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VinTerpanshas dopmyna npeacTaBneHns pelleHnsi HEOAHOPOAHOM 3ajaun h v )

PaccmoTpum TpexmepHOe HEOQHOPOAHOE YNPYroe Teno, HaxofALWEeecs B paBHOBECUN
nog aelictemem eHewHux cun. B paborax [1, 2, 3, 4] nokasano, 4T0 npu N0bbIX YY)
FPaHUYHBIX U HAaYaNkHBIX YCNOBUAX B NUHelHbIX 3aaadax MOTT nepemewienns X h

ui(x,t) B HEORHOPOAHOM Tene MOryT BbiTh BbIPaXkeHbl, C MOMOLBKO WHTErPanbHON

dopmynbl, yepes nepemewenns v;(x, t) B OAHOPOAHOM Tene, TOil e hopMbI N TakxKe -
HarpyxenHoro. B 3agaqax CTaTUKU HEOAHOPOAHOrO YNpyroro Tena COOTBeTCTBYIOWLANA
nHTerpansHaa cdopmyna umeet sng [1]:
(%) = i)+ [ 6 €) [Chts = Coma()] () Ve (1) a :) a
v <

rae Cijg(x) n Cij"k.r — KOMMOHEHTbI TEH30POB MOAY/E YNPYyrocT HEOAHOPOAHOTO U

OOHOPOAHOro TENa, EE—:-,L(X,E) = E,(.,:,L(X]_:XQ,Xg;E]_,fg,gg) — KOMMOHEHTLI TEH30pa
fecdopmaunii [puHa ncxoaHol 3afa4v TEOPUN YNPYrocTW ANs HEOAHOPOAHOrO TeNa
(obosHauenuns savmcTeosanel y B. Hosaukoro [5]), e; = (vij + vji)/2 — komnonenTs
TeH3opa manbix gedopmaunii B 0O4HOPOZHOM Tene.

OcTaBuM TONBKO NEPBLIi 4neH, cooTeeTCcTRYOWMi g = 0.
o = CukLykL =+ (Xs Cuke + CUKB)%KL , (34)

Cukt = Crmn Not,n + Cuxe =

= J;j,\l,w Nuge,n + 2Cum3Nuke 3 + CrzaNzke 3 + J,j,h ;
(35)

Ciukiz = Cimn Nmki3,n + Cimz Nkt = 5

-1
= Jn Nuks. v + 2CumaNukes 3 + CussMNakes s + Cums Nk
Mo nopyepkHyTbIM MHAekcam B chopmynax (35) npegnonaraercs cMMeTpU3auns,
Hanpumep

Q

1
Npkirz = 3 (Nwmke.3 + Nake,m)

(o Nk, + 2Coms N,z + Ciss Nakes + J;]nl,w),ﬁr
+(Ciamn Nuke,n + 2Ciams Nuke,s + Craza Nake 3 + szKL),3 =0

(Gaumn Nuiken + 2Csms Nuke,z + Cauzz Nakez + C3JKL)9J+
+(Caapn Nk, v + 2Caams Nvke,3 + C3333 N3k, =+ Cazke) =0
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a Bdeiyg 787 eroLab

THE COMPANIES
U.s. CANADA AUSTRALIA JAPAN KOREA EUROPE
M Boeing M Boeing M Boeing M Kawasaki M KAL-ASD M Messier-Dowty
M Spirit M Messier-Dowty M Mitsubishi M Rolls-Royce
M Vought B Fuji Latecoere
BGE Alenia
0 ) Gxﬁlnch Saab

FIXED ENGINE CENTER FORWARD FUSELAGE
TRAILING EDGE FUSELAGE Nagoya, Japan
Nagoya,Japan Grottaglie, ltaly

WING TIPS WING

Build-to-performance| “*

MOVABLE TRAILING EDGE

m

t

TAILFIN

WINGIBOIN FAIRING
LANDING GEAR DOORS
Wmmpeg Canada

MAIN LANDING GEAR

HORIZONTAL :‘VHEEL WELL
STABMIZER agoya, Japan
: ENGINES
N Fogga, taly GE-Evendale, Ohio
CENTER WING BOX Rolis-Royce-Derby, UK
Nagoya, Japan FIXED AND MOVABLE
LANDING cun LEADING EDGE
Charleston, S.C. Gloucester, UK Tulsa, Oklahoma
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Pacnpep marep Pacnpepenenne NKM
W31% KM
2% Crekno I 76% A
2% 3manb 13,38% D
3% T3 4,16% B1
44% AnioMMHUEBbIe CnnaBbl 6,64% D1

8% TutaHoBble cnnaebl
7% Crann
4% Mpoune matepnans

B A BLICOKOIpOYHAs yrIepoiHas JIeHTa s NePBHUHLIX KOHCTPYKIMI
Bl ¥Vrnepoanas TKaHb VIS BTOPHUYHBIX KOHCTPYKLUHI B COYETAHHH © YINIEPOIHOH TKAHBIO JUIA
COEIHHEHHS ODIIMBKH C COTOBBIM 3aIOIHATENEM (J1J1 COTOBBIX KOHCTPYK LIHIi )
D CreknorkaHb Jyisi BTOPUUHBIX KOHCTPYKLMiT
D1 CrexnoTKaHb I BTOPHYHBIX KOHCTPYKITHH B COUETAHHH CO CTEKTOTKAHBI) [UTS
COEIHHEHHS OOIUIHBKH C COTOBBIM 3alOIHUTENEM (115 COTOBBIX KOHCTPYKLIHI )
| TMonumepHbIe KOMIIOIHIHOHHBIE NAHETH MO
Meramnb

(popmupoBanms






*

* « O
(¢ * o
t D ¢
+~ ?
- o %
o £
o o
@)

P N )
(<] v O
S G
3 £
R ? v @
O © ©
R +~ -
._0”

>A

‘E

e omt

(0]

zza

w2




*

T
)]
o

(@)

m t a .

Connection Cables

— Actuation/Sensor
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JIETAJIA OBJIETYEHHOH KOHCTPYKIIHH CO CIOKHBIMH ITOBEPXHOCTAMH

JIETAJIH CO CJIOXKHBIMH BHYTPEHHUMH

OBBEJJHHEHHE HECKOJIbKHX JIETAJIEA B OJIHY MOJNIOCTAMH ¥ KAHAJIAMH

2. [lpumepw
H3JIeIHH,
H3TOTaB-
JIHBAEMBIX
A/IHTHB-
HEIMH
METOlaMHU
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Agresus Gonee 80M a
Mopuetocts 0,5%-1%

HaHeceHvie kapbaos, crnasos Ha
OCHOBE »eriesa, kobanbTa, HUKESS.

MnasmeHHoe HarbneHne

e [okpbmus U3 KepamiKkn

¢ TonupHa 0,05—5vm

¢  HaHeceHvie Ha BHyTpeHHVe
(avanveTp ot 50 Mv) 1 BHeLLHVE
MoBEPXHOCTU

| 3aKanka

L ©  VBHococToiikvie MokpbMUs ¢

= ECKOW CBSA3LIO

*  TormuwHa 0,5 —10vMv rm
YrpouHeHve Ha rryouHy oo 0,7 v

SnexTpoayrosas MeTarymsaLms

*  [MpoTeKTopHble NOKPLMUA Ha
MeTarTIHeCcK e KOHCTPYKLIN
BorbLuoi

¢ TorupHa 0,15-3,0mm

t Ocho

asonnameHHoe HanbreHne

*  BoccraHoBrneH1e reoMeTpumn
M3HoLLeHHbIX AeTtanei 0,1 4o 20 v

*  Hanbinenve 6a66uTa, LHKa,
AMOVVHNS, CTarnel 1 Crnasos.

3 LeToHaUMoHHOe HarnbiieHne

L * BoicokokauecTBeHHble MokpbTs Ha
HebaorbLLMe MoBepXHOCTU

e TonumHa 0,05—0,5Mm

*  Agresus po 160 Mna

T

h ¥ gt ~ 8 ‘ XorioaHoe AuHaMM4ecKoe HarbieHue
— *  HaHeceHyie MoKpLITUIA 13 MNACTUHHBIX

X mMaTepyarios Ha HeGorbLLYie nrioLLam

MnasmeHHas NOPOLLKOBas HarraBKa
e Hannaska TBepObIX NMOKPLMAN A

BypoBOro MHCTPyMeHTa

3auybl knanaHos [BC, crexriodop,
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peanbHue nsgenus u CUCTeMbl

nogcucTemMbl

JTanoHHbIe
peweHns
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w \, J \ J \, J

MocTOsIHHO pa3BMBaOWMACA BanuaauMoHHbIA 6a3nc No3BonsieT paclWmpsaTh CNEeKTP pelaemMblx 3agad, a Tak xe
MCNONbL30BaTh €ro ANeMeHTh! Ans cepTudukaumu. B HacTosAWMA MOMEHT BanuaaunoHHbIN 6a3uc coaepxur
6onee 800 3agay no pasnuUyHbIM (hM3nYECKUM npoueccam.
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Fig. 2. Detail of delaminated specimen in post-buckled state. |

|
| .
u, between load points is L || ‘ I A L ]
— — 0 10 20 KT E— )

PL u; " . L =
U= o (4) Displacement of load point, u Relative Delamination Length, &
- 150 T T T T T T T T T T T T T
55 —— 40 —f——55 —
| | 1.0 7 Predicted buckling load [(kN] 7
I . ‘
50 ! j £ ]
L ! I E
| | c
25 E
Tetlon = g
_i_lL = Q=
2_{_ | A ] 2905 -
¥ @ E
T
EM70 %\/v Q S
epoxy = (=]

Fig. 8. Construction of experimental specimens. ) ]
=] 1
=

S. ILIC and J.F. WILLIAMS COMPRESSION FAILURE 0

10 15

MODES IN COMPOSITES Theoretical and Applied Fracture Applied Load  (kN)
MeChanICS 6 (1986) 12127 Fig. 7. Mid-point deflection of delaminated region as a function of applied load, compared to predicted local buckling load.
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Tun 2% 10 350 0300 200

" Stress Model

5, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+0.0002+00

i QDB: pipe_dynamic.odb  abagus/Explict 6.14-4  Mon Jun 26 18:37:58 GMT+03:00 2017

z ‘J Step: Step-1
o Increment 0; Step Time = 0.0

Primary var: s, Mises i
Deformed var: U Deformation Scale Factor: +1.000e+00

Mises stress

Aerodynamic model
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Define Optimization Parameters

N spars

N ribs Stress Analysis & Thickness Optimization
Spar locations

Rib locations
Thicknesses
Material (layups)
t=2mm

o o o o Do Do

D

t=2-7.3mm
Omax = 72 kg/mm?2 lma < Target Stress
omin = 0.04 amin > 1.5
m = 3.8 kg m =11.4 kg

Set Initial Parameters

A Aero profile Generate Reports -
P o 1203 " 576 comes
o F— T
A Swept angles 61, 62 D1 e
A COMPOSITE AIRFRAME MASS BY DESIG: ™+ 7+ «ooni oozsaronz  2sem sams
Chord length b S| 21 o1 ousesrotrs | asews sesem
A Spanl 9 L s ' 40031 0020411021 1100455 4022459
) : S S — T T TR
A Mesh size i e i e
S — YT T T T T
A Nbl’aCketS 7 - B RN R e 2 1 40031 0020412110 12,0469 3685763
- — T T T
B2 eonsi “enzesiion: | ssew sesms
= L » 1 40031 0020611102 3244875 6335841
=3 e S RS TSI [ 1 1 40031 0020611120 1633802 6807213
z B A dsusi Joasuaiiior [l sem
Gy 2 1 40031 0020612011 167354 668917
3 S % 1 40031 0020810121 1054236 398464
S| w1 aoa onzestaoiz | e e
2 e s > ! 49031 0020811021 | 1w nu
1 >+ * ot +*é
0
3.6 38 4 4.2 44 46 428

AIRFRAME MASS, KG

normal ribs

*1l W2 A3 X4 X586 +7 -8



DESIGN FAMILY

A

#108
m = 6016 kg

____________________________________

A -hinge bracket

A - actuator bracket

GN FAMILY
4ag5s A & ° «e
m =4.637kg :
___________________________________: XXX
N B | B

I
I
I
MDD BND & S 0000
I

I

I

I

I

10 15 20

: AIRFRAME MASS, KG
I

A

#150
m =28.026kg

____________________________________
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Force (Ibs.)

5.1.2(b) Instrumented impact results for through-penetration of AS4/938
-7.

1500

1000

STEP 1
Impact
process
and
energy

STEP 2
a2 2 NI K
scenario of
damage
distribution

——— AS4/938 Tape
— — — AS4/938 Tow
IM6/937 Tepe
IM7/8551-7 Tape!

0.20 0.3

Displacement (in.)

and tape, IM6/3501-6, and IM7/8551

impactor

LRI,
SALLLLLIIAEs
AL,
I,
AIILLILLIII.
BB

1000m+00

not damaged material

|
]
|
e

= Residual

strength

Undamag;

strength

A’Ee

™

.6

0.4

0.2

eraL

STEP 3
Analysis of
residual
strength

ab

Damage depth in X-ray,-5, mm

H17 Vol3 Chapter 12 4

1O .
o o A
AR o .
LY RAS n —0 1
- “ Py .
Y o
- ~— i
A R -~ =
- a .
i W 6.35-mm dia. rod 7
L 4 90° corner i
® 12.7-mm dia. hemisphere
- A 254-mm dia. hemisphere] -
[ Filled symbols - failure of damaged layers. _|
Open symbols - failure of remaining layers.
| N S AR [T T NI —— —
0 2 4 6 8 10

12
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optimization volume
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/ impactor
not damaged material

e
4 e
)

Yr
0

delamination

2
Modulus reduction
P

optimization volume

€2
This idea gives formal rules for transformation of energy:
WO W94,
Ot (- - )c‘bQ O O W0 T
G q ¢O PP

where

- ¢ deformationat point 1

- ¢ deformation at point2

o « failure stress in case of transversal tension

O ¢ transversal modulus at point 1

O ¢ transversal modulus at poir&

O - transversal modulus of not damaged material

[ ¢ damage parameter associated with stiffness reduction 6
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FV1
(Avg: 75%)
+1.000e+00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e+00

V1
(Avg: 75%)

+7.917e-01
+7.500e-01
+7.083e-01
+6.667e-01

b <

0° and 90° layers

Fvi
(Avg: 75%)

+1.000e+00
+9.583e-01
+9.167e-01

45° and -45° layers

eroLab




Fvi

(Avg: 75%)
+1.000e+00
+9.583e-01
+9.167e-01
+8.750e-01
+8.333e-01
+7.917e-01
+7.500e-01

+5.833e-01
+5.417e-01
+5.000e-01

0° and 90° layers

3%

(Avg: 75%)
+1.000e+00
+9,583e-01
+9.167e-01
+8.750e-01
+8.333e-01
+7.917e-01
+7.500e-01
+7.083e-01
+6.667e-01
+6.250e-01
+5.833e-01
+5.417e-01
+5.000e-01
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Peak stress, GPa
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SourseHarris20032
I Sllog N; curve R= 01 1.0
o
| 6 0.8
s 06F
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2 04
i 4
1T 2 3 4 5
i Lines showing onset of specific 0.2
damage mechanisms
0 T2 3 4 5 6 7 8 0
Log N

Schematic damage mechanism maps for a T800/5245 [(£45,0,),], CFRP laminate tested
in repeated tension fatigue (R =0.1).}
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Residual strength curves for samples of (/90 GRP laminate subjected to fatigue cycling
atan R ratio of 0.1 and various stress levels.”
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Sealant Tape

AN To Vacuum

Resin drawn across and through
Pump

reinforcements by vacuum

Vacuum Bag
f Peel Ply and/or Resin

Distribution Fabric

Resin
Reinforcement Stack

Mould Tool
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