AL)
=(1-0.046)x We(aLLow)

After trial and error we will reach the amount of
73.43 ton for Wro that it will result Weaiowrun
Aluminium structured=39.21844 ton and this amount will
result WeaLLow) after using AL/uaLLoy =37.38007 ton from
above equation, that is nearly equal to WE from fuel
fraction method=37.38224ton (by just 2 kg error) .

Here we have calculated the reduction in each
method of the using of LI/AL instead of AL in the

structure:
Ww W We Waaow) Weswos
fremfue aheruing Ful
Aluminium
factin  AYUAUOY
method
WTO[FULLLIJAL) 7343 16.66861 3738224 37.38007 3021844
WTOwing lifal) 7152 17.50704 8052336 40.52266 4132018
WTO[EMPIial) 7080 1813503 4134352 423007 4253617
wro{Fusiifal) 774 175608 804312 40.43189 4175857
WTO[NACIifal) 3007 1810850 4255856 4LSSA2 4267975
WTOWING+EM ifal) 768 17433 200704 305719 4095040
WOV ING+RUS ifal) 745 160115 38204 3820425 3075860
VITO{WING$NAC) 705 1749035 400624 6016515 4107887
VIOV NG +EVIP=FUS) 780 1676168 37.60712 3760703 3042032
VITO{WING+ENNAC) 7634 1732018 3G 06255 4071424
VITO(WING +FUSHAC) 741 168307 374968 3783031 3055302
VITO(EN<FUS+HAC) 7623 1730421 3053264 3053661 H0.65774
WTO[ENI-FUS) J67 174100 308936 089071 4080014
WTO(EN-NAC) 74 180238 MO6T2 MLDEEIR 4223438
WTO[FUSHNAE) 7605 1746765 400856 AD.0RIT0 4102752

Table 7:The reduced Wro in each method of using the
LI/AL instead of AL

COMPOSITE .

Composite is an other selection of modern airplane
designers that is daily developing in al machines
.Here if we use the composite instead of ALUMINUM
, We can use the component fractions found in last part
but some of other component fractions must be found.

For finding the ratio of surface controls to We we can
take the same way of finding the ratios of past
components .so we use the table A7.2b of reference 2
in the same way.

The ratios that have been taken from the table A7.2A
AND A7.2B areasfollowing:

Taklm AT.2a Ocoup Welght Dukd foro Jab Yo abaposld

Ty g Bocing Adrbus.
- TAT-2HM PAT—MGH  F4T-100 R-300 B2
Suabet L O£ eOTinest a a 4 z
Welght Item. Ibo
Wing Group To.413 1T, Tes Ba, 40z 44,181
ernage droup i.71m 4,233 11_ms0 EMTTY
Fucelage Ornup 1,108 1T 8M1  T1, 443 a3 820
moslle Group 1l3pz I, 470 10,451 T oA
Land. Oesc Qroon 4rasa o211 FilazT 13 611
Nome Gemr
Main SeaT
Akrnctuce Totsl 1,283 su.gas 211,533 106543
§.2L7 s.32%  Ad.130 16, AzE
Exhauak and Yheuol—
rivarecr Eyatom [T 1. T4 6,433 4.0m1
Ale faduct. Syotem a a o o
rucl #vote a7s 1,143 1.323 1,239

-
Tropulnlon Inmtall.
rowsr Blant Total

Awioniom + InetIum.
TE: Conkeola

Fized Suuipm't Total
Woil® Mero
Max. Puoel Capacity 34,718 am, 353 331, 5TS TE. 312
Hawl Baylosd 347720 19,700 lag.uwoen P

*Thclodus pressucizablon syeias

Table AT.Zh Group Weight Data for Jet Tranaparts

Type Boming Al rbus
T37-200 727100 T47-1D00 AdDO—BZ

Flight pDesign Groea
weight,. GW, lbe 115,500 160,000 Fie, 000 02,000
Struckure/Gw o.230 G.317 0.2p8 0,353
Power Tlant/Gw 0.07T1 0.07E 0,062 0. D76
Fixgd BEguipm't/SGwW o,.129 0.133 o_oag 0.116
Empty Welght/GW 0,571 o.532 0D.498 a.axg
Wing Group/GW D092 9.111 o, 122 D, 148
Empenn. Group/ow 0,024 0.016 o_017 o.020
Fuzelage GroupdGW 0,105 0_111 S.101 0.13%
Nacelle Groupscw C_D1Z 0.0z4 G.014 0.028
Land. Gear Groupl/Gw C.038 G.045 Q.n44 0,045
Take—off Gruss
Wht,. Wy, lbs 113,300 160,000 Fio,0D0 302,000
Ergty Welgbt.

1lba 60,210 vE, 300 53,308 163, R05
wWing Groupfs, par 1o.8 1o.4 13.7 15. 8
Eng . Grp}Bemp. peE 4.9 5.6 5.3 4. 8
Tltimats Load
Factor, g'o 2. TS5+ 3_T5» 3. Ts™ A_735=
Surface Aress., £t
Wing. S 280 1,700 5,500 Z2.Te®
Beriz. Tall. By azr ATH 1.470 TAR
vart. Tail. &5 233 a5E =30 4 57
Eopenn. Area. Sem 555 TEZ 3,300 1,335
*ARsumed

Table 9:the information’s of table A7.1 and A7.2 of
reference 2

NOTE:FROM NOW WE NAME THE SURFACE
CONTROLLERS (FLAPS, SLATS, ACCES PANELS,
FAIRINGS)AS SURFACE.

We have to multiply the fractions of components of
table 4 and table 8 by the (1-fraction) of the table
2.16 amounts in reference 1:

boing 737- 727-100 747-100 |Airbus  AVERAGE Weight Reduction Data for Composite
200 A300-B2 AEENNEEREES RS NEESEESRREEEEEESSEEESERSEREESSSEE
Construction
SURFACE 0.15772] 0.14078 0.11077]0.165692 0.14374] S
CONTOLLER/FIXED Structural Component Wcompmmetal
Fuselage 0,85
Wing, Vertical Tail,
Table 8 Canard or Horizontal Tail 0,78
So ratios of surface controllers and furnishings to We Landing Gear 0,88
would be:
WEIGHT OF SURFACE CONTOLLER WEIGHT OF SUR Flaps, Slats, Access Panels,
o - W1 Fairings 0,60
W Interior Furnishings 0.50
1) Air Induction System 0,70 - 0,80

Table 9
WEIGHT OF FURNISHING WEIGHT OF FURNISHING W FIXED

W B W FIXED

x = 0.1340932
We
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So the reduction per cent of Wt would be as

following:
COMPOSITE PERCENT
COMPONENT OF
REDUCTION
OF We
FUSE 0.030055
WING+EMP 0.059743
LANDING GEAR 0.008823
FLAPS, SLATS, ACCES PANELS, 0.016382
FAIRINGS(SURFACE)
INTERIOR FURNISHING 0.06746
SUM 0.182463

Table 10: PERCENT OF REDUCTION OF Wo¢efor
eachcomposite component

Hence if we use composite for these components the
entire reduction of We would be about 18 per cent .

Note :for finding the components weight fraction
we have used the same way that have been used in
last part for LI/AL alloy.

If we use the composite instead of Aluminium the
reduction fractions are as fallowing:

WING+MP+LANDING GLAR 70.4 15.996 15.116 35.114 37.639
WING+EMF+SURFACE 69.5 15.776 34.3641 31.363 37194
WING+EMF+INTERRIOR 63.5 11411 29,756 23.7559 31,097
FURNISHING

WING+EMP+LANDING 68,4 15.52G 33.526 33,520 36,632
GENR+5URFANCE

WING+EMP-+LANDING 62.5 14205 29,049 20,047 33.621
GEAR+INTERIOR FURNISHING

WING+EMP+SURFACE+INTERI 61.8 14.030 18.458 28.452 33102
OR FURMISHING

WING+EMP-+LANDING 60.9 13.8M 17.759 27758 32751
GEAR+SURFACE+HINTERIOR

FURNISHINGS

LANDING GEAR+SURFACE 765 17383 39,801 30.308 40.837
1ANDING GFAR+INTFRIOR G094 15374 34350 34.352 37.1R9
FURNISHING

TANDING it | 32738 15.31 327389 36137
GFAR+5URFACFHNTFRIOR

TURNISIIING

SURFACE, INTERICR 6E.5 15.554 | 33.611346 33.61 36.6895

FURNIGHING

Table 11: the reduction of Wto in each method of using
the composite instead of AL.

The diagram of mission fuel fraction of some types

areasfollowing:
For full Composite AIRPLANE:

METHOD Wiy | wy We W Wipniiuw)
A ow] Full
amrusne | Aluminium . wo
——— structured 1 Enging Stat & Warm Lp |-1_1 Uy Sad ST TAUES (1.28015
WTO(FULL 58.03 | 13.17281 25.55504 | 25.5582 | 31.26367 Wea
COMPOSITE) 1 Tax: H;_qu STTMES STISME
e
FUSE 75.9 | 17.2293 39.279% | 39.27133 | 40.48821 3 Telkeol E . $T16M 5687664 D2RSELY
W
WING+EMP 71.65 | 16.264855 36.0152 | 35.01412 | 3B.30241 4 Climh L SedTaed  SSITUSE  LT0RM
o — WAy
i,
Ianding gear 79.2 | 17.9784 41.8136 | 41.81009 | 42.18229 i Ui o SLITOM ATAS26F TGS
6 Loiter W 1133268 ATA151 0TI
FLAPS, SLATS, 78.01 | 17.70827 40.89968 | 40.89067 | 41.5717 o =098
ACCES PANELS, :
FAIRINGS(SURFACE) 7 Dot B SIS0 deadd0d D47LIS2
[
INTERIOR FURNISEING 70.| 16.03 [ 35221 3522 37.77 8 Fly Ta Alternzte & Daeat % hon LG 194313 1.212715
=N
W
fus+wing-EMP €7.8 | 15.390 | 33.058 | 33.056 | 36.318 9 Landin, Tawi & Sht down N 180313 450878 036345
! W
ING G 5.92 3 3 :
FUSE+LANDING GEAR 74.5 | 16.922 | 38.212 | 38.247 | 39.791 | Tanle 12:Full Composite AIRPLANE calculated
1UST+5UR 735 | 16.684 | 37.436 | 37.431 | 3922 infor mations
1AC
FUSE1INTERIOR €6.8 | 15177 | 32.336 | 32.338 | 35.833
FURNISKING
1USL+WING+LIM Rt bl Lo B Ge 235 32 Al ShihG -
ok students of amirkabir university of technalogy (polytechnic)
FUSE1WING 1 EMP BLH | 14457 | 1.5/R | 31577 | DL
SUREACT
FUSE+WING+EMP+INT 60.4 | 13.713 | 37.382 | 27.387 | 32.497
ERIOR FURNISHING
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FlyTa Alterrzte

Landing,~

Figure 1:fuel fraction diagram of full composite airplane

For fullLI/AL AIRPLANE:

* Eagitc St & Wurm Up

2 Taxi We oo TN TL30267 07308
i
", nfE H.’ 971 - 7 i -
3 Lake-off W ges 2 267 194116 (1361513
W,
i Climb % i L0416 6078202 2.158233
Wi
H Cruise W, = 6975292 £0.5017Y 4281124
— — 06T
W
] Laiter W e BILEILTY 959427 147527
W,
Thoumi W 5980427 TROORIT 0805043
il 7'_0,99
Wy
] Ly U Alterate & W oo 5499517 ST4p437 1553456
Drvent W, i
] Landing , Laxi & Skt Wy 5746437 STANE 1.259715
— - 0992
i i,

Table 13:Full LI/AL AIRPLANE calculated
infor mations

Figure 2:fuel fraction diagram of full LI/AL airplane

Result :

In the first steps of design the speed of calculations is
an important problem and this paper provides a wide
view for the designers those want to know the effect
of changing the material of airplanes structure rapidly.
For example the designer of a transport jet similar to
our selected transport jet can decide that by changing
thewing from AL to composite and the fuselage from
AL to LI/AL alloy how lighter weight airplane it can
result. So this paper can give good wide view to this
kind of problems.

References:
1:1985-Airplane Design Part | Preliminary Sizing of
Airplanes-1st Ed.-J. Roskam
2: 1985-Airplane Design Part V Component Weight
Estimation-1st Ed.-J. Roskam
3:2013-Aircraft  Design

A Systems Engineering

Approach-Mohammad H. Sadraey


http://www.sid.ir

