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Question

Is It possible that the alrplane
Tu-154M lost a major part of
the wing as a result of hitting
the Birch Tree?




Methodology of Analisis

LsDyna3D Simulation

Parameters:

* Plane speed: 70 m/s to 80 m/s

 Plane mass: 78600 kg

 Distance from the base to the tree cut: 5m to 6m

* Birch diameter at the cut area: 40 cm

e Location of the impact on the wing from its tip: 3m - 7m
« Several orientations - angles from 5 to 20 degrees




Similar analysis

 Purdue University — Analysis of the terrorist
attack of the World Trade Center on September
11, 2001.

e http://www.youtube.com/watch?v=cddighl1nGJ8

- Wing of the plane cut through the steel members



http://www.youtube.com/watch?v=cddIgb1nGJ8

Material Models

* Birch- elastic, cylindrically
orthotropic

= Aluminum: isotropic, elastoplastic
hardened, or J-C with strain rate
dependent parameters
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Internal Wing Design Tu-154M
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Puc. 2.33. Ilenmponnan kpelia:
I—nepednuii nonscepon; 2—repaopsl; 3—cbeMHbll HOCOK (Nepeablil); 4— cweMHBIl HOCOoK
femopoii); S—cpednuii ToHX¥CepoH, 6—eHVIPEHHIT NPEORPBLTOK, /—CIMPUHZEPL], 8— cheMHAaA
naunens,; 9—npodunu pazvema,; 10— enympennuii zaxpuinox; 11—enympennuii unmepyenmop;
12—xeocmosas uacms,; 13—uneperopa Ne 3; 14—npoguns, 15—z3adnuii nouxcepon, 16—banxa
MexanuiMa zaxpwelaxa,; 17—emuixkoeas cmoiixa,; 18—wepewopa Ne 14; 19—y3nw xpennenus
YEHMPONIAHA K Pro3enanxcy



Internal Wing Design Tu-154M
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Puc. 2.37. Omvemnan yacmsb xkpuiia (a3poduHaMuyecKue nepecopooxi He NOKA3ansl):
a—obujuii 6ud; o—cevenue OUK no nepswope Ne 18; 1—xeccon; 2—Hepsiopwl; 3—nepeaa
MEXHOTOSUYECKAA NaHENb, 4—cpednuil ToHxcepoH, 5, 6—cmuixogouHble Npoguiu,; 7—Hepsiopa
Ne. 45; §—emopaa mexnonozudeckas naneis, 9—xporHummeiinsl nodsecku 3nepora; 10—
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Internal Wing Design Tu-154M
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Puc. 2.31. Cxema xpuina:
l—nocosan yacme (Hocox) yenmponiana, 2—eHVIMpenHHill Npedxpbliox; 3—reccoH
yenmponiana, 4—cpeonuii npedxpeinox,; 3—xeccod OUK,; 6—eHelHull npeoxpuiiox, /—
KoHlesoll obmexamens; 8—anepoH; 9—aspodunamunecxkan nepezopooxa, 10—sanepon-
unmepyenmop, 11—xsocmosaa vacme OYK; ] —snewnuii zaxpeinor,; 13—cpednuil
unmepyenmop, l4—exympennuil unmepyenmop, 15—sHympennuil saxpwinor, l6—xeocmosan
yacms eHmponiaia
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Plane in equillibrium

19 m
» Wing of the plane are the strongest part of the plane structure.
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Birch material parameters

e http://www.matbase.com/material/wood/class4-5-10-

vears/birch/properties

. Longitudinal Radius Modulus, Transverse Poisson Ratio, Poisson Ratio, Poisson Ratio,
Density(Kg/m?3)
modulus, Eb(Pa) Ea(Pa) Modulus, Ec (Pa) vba vca vcb
550 1.03E+10 5.15E+8 8.034E+8 0.451 0.697 0.043
Shear Modulus, | Shear Modulus, | Shear Modulus, Maximum

Gab (Pa)

Gbc (Pa)

Gca (Pa)

Effective Strain

7.04E+8

7.622E+8

1.751E+8

0.05
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http://www.matbase.com/material/wood/class4-5-10-years/birch/properties
http://www.matbase.com/material/wood/class4-5-10-years/birch/properties

Aluminum Material Parameters Tu-154

« Parameters of Aluminum Alloys taken from:
http://www.splav.kharkov.com/en/

Young’s ) )
) Yield Tangent Poisson ) )
Density(Kg/m?3) modulus, , Failure Strain
E(Pa) Stress(Pa) Modulus, Ec (Pa) Ratio, Vv
a

2850 7.4E+10 4.44E+8 5.738E+8 0.33 0.14
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http://www.splav.kharkov.com/en/

FEM Model of the Wing

Accuracy of the results depend on the size of the elements used.
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Computer System Used

« Machines with parallel processors
o Explicit FEM
— Time step of the order 10-° sec.

e Total real time to run each case from7-
10 days.
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Results

 Simulations demonstrated using
LsPost

—WIng crashing to the tree,
—Local tree behavior,
—Local wing damage




Simulation 1




Simulation 2
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Simulation 4
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Birch simulation

4.433e+07 _
2.218e507 _
2.833e+04 _




Wing Simulation
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Conclusions

» Based on the parameters provided in the
report of Minister Jerzy Miller, the model
shows that the wing of the Tu-154M
plane cuts through the birch for every
analyzed scenario.

e The damage to the wing is localized on
the edge, does not impact the lift surface
of the wing, thus should not significantly
reduce the ability of the plane to fly.
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