— o3 B 3 v ) B I 1 BB AR v

i FEY Fufm Lt 9 AR B

A Numerical Modeling Method of Gelatin Bird Projectile Suitable for Wide-Speed-Range Impact
PENG Hongho, HOU Runfeng, LI Xuyang, WANG Jizhen, BAI Chunyu, SHI Xiaopeng

FIHASLC:

S, GENNE, ZEII, . — RS B A SRR IR, 5 FEMIIRAEAR, 2024, 38(5):054201. DOT:
10.11858/gywlxh.20240726

PENG Hongbo, HOU Runfeng, LI Xuyang, et al. A Numerical Modeling Method of Gelatin Bird Projectile Suitable for Wide—Speed—
Range Impact[J]. Chinese Journal of High Pressure Physics, 2024, 38(5):054201. DOI: 10.11858/gywlxb.20240726

TELR L View online: https://doi.org/10.11858/gywlxb.20240726

FETT ARG HoA S EE

Articles you may be interested in

B g vhili N TCABR P AR B AT AR
Deformation and Destruction of TC4 Titanium Alloy Plate under the Bird Impact
B4R 2020, 34(4): 044102  https:/doi.org/10.11858/gywlxh.20200515

TCABRA 475 o ZE R XU I B9 S5 455 8 g =i 1o R A 103 R Ak
Dynamic Response and Damage Failure Behavior of TC4 Titanium Alloy Hollow Fan Blade
T EIBR2EA. 2022, 36(5): 054103 hitps://doi.org/10.11858/gywlxh.20220546

FEBYEAR 1 F R TBOSK & 43 1 8l 1A 1k fig
Dynamic Behavior of TB6 Titanium Alloy under Shear—Compression Loading
R B4R, 2019, 33(2): 024206  https:/doi.org/10.11858/gywlxh.20190713

IR0 BE X TBSBR G 463 3125 1 A HERE Y32 )
Effect of Aging Temperature on Dynamic Mechanical Properties of TB8 Titanium Alloy
B4R 2022, 36(5): 054102 https:/doi.org/10.11858/gywlxh.20220528

IE P L E X TBOBA 1542 Bl 2 T 2 MERE A O ZH LAY 52
Effect of Solution Temperature on Dynamic Mechanical Properties and Microstructure of TB6 Titanium Alloy

FEEIBR2EA. 2021, 35(6): 064104 hitps://doi.org/10.11858/gywlxb.20210762

el R AR R R A TIOALV B B 124 T A e
Dynamic Behavior and Constitutive Relationship of Titanium Alloy Ti6Al4V under High Temperature and High Strain Rate
R EIBR2EA. 2024, 38(1): 014101 https:/doi.org/10.11858/gywlxh.20230743


http://www.gywlxb.cn
http://www.gywlxb.cn
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20240726
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20200515
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20220546
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20190713
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20220528
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20210762
http://www.gywlxb.cn/article/doi/10.11858/gywlxb.20230743

38 % S [=/ S SO 7/ B (= S e Vol. 38, No. 5
2024 4F 10 1 CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Oct. , 2024

DOI: 10.11858/gywlxb.20240726

—MiE A R R PR S M EE R T A

puE EHE 2 B E, aAE, AR R
(1. v E RAURA TS TR BE, K 300300;
2. E AT PR AS TR2E 2, KEE 3003005
3. EKHLIR BRI, BRPY P4 7100005
4. pE RATICFRHE QB A e B, KHE 300300)

BE: VRSB EFAFEFTEETRAE AR Y., VHAERAIRE B AN KA
FEEARERELE N A A, FRT 330 g RE #LL70~190 m/s # £ | 60°5
QNS I AAL TR AR, X THENHBEREFTAT., FREVA MAEBETHEENR
B, LA E o, B RN . A LS-DYNA #5727 § 3 i FEM-SPH ( finite element
method-smoothed particle hydrodynamics ) S A , KFERBER K EFE —4 5K KA
B ¥ Y& E A 1.33 MPa, W1 # & 4 115.95 MPa, Murnaghan Jk & % # % 8 y # 10.49,
ko % 69.77 MPa, Kk R4 & % 246.4 MPa, K B & 5 115, 4146 B R 7 % 0.21 MPa., 17
AGREXBEREARTN — B, A H A BEHENREE 2% UN, H BN RZE
10% AN . B FEM-SPH S AEA AA L SPHEA K O EAEGWHEE. @&
B A 42 2| B Hugoniot E R 5 &R EAME MR &S, B L E®R 5 E N ERBEIL,

X BIE; RS M, HERN; ARG, RERTRES S % 2405 H0R A

& 5> 25:0347; 0521.9 XERFRERS: A

B J i 25 AR RS L 25 A I E KRR, 2o R B R & Br iR, egeit, SR A Tl 6. 4
LRIETY | A AT | AT G Rl 55 25 A B B, 18 a7 M B TE 75~ 260 my/s IX[H], 3 B 0 ] Y 5 1 R, 4% [
TE LR A BOR AL AS AR ER B Hh o8 BT S I

LT AL g SR A S, AT S5 A RO, AT s G vELr . 5 KSR 45 R 1 — 3
PR SR A, W T AR ISR E S, IR B L TR AR il & T AR, BET, BT K
AR R B A B L2 W50 72 IR 2 5 1, Lavoie 4™ JFJ@ T B IR 2 #2195 m/s A% & 1E /48 wh s
BRI, SR AR I PR K 3l ) MRk G Z2 3 RS T 12, 18 AT A% ) H -Bk 47 (arbitrary Lagrangian-
Euler, ALE) 836 161 b1 it 74 8l 71 2% (smoothed particle hydrodynamics, SPH) 575 #1705 B, Bk T 45
R HERGTE . Zakir 25U TR T B 3010 70~ 180 m/s 33 & w45 AN AR 86, & B SPH 7 145 %)
1 i WA AN S AL AR S5 5 45 R B B i — Bk, B R S e D R (A 22 AR . SR
AU HEAT T W R S e AR A & ARG, X T 80 m/s AL, A AL AE I H G M A, X T
130 m/s &%, f#H SPH 454 Murnaghan Ji RS AW, 15 2] T 5 A EE R . Aslam 8" 3R
H Mooney-Rivlin # #45: #4 FE 25 & ks B B B HEG X H T 122 m/s (B R 52458 3056, 12056 20 5 80(E i

* WS BEA: 2024-02-06; 2 [E] HHA:2024-03-29
EEWE: P Rmi AR 55 2% L 1009 4 (31220200069 )
EZ® N W (1972—), B, Wit @202, 32N G & ShUUEE 7387 . & S FLAEAE B ] SEERTF 5.
E-mail: hbpeng@cauc.edu.cn
BEEE: ABMO987—), B, ML, JHl, EZMNERILL W By 5 RYLZE AL 20T

E-mail: xpshi@cauc.edu.cn

054201-1


mailto:hbpeng@cauc.edu.cn
mailto:xpshi@cauc.edu.cn

%38 4 SIS —Fhid ] ST Y e S SRS AR T 1 55

MZERIEAMNF o Pernas-Sanchez 451 BEAT 178 %5 58 1 5 11 Fil (70~200 m/s) A B Ji¢ 1 9t ivp o 8 38 < R
FRCSE, 25 R R, AIGE T.00 T SPH S5 R JCIRAR 4 b P50 S5 AR i A2 1 B BK Mt 8l . 25 Uik, 7 BT
B RIS, X TS [ B DX SR A (] 9 5 (R A A A0, IR T SPH 88 AU TG 12 5 4 b 1 34 % 1A i
B, HET U, ABETE I TE Bl T 22 A B W S AR WP AR, B A S e 5 R Sl A e g (s o A
) EROT I, 85 A A B B4 L ) B & . FEM-SPH(finite element method-smoothed particle
hydrodynamics ) 5% # H AR AT A S 85 S, 8 7 — ik 140 o 1R 31 L 1 WS 5 B (E A AR, g A
TR h e i 0 B SR R — e 2

1 AR 558 M i ie

L1 BiEREEXE

U6 i B9 28 R B e A AN AT 1 s o o IR 5 R SR, T 0 T A s ORE S SRR ek
FUARIE T s o 3 A TR 1) 3030 R B 2R A% 3o vl 1 508l , RS A T ) e 3k B AL T 00 i 1 3R AT
R, A5 A e B AU T 0 sk S sl i AR R AR TR | BERR TRIRSE

Light source

@ Rigid wall

o
ompressor
Gas gun separator | gepgor

S . Target board
Gelatin bird upport frame
in sabot =~
High-speed
. Data camera
Controlling acquisition
system system

BT Sk BRI

Fig. 1 Schematic diagram of bird impact test apparatus
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Fig. 2 Shape and size of target plate
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Table 1 Test results of bird impact under various impact conditions

Case uy/(m-s™) 0/(°) Plate shape Bird projectile No. (m, actual impact velocity)
1 110 60 Rectangular 187 (334 g, 110.1 m/s), 20" (329.5 g, 107.0 m/s)
2 110 60 Rectangular 29% (326 g, 114.7 m/s)

3 120 60 Rectangular 217 (327 g, 124.6 m/s), 227 (328 g, 124.1 m/s)

4 150 60 Rectangular 23 (331 g, 150.1 m/s), 24" (330 g, 153.7 m/s)

5 160 60 Rectangular 25% (331 g, 166.6 m/s)

6 170 60 Rectangular 26" (328 g, 175.9 m/s)

7 180 60 Rectangular 28% (331 g, 185.3 m/s)

8 190 60 Rectangular 27" (332 g, 191.8 m/s)

9 70 60 Square 39% (328 g, 75.2 m/s), 40" (328 g, 73.6 m/s)
10 90 60 Square 37% (328 g, 94.6 m/s)
11 100 60 Square 38" (327 g, 99.6 m/s)
12 110 90 Trapezoidal 17 (336 g, 112.9 m/s), 2 (328 g, 113.1 m/s)
13 120 90 Trapezoidal 5% (333 g, 125.0 m/s), 12" (334 g, 121.8 m/s)
14 150 90 Trapezoidal 6" (332 g, 149.0 m/s), 7* (328 g, 148.8 m/s)
15 150 90 Trapezoidal 8" (332 g, 153.4 m/s), 9" (333 g, 148.8 m/s)
16 160 90 Trapezoidal 10% (325 g, 165.3 m/s), 117 (329 g, 158.5 m/s)
17 80 90 Square 34% (330 g, 84.9 m/s), 35" (329 g, 80.3 m/s)
18 70 90 Square 36" (330.5 g, 74.7 m/s)
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o By rp i AR e . WAL, whil Sy S AR, HOAT I (F,,) B BTN T 90° T oL H i, 42
Tl B BL4i A

120 Projectile 17 (F,,,=92.25 kN) 50 Projectile 18* (F,,,=38.32 kN)
100 Shock phase Projectile 2* (Fa=111.11 kN) lease phasg TS 20 (4795 KN
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z z Steady flow phase
=< 60 Steady flow phase 2 39
S 3
& 40 &
3 20 Termination phase 3 20
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~60 : : : - : : -10 : : : - -
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3 90ctd: Lol (i 12) iy whs Jyxd L &4 60 o0 (UL 1)t Joxd e
Fig. 3 Comparison of the impact forces in Case 12 Fig. 4 Comparison of the impact forces in Case 1

with the impact angle of 90° with the impact angle of 60°
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WP 0.25 ms B, 5800 4R vh i i RS R, S Ah I IR & AR 24, v R R T I UG e B
Jei, HEACFRRT S M BE, 1.00 ms B, SPAR0 20 B B S AR 45 5, 1% 0 ) 249 45 F 5 9 B B D 5 g o
J&53.00 ms B}, SR SE AR, phab il FREE A . (81 6 A S 5 187 IR B . SR 0.20 ms B
GERING, 7F 0.50 ms H IR A7 I (EL, 3.00 ms Pl it FREE A . AH L T S50 17, S5 187 T Ry
135138
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5 S Y mER
Fig. 5 High-speed camera photos of projectile 1*
Bl 7 7R T 90°%E iy T8 B 5 LA [7] o J3E 48 ol AR I 3.00 ms FAFE SRS L o ANTR] bl J8E 22 T
B SR A A IR B RE 2 wg=T4.7 m/s 1), B4 3 B 1 8] 55 LA K L ARDRE 3 B B IE R s 1y=112.9 m/s B}, T
HAR /N, wp ) e e 2 KRR, IR B B B ,=158.5 m/s FF, WEHREE /)N, FEAR 43 R /R ER
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(a) 0 ms (b) 0.20 ms () 0.50 ms (d) 3.00 ms
6 Shi 18 R R R IR
Fig. 6 High-speed camera photos of projectile 18

(a) 74.7 m/s (b) 112.9 m/s (c) 158.5 m/s

7 ATl e BT B e AR K150 1L (6=90°)

Fig. 7 Comparison of high-speed camera photos at different impact velocities (6=90°)
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x2 BASHMESY

Table 2 Material parameters of aluminum alloy

Density/(kg-m™) Young’s modulus/GPa Poisson’s ratio Yield stress/MPa Tangent modulus/GPa
2796 71 0.33 450 5

2.2 ETHBERN FEM-SPH ) Bk B 1&E 75 5%

BRI M KARIE | W AR RN B A 09 223k s s AT o0 o YA R feh B R AR R
AL, 25000 FEM 0hiss B H 3% . BRPL7E . ALE BiE 555 & A Mg i As, HMBR RS i R A
Gt AR, A ORI RR 22 MBS B, LA SPH T ik A AR 3R 1 TC A B T v R T B IOk, 1 R %
ek, AN kA RARTE 5 W AR, (HAFFE RN ERE | RS R 22 1 (] i)

2.2.1 Bi&ERN FEM-SPH 5 3%

FR A Liu 551" 9% 28 o R BRI, S5 AR B e R R e, HL AR A A8 28 3 R FH A 2 24
S I PR AR s 2 4 o R A R I, S R R A A AR, S B R T R R AR, A R R Y N R AR IR
RIT R ICRAE T 8 o 8 SCAR RN AR (1) 3 98 MR A B BB Y d ol T RS RUAIG E S 38E (69 m/s ), 45 [ [R) 4 3
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S RA K SHCA g E H

T LS-DYNA m@mwr (9 [ 3 W FEM-SPH %% J7 122 0] LAGE 4 FEM FIJC RAK J5 1k B AT 25, st
o ORI BRPEDT, %95 W fdi ] LS-DYNA rh 1) 55+ *DEFINE_ ADAPTIVE_SOLID TO_SPH, I I 75 % B
W2 553 004 RO SSARERAF ID. B4 IR oC o 4 il SPH kL + % i . %4 J5 (19 SPH #844F ID.
SPH 47 11 J& o4 DL K2 SPH R 5 WK B0 2 8] A & 500 o 1 1L 7 B2 50 SChiA% B H SE R Bt
B A AL A T e M L W R A R AT D R Ak B, O S SPH R I AR T L RS T R A R
M . ASWF M A SR B ST 4 R 1A SPHORL T, WA HOM [RI A9 %5 13 . 7638 3 W) 3, SPH KL 1
PR SR BT R 232 By, (AR S 2 5T, 5 A BROT T R SO BRES, A st R 3o %4 SPH
R, JFAk R IR BT R R . 1 B ARG SIA AH C S 4 ICPL R IOPT o 1, 3R 8 AL i SPH R 75 11
AR 5 o 3 S A BT 2 TR R S A LKL 6 X o7 B 70 2R RO I I A W80 DT ke B T PR T
O 3 1 B Jo AN SRR AR WA L Pl A5 IR, T R 2 R SR BT SRAE R K S R AR
222 RERTHHRGHIFA R LM A

UG B B i 5 3 e 0 o D A 05 0 K 1Y) B 9 P AR A4 R LS-DYNA i *MAT_
ISOTROPIC_ELASTIC_FAILURE Fl#7 4% B H 50 RAE, 50 PE A8 JE By B i Rz 7 - 1 A8 OC 3R fR 5 VI i
G PR TR K RAE

- 2(1b;v) M
K= ﬁ 5
Kb E W IR, v AR . B o HARIAR T IS 7, TSP A2 0 B B 1 7 7 - 728 5 R
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s o, HIBYER T), 6, WA BOIBYEN S, E, AIBYEREALR G, 3 £ DI, W E
E,=EE/(E+E) “)

B & N BRIT R B S K IBPE R AR, LIS SR AR D ALA Ty, BRI >, B, BAT0K 3R ERAE T, M i
JIRZE, MERLRBUD TR, Stk B B ST il SPH KL $2 il 595k FH DG B 7 *CONTACT_ERODING _
SURFACE_TO_SURFACE, ¥ Hi#% B H 244 e oy B, $H e SO F B, i O S 40 G K.
o E g
223 SR TKREFIEREHIR SPH A1

HF g 19, i A T S R A T, R, 4% SPH ORL T RAE, SR AR A5 75 72 (equation of state, EOS)
i SPHORLF WU AARAT Ay, DT AT R0 Hb 30 A 1 R B3 H S BT A T R AR I AR FTb I B4 o i A
A K6 3% F Murnaghan IR 25 5 F2 2 1E

p=po+Blo/p)) —1] )
Kb p MK, p, WG TETR, o A TAKRBER %, o, RIRAWIGEE, B FRE T RS, v H &
Z %, LS-DYNA ' Murnaghan R 5 R ) £ 150N

p=kol(o/po)" —1] (6)
S K S O RS TT RS R by MR Ry PPRHESE MAT_NULL =548}, 260 R A T s 2
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#*3 SPH BE#MRSHK
Table3 Material parameters of SPH bird model

Density/(kg'm™) Cut-off pressure/MPa Dynamic viscosity/(Pa-s)
950 -1 0.001

3 BAREHSHMUEBRIERIE

30 AMSHRERE

K A BUOE AL 3R A Tsight, T 55 7E 90°F 60°4 i T.400 & 45~ B B IX (] e B 1 AR, gkt i
BEAVA A 1> Simeode 144, R S i G 5 24, IR LS-DYNA i 47 k 3O, @5 2 4
Simcode 4114 4 FH J= Ab BREKAF LS-Prepost i 28 i 2 il 28, b e 220 2oy 55 T Hia% 9 H Hoc 5
SPH KL+ 75 1 I 2] (1 W B o o5 07 09 2t R . % 3K 30 28 far 0 5(E 43 A 28007 149 B 2 i K i A Data
Matching 2014, 755 2 S e i 2 xf 22 (H 2 . (i FH I35 157+ DOE (design of experiment) 28, id i fi
AR T B S 7 AR, ZESEUE S BN 21 B0 1500 202488, itk BAn M pr A Tl 2 Scih 2y
YN ZEAHZ M/ N o 3 4 9T AKE S 5000 B T 1 A pE A s 2R o

#*4 HIEN FEM-SPH RE N ABRSHMULER

Table 4 Optimization results of constitutive parameters for adaptive FEM-SPH model

Value E/MPa G/MPa Y K/MPa ky/MPa & o /MPa
Range 0.01-2.00 1-300 1-20 1-300 1-300 0.01-1.20 0.01-1.00
Optimal value 1.33 115.95 10.49 246.4 69.77 1.15 0.21

32 AWESHBEYMHEEIE

R YR GE A S B A R, X H T BUERG S RS A 2 e L s E A ASIE S . R SPH U
1, PEHUZS B KL K Murnaghan JR 25 5 B2 S50 k, = 282 MPa, y = 7.95%, R FH i 458 195 % TR A 3 90 Pk A 7Y 2
# G =261.6 MPa, K = 188 MPa, o, = 1.249 MPa, E, = 3.017 MPa, &,= 0.81!'", 73 3| 2 7 B} Jie 15 S B (i A5 480,
SPH ki T4k 10104, Fiks B H HITECH 9700, FEAH R T 00T, WAL S A M B 5 [ 36 N FEM-SPH £
RIEATRT L o
321 AEHENEABEIELE
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T o By AR 2T LL W& 8 BT7R o X 90°%i iy T4, 1 3 N A< 44 1 3 ¥ M A A 7F u,=74.7 m/s il
u=112.9 m/s B 251 15 21 B ASE 0 38 1 il 8 345 5 30060 il 2k 45— 3K, 76 P RUR sh B BE, SPH AR #4715 21 (1
AT KRR 7E up=158.5 m/s (IS5 1F T, B PEAS #1530 (09 2y /K7 550 45 A 22 0K, A TG R AR
A 0] i 35 B o A0 b s 7 o X T 60048 o T 0L, 7E uy N 73.6. 1101, 191.8 m/s (Y4 14F R A & N A ¥4 il
SPH A A4 (A 40 25 SR 24 5 3 06 04k W 5 A5 0, L0 M AR R RS0 235 SR 00 O v o S5 DL R A B, 8
i 28 11 H 35 5 B, 0 Sk A R 5 AR ) o R A A e v T IR T K

19 FE 10 25 H T 90°H1 60° T 450 T HifE AR #1510 75 21 1) 2R Aer WAL F,, B bt T IO XT EL . X F
90° T %, H i i FEM-SPH A5 % 15 2] (1) 2 ff e {5 -5 12560 (5 09 AH X R 25 78 2% LA DY, it 9 AR G R 22 S AR
1E 10% LA, A8 L6 T SPH FIHLAS B H AR, B 3 S A9RE BE . X T 60° T4, A i& )i FEM-SPH 5 Al 15
1) (1% 288 Ay 06 1 % v it S5 00 465 SR A A X R 22 ¥4 10% 2247, SPH BN [ 1% i FEM-SPH 45 78 24 LAY
2 e WA ADORG B, A B9 H AR TR g B 5 SR 5 S IR 25 SR A ARV R 22 R
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Fig. 10 Comparison of the numerical and test impact force peak and momentum under 60° impact
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Table 5 Numerical results of normalized Hugoniot and stagnation pressures calculated by different researchers*'> %227l

Ref. uy/(m-s™) Normalized p Normalized p, m/kg Density/(kg-m ) Bird model geometry

[20] 116 52 1.5 1.8 938 Hemispherical-ended
[21] 200 6.2 1.2 0.6 930 Cylinder
[22] 116 6.8 1.0 1.8 934 Hemispherical-ended
[22] 197 4.0 1.0 1.8 934 Hemispherical-ended
[22] 253 33 1.0 1.8 934 Hemispherical-ended
[18] 116 13.8 0.9 1.0 950 Hemispherical-ended
[23] 116 5.5 1.1 1.8 950 Hemispherical-ended
[24] 225 3.7 0.3 1.8 934 Cylinder
[25] 116 12.7 1.1 1.8 938 Hemispherical-ended
[26] 116 9.1 1.0 1.7 950 Hemispherical-ended
[10] 116 15.0 1.3 0.2 1019 Cylinder
[27] 116 14.4 1.0 0.8 938 Hemispherical-ended
[27] 225 11.7 1.2 0.8 938 Hemispherical-ended
[27] 253 11.5 1.1 0.8 938 Hemispherical-ended
[12] 95 5.8 0.9 1.3 968 Cylinder
[12] 117 4.9 0.5 1.3 968 Cylinder
[12] 145 4.1 1.6 1.3 968 Cylinder
[12] 175 3.4 1.9 1.3 968 Cylinder
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A Numerical Modeling Method of Gelatin Bird Projectile
Suitable for Wide-Speed-Range Impact

PENG Hongbo', HOU Runfeng?, LI Xuyang’, WANG Jizhen’, BAI Chunyu’, SHI Xiaopeng®

(1. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China;
2. Sino-European Institute of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China;
3. Aircraft Strength Research Institute of China, Xi’an 710000, Shaanxi, China;
4. Science and Technology Innovation Research Institute, Civil Aviation University of China, Tianjin, 300300, China)

Abstract: Previous studies revealed that gelatin birds show different mechanical behaviors at different
impact velocities. In order to solve the problem that the traditional constitutive methods of gelatin bird
cannot be universal in different velocity ranges, the tests of 330 g gelatin birds impacting rigid aluminum
alloy plate at 60° and 90° incident angles, covering a velocity range of 70—190 m/s were carried out to record
the impact force data and impact morphology. With the increase of velocity, the birds were broken more
fully and smaller fragments were observed. The adaptive FEM-SPH (finite element method-smoothed
particle hydrodynamics) model of bird was established in LS-DYNA, and a set of constitutive parameters
were inverted according to the test results: tangent modulus equals to 1.33 MPa, shear modulus equals to
115.95 MPa, the parameters of Murnaghan equation of state y equals to 10.49, k, equals to 69.77 MPa, bulk
modulus equals to 246.4 MPa, failure plastic strain is 1.15, yield stress is 0.21 MPa. The simulation results
were in good agreement with the test results, and had higher accuracy compared to the SPH models and the
Lagrangian models. The Hugoniot pressure of the adaptive model had the same change trend as the
theoretical value, and the stagnation pressure was close to the theoretical value.

Keywords: bird impact; gelatin bird; adaptive; finite element method; smoothed particle hydrodynamics;

constitutive parameters identification
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