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Comparison of numerical methods in perpendicular and
inclined bird strike events
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Abstract- Collisions:between  a bird and an aircraft, known as “bird strike event” is a common and dangerous
phenomenon in aviation industry. In this study, three numerical methods namely Lagrange, Smoothed Particles
Hydrodynamics (SPH) and Arbitrary Lagrangian Eulerian (ALE) have been implemented in order to investigate bird
strike incident. The results have been compared with each other and also with exeperimental data. In order to compare
the results obtained from three methods, pressures at the center of impact and also deformation of bird models have
been compared. Results indicate that all the three methods are able to predict the pressure at the center of impact almost
accurately in both perpendicular and inclined impacts. In addition to that all the methods are able to predict same
deformation of bird at particular time intervals. Shorter solution time, not having much parameters to deal with and low
probability of numerical errors make the SPH method as a good candidate to analyze bird strike problems.

Keywords: Perpendicular and inclined bird impact, Lagrangian method, SPH method, ALE method
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4. Explicit

5. Arbitrary Lagrangian Eulerian

6. Smoothed Particle Hydrodynamics
7. Element Distortion

8. Coupling Algorithm

9. Smoothing
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1. Eulerian
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1. Shell Element

2. Constrained Lagrange in Solid
3. Master

4. Slave
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1. Keypoint



J&«h}@'-\ﬁ Lb)

w3 BB 3,05 1 55 g3k > sl alie

A 2 Ogd oo 0ddlive a5 s ylen LCowl ous anglae Ssg
(i (e 4z bl ity lad 4l ol
Ao Ao e @S ojluail b S, b a4z ST S

ool oy 503 es

x‘IO’
35
— Cen e
loa gy 52
3 e ]
- e T
2.5F
c
o
-
~
‘-'frﬁ—
i+ N
F!
I
1
o ol A I
i AT PN
0 [ ) ) Al \ s
0.2 04 06 08 1 1.2 14 16 1.8
(€% I1 P <10

o)L)._:‘d_..uLg‘)_) )_JJ)")I ui:s))é Q)P):)S)A)O)Lwﬁ\\ J&w
hos 3031 5 chlizee 4

aw sl SPH (i) 3 9,95 5 55 50,0 SLed VWIS o
o a3l yo 0al (6 Soslail [Lud Lcalits aslils o5l
B 50 0l (6 S oIl dioy Hlis ] suld s i Sy
Lol ol S5 e (yge;] adin HLadil aSis o3lail aw
alS L (o8l oy A donladhasil ol S, b
S ol @ g ) ol gl e oS oi (b ) o5
O 8 )0 b iSeeS Sk aS | > slocans SPH g,
Bod mhaw b ol alasd 0 a5 Sl ylodl slass aSls o5ladl
52 42 513590 (nl S (o0 ($3b) i WS 0 Iy (leS
obul bl o 1) ol yuss Lol el SPH g, &S
L 1y oz B g b 395 0l 52 dle 35 oo
L ol (Sm 5,5 Joe 5 5,5 Joa SPH o, L ofyism
b9y W o9k axlye o jo JISal 4 o g laglell gl ol
CildS LS S jebas g5 cos o8 1) SPH

Yy

O3] 50 95 sl wlaxd o odel 39> g Lid acinn
39—**&_;“ oualin 4 Jii:).) IR SHee

" WU/ pa W= adgl Cs p

* -

0 7 100 128
I“E‘lg“"“.dal"j

0 28
33553 O35l — Sabg gz 505l b a g Jloged 4SS
bl e VVY Cepu bodi ) (69g0c

9 SPHIGSI,SY (g aas 50 00y Joe S 5005 0920
Calodal Vo S8 o aseie slagyle; 0 ALE

A <Y A

HdS RsGL

41V

ALE §SPH il 3Y gy dus y 0y Jao JSi s g5 Yo S

slaple) o Lhs) dw ;2 el g0 sanlie a5 j5blen

WSS e (s 0y 3l ) selde Lo S s LSy
dw gl 5515Y sy 0 0,95 1 S 50y jLa8 VY S o
o a3l jo ool (6 Soslail [Lad b el aslls o5l



\va. bl:....gU /Y EJL«J« sv.hb).ti 3)‘5.)

oo &:ﬂgﬁ Woats

<90 S jlwaned g li -V
sadelnil las slagses] @i b oo slacsiloans mls
b daagg¥ il po [NV ] 950 anslin a95¥ Lass
ol sbaaies Te angly (¥ 0395 &8 > pnn b 0)95 2
S sln Y Sp o pSS So e 4 sloniy Jue
S e S e ) e s (55 00 Jleel L
VE JSCs o 0 Seolawl 5,55 1 35 0 5l alides slagleds jo
OL Y sleojlas L ()5 slo g (83,5 Glode 0926

S oo odpliv

0.036 w (1.407)
0.020 m (0.507)

2

0.035 m (1.507)

R Al

0.019 m {0.757)
2

- | | n

LR E

ol eA:.;x 4._.:!-U

ol y b o g

S e sz o3 1F S

30 =Y 0095 Jule 0,55 jLid ales VO S s
g on odnbice & BN slagiw yii,S

120
—#1
100 A i —#2
071 [ [ UUUTRRY SOUPPUURPRIN: USSR SURPOPON | - #4
#5

= ()
3

0 ; - :
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025

(438) Ol
Sloziw ii)S ;o V5 00gr ble 0,05 ilid aled 1O &
OB

1. gage

gk Sl

7 ()

ﬂlﬁ 1 ‘J’?
(a3t o) 05

&M&JO}‘&‘M‘S‘)’SPH L;:s))o Q)P):;fo)é)u \Y J&w
e o303l 5 iz

93 &lp ALE (3) 10 0,55 5 35 50 50 Jlad VY IS 5o

les g3l Ho ouls (5 S oslail Hlad b calises 4l ojladl
SeleayaS crl 53 ol cwl oad aslie Sl
A o3l b (g3l plowl (Gl (6l 38l slasgaS
Gl Ll (S &5 jsboles (2Bl 0525
NPFECHENE JYTIE Y BRI SN

Syt 5o has il 8 ety

_].\'10?
—_— s g
s sy S
25} === ke ol
|
|
i
~ 2 |1
< |
o)
< 151
~
a: 1
¥ u
Ch
T h
|
1
I
05F §1
! A
I !
1 FANP PN
02 14 16 1.8
(436) Ol x10°

AXMJO)‘LXJI 9o Lg‘)JALE u‘;‘:j))o O)Pﬁ}ffo)b)u.é\‘ﬂ Jiw
shos 03051 5 Blise



J&«k}&'-\ﬁ Lb)

w3 BB 3,05 1 55 g3k > sl alie

10
251 ; ; ;
N —— ALE 0
i —===5PH
: FAY e
2t .{
I
]
= ¥l
[ L |.”
?\1.5 Lr.F‘
i
‘= a1l
E“ Il
“-E 1t =|I .'l
g vl
i
1
L]
0sf
O ' 1 1 'l 1 W‘%&‘wa
04 06 08 1 12 14 16 18 2
(ab) Ol < 16°

la—ion JLad (g, 4w 8 958 0 oaline aS b len

PR IS (o (S shes O] g lad 4y Sy
S oo b 1) i Nig) @008 55 e LA () an
o3l Jobl a5, 5Lad Jloged lad ald wim b G ol 5l g

WS o oo Jho 4 oS b by (Sl g

& S Ao =
Loossin 3,95 0 oue ileoe slagtoy ol 5o
P9y 4w ;B Aleads dwo i )i..xi. l.’f:.vﬁ ] ).n)lsbo
SRR 250 9,95 0 40 47 9 890 3)5n ;0 4z | e
Iy oasy 3l stoldon S0 s (Sgydn 2 Cpuizren il
oM 290 299> 0 R 9§39 055 5 5 Az
B9y % S a5l SISV g, 50 Jo ey S o
Il (et 0gs s 4o I ALE is, 5 alle SPH
oldl jo zlogel Jdoas aS 5gy soae slallas 51,5Y g,
5 O a5l soae glallas > (sl siael g 05252
sl o sl 4z SISPH (g 050 Slgly8 w89 0
ik 5 el axlsn o SIS L Ll el (g i ke
P95 O30 =5 ALE o9y 055 ()1 50 b yially s 4y
65w Jis gl Lol w4z lge > 45 SIS L SPH

9y 2 Sl locd s Ly saspy 95505 1 sl
sl ol bsgie 4505 il b Jo oS o5 jlstnd
&l il LITAPYY (gl 0oy 551,8Y (g lwa i
o9y 6l e SPH LI EYEY ljls oniyy SPH (g5luais
shls o1 Gl bl glas g Lol #F v s ooy ALE
Bap mhaw ax ST e g 5lwans cpl jo aib o ldl VAT .
Wl 00l S5 sl slagledl 5l Slas oLl slay
ol o0 48,5 a0 Lo Bu mhaw i a5 Ll I Ll
J—= bl )0 s Bon mha w0 00l olon] s
S ol 3l

3 SPH 551,55y, 4 55 o0y Joe S0 5005 0926
Sl ool VFSS jo Lasie slagl; ;0 ALE

HdS

41V

4l Js - /7

sl s -1

4l o VIY

ALEjSPH‘)J‘JWuuj)M)QO.M)AJ;MJS.wMOj?U\?J&M‘

b ol i o5 S 055 5 bl

slagla; o 1) (stebive S50 s 00i sy Joo (sl (g 4

Slm o S e 50 jlad Ol WS e St LS
el oael VY JSCs jo gy dus



WA Gl /Y 85l coas3l 350

oot SEKe pwkige

[5] Langrand, B., Bayart, A.S., Chauveau, Y. and
Deletombe, E.; “Assessment ofMulti-Physics FE
Methods for Bird StrikeModelling — Application to
a Metallic Riveted Airframe”, International Journal
of Crashworthiness, Vol. 7, No. 4, 2002, pp 415-
428.

Airoldi, A. and Cacchione, B.; "Modelling of

impact forces and pressures in Lagrangian bird

strike analyses". International Journal of Impact

Engineering 32, 2006, pp 1651-1677.

Wilbeck, J.S.; “Impact behavior of low strength

projectiles”, Air Force Materials Laboratory; 1977.

[8] Cassenti, B.N.; “Hugoniot pressure loads in soft body

impact”, In: Proceedings of the 20th structural

dynamics, and materials conference, 1979, pp 241-8.

Mao, R. H., Meguid, S. A., Ng, T. Y.; “Transient

three dimensional finite element analysis of a bird

striking a fan blade”, Int J] Mech Mater Des, Vol. 4,

No. 1, 2008, pp 79-96.

[10]Mao, R. H., Meguid S. A., Ng, T. Y.; “Effects of
incidence angle in bird strike on integrity of aero-
engine fan blade”, International Journal of
Crashworthiness, Vol. 14, No. 4, 2009, pp 295-
308.

[11]Lavoie, M.A., Gakwaya, A., Nejad Ensan, M.,
Zimcik, D.G., Nandlall, D.; “Bird’s substitute tests
results and evaluation of available numerical
methods”, International Journal of Impact
Engineering, Vol. 36, No. 10-11, 2009, pp 1276—
1287

Yo

oy sboyally e 4 5l 5l wleS e g oy
S, bl slas slaLadl iy pad 090 oyl 1 ogdle .culs
08 LS 1y oin gy S8 et Ol 5 S970 4 0y
(599 dw dolie |5 10 090 Ry, ol SYIE] Ko )
03y 9,55 1 il o )0 [, SPH. gy (Sl

Ao o Ll

&l -4

York, D.L.,.Cummings, J.L., Engeman, R.M., and
Wedemeyer, K.L.; “Hazing and movements of
Canada geese near Elmendorf Air Force Base in
Anchorage”, Alaska, Int. Biodeterior. Biodegrad.
Vol:4, No. 3—4, 2004, pp 103-110.

Lucy, L:B.; “A Numerical Approach to the Testing
of Fusion Process”, The Astronomical Journal, Vol.
88, 1977, pp 1013-1024.

Gingold, R.A. and Monaghan, J.J.; “Smoothed
Particle Hydrodynamics: Theory and Application to
Non-SPHerical Stars”, Monthly Notices of the
Royal Astronomical Society 181, 1977, pp 375-
389.

Lacome, J.; “Smooth Particle Hydrodynamics - Part
II”’, FEA Information International News for the
World-Wide Engineering Community, November
2001, pp 6-11.

(1]

(2]

(3]

(4]



