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ABSTRACT

This paper deals numerical simulations of composite material with
Polyphenylene sulide matrix and carbon and glass fbres; the main goal is determine
abiity of using proposedcomposite materialsin airframe structure bynumerical
simulations, to predicthe elastic propertiesof composite, CADEC software is used to
show the effect of fiber type, number of layers and fiber orientation on elaestic
properties. For this purpodghe computational simulatons by ANSY$3 were carried
ou. The resuat saabsilaowythlmf using composite mate
wing ofunadefrEteats of pure inertial | oads

Key w dPolphenylene sulide, ANSYSaircraft numerical simulation skin of
wing.

| NTRODUCTI ON:

Traditional amateaftl scohetruction I nclud
titanium. The primary benefits that composi
and assembly nsitnpel i pasat itome.nty years, t he
the aircraftthedsstrhya,s amonmgn o mmensely. Col
advant age over traditional aircraft materi a

strength/ weight and stiffness/ weight ratios
and i mpr omamcpel.lper for

In the early 1970s, composite materials
increase the performance and I|ife of the ai
Space Administration (NASA) Adv ancceedd tChoeemp o S
use of composites in primary structures ir
horizont al stabilizer. I n 19914, t he Advanc
consortium, led by NASA and suppoA®Aed by t
industry, and academi a, revitalized composi

aviation by -eddeelta wiengc oopotsi t e airframe st
composite materials and matur ed processes
cmpanies t o i ncrease t he us e of composite
Driven by t he-efdfeintairedat Dotl,igaa@flf nheisgsh st ruct u
have fatigue durability and corrosion resis
wi t h mor e t han 50 percent composite Str u
composite usage i n commerci al aviation. M
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irplane IS being designed wi t h a similar
trug¢ Buyr e.

n

Ther moplastic composite materials have

current and future aircraft component s. I
components wi || enter airframe service in
C 0 mp 0 nehmit csh wer e previously manufactured 1
composites such as graphite/epoxy. Ther mopl
over conventional thermosetting resins su
chemical andcempaanadt nrag/silsd aused over a wid
They have a very low |level of moi sture upt
are |l ess degraded 4B6der hot / we't conditions.

A wide range of thermopl astiodayarénavaie
area of hi gh performance thermoplastics,

Polyphenyl ene sul fide (PPS) ar e probably
resins. [ 6]

Composite structures can be analyzed |
met hods. Generally, when a composite struc
simplificationpg7 hRaaBppi dt od elvee |l mpdchent s in compu
t he finite el ement met hod of complex deter
TheEMF i s used wor |l dwi de t o simul at e t he C C
become a reliable numer i cal simulation tec
such as (MSC/ NASTRAN, SUPERFORGE, ABAQUS,
ANSY.®), 10 and 11]

The overvael | ofobijbrsi research was t o pr o\
substantiation of composite airframe struct

approach t hat wei ghs both t he economic as
required fidre teensstuirngn,g whafety.

I n presenmecphagpnearcladme studies of composi
basis of Polyphenylene sulfide s@BPS3)her esiknfno
of wing of aircratommemeratmtfl potbeylS3a. & € mg

Model ing: Process

The comput er program (ANSYS) i s prepalt
composite materi al it is possible wused I n
fatigue failure <criteriobhchld dkeus(Eefaitsi gast ilmd:
90% of service failures of components that
can be attributed to fatigue. Fatigue S C
structur al materials, including composite n
Thel ement SHELL 9-8Bode ssespauametnic sBell) i s
wing structure in this model.



The model i's restricted to take the eff.e
behaviour of wing storcua@at erd® ,vmostd oBnysuehf adcst

dynamic pressur e, i nduclaa tsitmogc kIl ovaa\we ,( t chrea gnge
neglected, and the inertialRPoads were inter

The di splacement constrasnt $§or(twéichout
di splacement of all DOF equal zer o) wer e me
fuselage l1Btructur e. [

The wvariety of materials is restricted 1t
composite matesialy TFTer vahid poarpose, on th
and honeycomb Cross IS assumed t o be CO0onNSs
isotropic elastic materi al (speci al Ti allc
shown in 1) he tbhgmireal( composition and me ¢ h
materials used in thBse study shown in the
Materi al Properties:

The mec hanical properties (Young' s mo d u
rati o) of the composite system used in thi
on theoretical equations and by using t he
environmemipos$bre (WAREBRG pe2)mdoge@enctal i st
compomat erainaWhsi dle pendtshaseft heorequat@ailons for
composite materials such as |l aminated t heo
calculate tchoenseagtneefroirngcomm@psictoent Manser edh
constant mpositkees omaterials of this wor Kk, o]
simulation, it wi || need for the data that
versus appniede ssamplses for each number of
predicted mat hematically such elastic pr ope
results of thebftatngde feeat amaobbi@ur own. [

Finite Mdcdckereinng:

The devel opment s of suitable met hod, mo
engineering structure are needed in order
| oadcionngdi ti on. Wh oMien g d iorhe nAiiromrsa fratf awba kt eids f
shown in 2xthd[ figure (

The mo d e | i s consists of three parts | 0 we
transver ssthiofnfeeyrceormdb.

Skins Modeling:

The external skins ar e assumed t o be co
onlsy sashown 3 n figure (

The skins are created as governed surface

4) .



The first step represents the keypoints
areas <creation by Kkeypoitmiten thtaedp fuwlted et athe
are created as governed parts by the areas
each one IS consisting of 60 rectangul ar
consisting 20 rectangul ar plates.

Stiffenkirsg:Mode

The stiffeners or honeycomb sandwich cor
(longitudinal stiffeners), and ribs (transyv
and 5 ribs asb)shown in figures (

Mesh Generation

The wi ng ofpraviouafy asated IS a comp|
structur e, and the first step of the finit
into finite elements connected at nodes. F
discretize iietnt i nnuwmbar saffiel ements i n or de
accuracy. On the other hand, the more el em
the analysis. The mesh generatbon of wing s

Loading and Boundary Conditions:

The main goal of a finite element anal.y
component responds to a certain |l oading <cor
force on each Kkeypoint mendi,on habocwenbasedh
for gwimodel represent t he design l oad cond

optimum design can be obtained by perfornmn
optimi 428t i on. [

The inertia forces appliedoboaiemaedh fk ey
anot seerarchk and did not get into the det ai
aer odyennagminca adi stghbg e ct ured exrt b eshgauvdi yo r of comp
mat eri al s oftf bhéme enail nbeaenrdi n g

The Solutions:

Af teeampl et i apploifc athiie®® nn do@myl iitaisoonlsut i on on
t hmodaehtli nédstubt se vtaHpueartfeo ronfmcmpo si t e oma ttehriisal s
pur paondtle s etdhreersof s i gl psace.

Results and Discussion:
Thi s section shows briefly all results
different types of composite materials (de

and fibers orientation for car bon foifber s) i
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this materials on wi ng behavimeuwn i wumdamb o v
repr esetnitee degbuyy val ent alternating stress, t
factor.

Equi valent Von Mises Stress Results:

EquivalentstvessMised he stresN wqawsrede taof teu
accounting for fataitg we elfdaeditrsg atnydpeanyR ot h
anal ¢#$i. s [Equival ent von Mi ses stress S |
determiningi fteh.e 8Fiaca@®rdaus(h d ws contour plots f
gl ass and carbon reinforced composites mat
distribution of the equivalent von Mi ses S
determi mg oxhmateaep |l ocation and value of t he
stress.

|t can bda hsefeiegur esom hat the highest val u

stresses is concentrated in the region of
due to reaction force that are high in the

Al so can be note the relative small chan
compared with the Dbig difference in value
mat er i alo btatbilesc atubseerper i s & o me whatt lpearmpe rti es
suals hear modulus and Poisson’s ratio, anot
wing strength between the skins and the st
in all cases, so have a clear effect on the

The mini mum value of equivalent von Mi ¢
structur al strength is obtained, and if we
maxi mum equivalent stress consists in the
fiber which wvalue (22. 723 MPa) , compared \
present in the material t hat consists of a
MP a) wher e t he increasing the number of I
temle strength, also can be note the incre:
and thus increase &elastic properties of Co
reinforced can be seen the <cledr egfufievcatl enf
von Mises stress where the | owest value of

consists of (0°/90°/70°) of glass fiber and

Generally it can be concluded tthatball t
successful in resisting the equivalent Von
value of stress consists in all model s (2
resistant of composite materialsebubnther v
the success or failure of these materials
other criteria, as we will discuss |l ater.



Tot al Deformation Results:
The filghur eslyl ( 6 hows t he totalandlef bomati o
reinforced composites materials respectivel

Thet hati gudiesspl ay t he over all distributio
throughout the material, as well as to det
deformation, wlaeues tbé bhbobglaestdef orfrmaeste on i
enaf the wing comnfsodheaechdod hammakgeaf/tcant il ev
beaamd, accosdmpyetthbeeoriye tdheef |maotniswusnt s i n

free eba anf t he

From previous ftihgeurreesl actanebedafbpmataingre s
as compared t o t he di fference in value of
composite materials and for the same reason

The reswimes i odl simulation for tot al def
t hat t he greatest val ue o f t he tot al defo
materials in the material is composed of
fiber reimgiotre ehatceormpal s where we find that
o f total asefoompbsohe materials which owns
and therefore be more stiffness showed defc«
total oaorefwirtmatfour | ayers of glass fiber t
gl ass fiber, as we | | as t he amount of t ot
carbon fibers increasassitnglteowaaryde rt hoef ntaa rely

Finabhly, types of proposed composite ma t
deformation criterion where the hi ghest vV a
mm) this is much |l ess of affordability mat

Fatigue Life Results:

Fatigue |ife shows the availabl? lainfde for
(3 shows the count egl aplsodasbaoonf rfeatnifgourec eldi fce
materials respectively, wer e used to di spl
the model of wing.

I n stress life analysis, i f the equivale
alternatifngedt-Necsrhwelee,S the I|ife at that poi

From the above figure not e t hat all t h
according to fatigue life <criterion, it ca
stresses loefntt hael tequmwiata ng stresses formed ir
fatigue endur ance, wa s obflBiexeckptr smnghe &k

gl ass reinforced composite wher e t he equi v
than ffataingwee endur



Fatigue Safety Factor Results:

The fil4uralBd (shows <counter plots with res
given desigagmadarbeni neghfhesced composites ma

The maxi mum segdédasdluert theory states t
combinationstoafecsggesasi gal | ur e i f sttrhi@g smaxi mun
in a structure equuilasmgt ) dxceeds a specific

1162’1|imit

Expressing the theeryp as a design goal:

An alternate but l ess common definition
maxi mum egturreesascenrets or exceeds the WwP:iti mate

I n NA&Y,S Maximum factor of safety di spl aye
indicate failure before the design 1life h a
figures the material ovYchaircltha sc otntse sb e otf v ahlrueee
factore, mwmi mbhm value of safety factor for

obvious that all materials are safe Dbecaus:
indicate t hat failure wi || not t ake place
matadricontain one | ayer of glass fiber wher
this material is (0.706) and these is |ess
place before the design I|ife is reached

Conclusi ons:

From the numerreiscuallt ssiimul aanhorme concludec
use the proposed composite materials (excej

wing of aircraft while keeping the same mat
all oy, so ifdewesid¢qympoafr ecotnfpeosite maaserials
average) with the densi®tyitofigipasisiml al It
weight of skin by ( 68 %) and this me ans
consumption dueontoal wei gnhott -crbesedtugcette suh e i nlgo wf |
ease of manufacturing in addition a <cheap
titanium alloys.

But wef c omphaerseemp osi t ewi et wemiinaulgssu @al | @y
QO0Al +2. 4Mg+0. 23)Ca k6o ywhnatcOh. 9 BDHrmet iinmme s t hues e d
manuf acshkuiofe tole whiincghe mgwiitsy8 ), gist mal so possi bl
repltahceesemposit ewhméee ritidadl uscwenigg@ t bsyk B i n
additi drenenteinttdemede .



Thus,enghaeterl ecti onstasnddi c(gssigmeth@d rcte so f
t heroposed composi dé uneattdeortia@llistayr,yimfthel egr ee

[
R

choicebawesl i ght, w&ahghbto nr efiindemr ced composite

light erlas®ariberluwuteermef oortchepdra stsannofdihb echeaper

thaar bonafdiditd®w omweornsi dehati hhayve imedrh, st sdiuad

sual r acttowrgeannddesns i I e.reg.tch
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Tablle, (composition and maetéaisetdahienps bpdyties

Material Density| Elastic | Ultimate | Po i s s| Shear
(kg/m® | modulus | strength ratio modulus
(GPa) (MPa) (GPa)
89Ti+7ARF4Mo 4480 113.8 1103 0.326 4.2
Polyphenylene 1.3 3.7 80 0.35 1.37
sulfide
Glass fiber(two 2.62 72 1995 0.3 27.69
direction woven)
Carbon fiber 1.76 230 2475 0.3 88
(unidirectional)

Tab@e mechani c aolf

pcroonppeorst ii teese thahiea rmoadl esl

. E, E, E, Gyy Gy, Gy,
Material type | opay | (GPa) | (GPa)| > | > | * | (cPa)| (GPa)| (GPa)
1G* 4,918 4,918 3439 | 0.237| 0.166 | 0.166 | 1.475 | 1.47/5 1.475
2G 6.447 6.447 3.212 | 0.159 | 0.079 | 0.079 | 1.587 | 1.488 1.488
3G 7.815 7.815 3.013| 0.154 | 0.059 | 0.059 | 1.73 1.423 1.423
4G 9.504 9.504 2.838 | 0.151 | 0.045| 0.045| 1.839 | 1.358 1.358
0°C 17.278 3.61 3.61 0.346 | 0.346 | 0.072 | 1.542 | 1.542 1.679
0°/90°C** 10.554 | 10.554 | 3.309 | 0.119| 0.04 0.04 1.542 | 1.59 1.59
0°/90°/0°C 12.849 8.243 8.243 | 0.153 | 0.098 | 0.098 | 1.542 | 1.542 3.754
0°/45°£45°/90°C| 10.038 | 10.038 | 2.993 | 0.314 | 0.093 | 0.093 | 3.128 | 1.369 1.369
*gl Aislser
**carfbbder
Geometry
Equivalent Stress
2170372013 12:345
[ composite
[ Tialloy
>
= 1
E i
> ! Side!
. Figure (2), Aerodyn;
Figure (.1)' mate. structure (all di m
model ing the wing.



Figure (3), ower and upper pl
Lower k Upper k

81 162
80 79 161 160
78 77 16 159 158 157
75 74 73 712 156 155 154 153
71 70 69 68 67 152 151 150 149 148
66 65 H4 B3 62 Bl 147 146 145 144 143 142
60 59 58 57 56 55 54 141 140 139 138 137 136 135
53 52 51 50 49 48 47 46 134 133 132 131 130 129 128 127
45 44 43 42 41 40 39 38 37 126 125 124 123 122 121 120 119 118
36 35 34 33 32 31 30 29 28 117 116 115 114 113 112 111 110 109
27 26 25 24 23 22 21 20 19 108 107 106 105 104 103 102 101 100
18 17 16 15 14 13 12 11 10 99 98 97 96 95 94 93 92 91
9 8 7 6 5 4 3 2 1 90 89 88 87 86 85 B84 83 82

Figure (4), ower and upper

Fi gu) roreycomb

sandw

Fi guye The

me s h
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0,79536
0.0087976 Min

089368
0.012378 Min

B N

[E] Force 2: 168.6 N
[B] Force 3: 166.4N
. Force 4 168.6 N
. Force 5: 166.4 N
[8] Force 6: 168.6 1
[ Force 7: 166.4 N
[ Force 8: 1622 N
B Force 9: 1786 N

Fi

gur e

(7)

The appl

1835
15514
12,678
9.8415
7.0055
4.1695
13334
0.67167

0.015315 Min

0.0099245 Min

ied boundary

Figure

(8).,

Contour s
reinforced

ofdiesquriivbad teinol
composite.
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16,167
14028
11889
9.7499
7.6108
54717
3.3326
0.75445
0.017835 Min

0.012446 Min

18.068
15.298
12.528
9.758
6.9879
42179
14478
0.73204
0.016287 Min

0.011968 Min

Figuye Contours of equival €

di stri buti on of car bon reinforced

022681
0.19588
0.16495
0.13402
0.10309
0.068729
0.034365
0.017182
0 Min

0.14389
0.11511

0.086332
0.057554
0.028777
0 Min

2 0.
0.20003 0.17599
0.17146 0.15085
0.14288 0.12571
0.1143 0.10057
0.085728 0.075425
0.057152 0.050283
0.028576 0.025142
0 Min 0 Min

Fi gulrpe, (Contours of tot

di stri buti on ocfongploss & er
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0.080405
L 0.053603

0.18542
0.15893
. 0.13244
0.074851 —{ 0.079467
0.046719 L 0.052978
0.02336 0.026489
0 Min 0 Min

Figgn&ont ourost adf de f
d stri

bofhir ban of eoinmpfoosr

17508e6
1.6382e6
15327e6
L4341e6

.8885eh
1.7832e6
16833e6

1.5800e6
L5013e6
L4176e6
134186 L3385e6
1.2554e6
1.1746e6
1.099e6 Min

126306
1.1934e6 Min

7.669e6
{ 5.5715e6

96
1.703e6
16142e6
4047726 15209¢6
2.9407¢6 1.4501e6
2.1364e6 13745¢6
1.5521e6 13027e6
1.1276e6 Min

1.2348e6 Min

Fi gulre, (Contours of fa
di stributi on of al ass r
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21/03/2013 03:59 5 - . 21/03/2013 04:09

2e6 Max
1.9103e6

2e6 Max
1.8748e6

1.7574e6 1.8245e6
L.6474e6 1.7427e6
154436 L.6645e6
L.4476e6 1.5898e6
1.357e6 1.5184e6
1.272e6 1.4503e6
1.1924e6 1.3852e6
1.1177e6 Min 1.3231e6 Min

13 08:46 o

2e6 Max
1.8951e6
1.7958e6
17016e6
1.6124e6
15278e6
1.4477e6
1.3718e6
1.2999e6
1.2317e6 Min

2e6 Max
1.9037e6
1.8121e6

1.2829e6 Min

Fi gulrde, (Contours of f&

di stributi on of car bon

29/13/2013 1254 o 29/03/2013 01:03 5

15 Max

15 Max
10 - 10
: .
1.0443 Min
0.70964 Min

0

0

20/03/2013 01:23 5

15Max
U]

[ ]
| 1.7495 Min
0

Figure (14), Contours

di stributi on of gl ass

14



C: 0 carbon. E: 0790 carbon
Safety Factor Safety Factor
Type: Safety Factor Type: Safety Factor
Time: 0 Time: 0
29/03/2013 01:46 o 29/03/2013 0L1:56
15 Max 15 Max
10 10
1.9267 Min 2.0212 Min
0 0
G:0/90/0 carbon H: 0/45/-45/90 carbon
Safety Factor Safety Factor

Type: Safety Factor

Type: Safety Factor

Time: 0 Time: 0
29/03/2013 02:02 p 29/03/2013 02:07
15 Max 15 Max
10 10
5
2.2899 Min 1.6796 Min
0 0
Figure (15), Contour s
di stri beaariboonn orfei nf or ce
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