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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 alloys  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 alloys .For example if we use
composite  in wing 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 all
airplanes . so  all 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 calculations in the first step
of airplane design  is important ,too.so we our method
of calculating  is as short as it can be.
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Introduction
In recent years the using of some new alloys like
AL/LI   or using  new materials like composite is
going to be the first select of designers  to reduce the
Wight of the air plane . all 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
materials to better ones.

Calculations:
The  estimated weight for a 186 pax transport jet is
about 80.66 ton ( calculated from ref1) 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 WTO( maximum take off weight)AND

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 WTO we should use the nearest group of
airplanes to our air plane in appendix A at the end of
the reference 2 . then  we will use the  average of these
planes components fractions to the WTO.

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
a result of  the preliminary sizing  performed in ref1.
These weight values are summarized  as following

Table 1: weight values calculated from ref1 methode

It will be assumed that GW=WTO 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 airplanes 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,Fuselage,Nacelles,Landing Gear,
Power Plant, Fixed Eqpmt

STEP 4:The following table lists the pertinent weight
fractions and their  averaged  values. Because the
intend is to apply conventional metal construction
methods  to the Ourania , there is no reason to alter the
average weight fraction.
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Table 2:fraction of each component to GW for our same
mission airplanes

Note that the ratio of the WE/GW  witch fallows from
the preliminary sizing, is
:94669.47/177855.3lb=0.532.This is almost close to
the average value 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:

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
WTO=80.66 ton , our weight components would be
as folluowing table:

W/Wto W/We First
weight
estimate

Adjustment Waccurate

PWR 0.076 0.139706 6.1332 0.073948 6.207148

FIX
EQP

0.155 0.284926 12.5085 0.15082 12.65932

EMTY
Weight

0.544 1 43.9008 0.52931 44.43011

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

Table 4: OUR WEIGHT COMPONENTS

Litium/Aluminium (LI/AL)  ALLOY
As it is shown in table 9 using of li/al 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 (WE ALLOW)   to reach this goal.
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/WE)×0.1=0.019301
Other reduction per cents  for using li/al  instead of  Al
are as following:

Table 5:Reduction per cent of WE ALLOW

But its important 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 alloy in
wings structure  alone or We can use it in wing and
fuselage together (wing +fuse).Hence when we design
a li/al (wing+fus) , the reduction will be:
Reduction per cent of WE ALLOW = reduction per cent
of WE ALLOW by  using li/al wing+ reduction per cent
of WE ALLOW by  using li/al fuselage

Hence :

Reduction per cent of WE ALLOW

=0.019301+0.020037=0.039338

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

Table 6:The reduction per cent of other syntaxes
By using this reduction per cents   we can find the
reduced WE ALLOW (WEALLOW ACCURATED)  due to use
the li/al instead of  AL in related method of using the
alloy.
NOTE:An example of reduction in using  full
AL/li(full = Wing +Empennage +Fuselage +Nacelle)
is as following:
Reduction per cent of   WE ALLOW= 0.046875
So when we guess a WTO ,  the  WE 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 AL/LIALLOY (for full li/AL)
=(1-0.046)× WE(ALLOW)

After trial and error we will reach the amount of
73.43 ton for WTO that it will result WE(ALLOW)Full

Aluminium structured=39.21844 ton and this amount will
result WE(ALLOW) after using AL/LIALLOY =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:

Table 7:The reduced WTO 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 all 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  are as following:

Table 8
So ratios of surface controllers and furnishings to WE

would be:

(1)

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:

Table 9

Archive of SID

www.SID.ir

http://www.sid.ir


So the reduction per cent of WE would be  as

following:
COMPOSITE
COMPONENT

PERCENT
OF
REDUCTION
OF WE

FUSE 0.030055

WING+EMP 0.059743

LANDING GEAR 0.008823

FLAPS, SLATS, ACCES PANELS,
FAIRINGS(SURFACE)

0.016382

INTERIOR FURNISHING 0.06746

SUM 0.182463

Table 10: PERCENT OF REDUCTION OF WEfor
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:

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

are as following:
For full Composite AIRPLANE:

Table 12:Full Composite AIRPLANE calculated
informations

students of  amirkabir  university of technology (polytechnic)
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Figure 1:fuel fraction diagram of full composite airplane

For fullLI/AL AIRPLANE:

T a b l e 1 3 : Full LI/AL AIRPLANE calculated
informations

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
the wing  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.
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