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Effect of different relative density of aluminum foam filling on
crashworthiness of civilian aircrafts

MIAO Ruihang', WANG Dawei', ZHU An’an’, WANG Jiwen', ZOU Tianchun’

(1. College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China; 2. College of Safety Science
and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to satisfy the requirements of civil aircraft crashworthiness, a method of using aluminium foam as fuselage
section filling material is proposed, and on this basis the energy absorption characteristics and impact response characteristics of
fuselage structures filled with different relative densities of aluminium foam are investigated. Firstly, quasi-static and medium strain
rate (0.001~100 sfl) compression tests are carried out on aluminium foams with low, medium, and high relative densities, using an
electronic universal testing machine and high-speed power loading systems. Secondly, an equivalent finite element model for
different relative densities of aluminium foam is established and the validity of the model is verified by comparing the results of the
model analysis with the experiments. Finally, the aluminium foam equivalent model is applied to the analysis of civil aircraft
crashworthiness and the damage pattern, energy absorption, and acceleration time course of the fuselage section in the passenger
cabin floor after placing aluminium foam of different relative densities are analyzed. The results show that the platform stress and
volume specific energy absorption of the aluminium foam increase with increasing relative density, while the opposite is true for
densified strain. The addition of aluminium foam-filled energy-absorbing structures better balances the energy absorption rate of the
fuselage frame components than classic frame construction. At the same time, as the relative density increases, the energy absorption
of the aluminium foam gradually increases and the peak acceleration of the cabin floor decreases, indicating that high relative density
aluminium foam has a stronger cushioning and energy absorption properties than low and middle relative density aluminium foam,

and these provide theoretical support for the application of aluminium foam to the crashworthiness design of civil aircraft.
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Fig. 2 Cellular defects of aluminum foam specimen
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Table 1 Mechanical parameters of aluminum foams with different relative densities
Relative density ~ Elastic modulus/MPa  Plateau stress/MPa  Densification strain ~ Energy absorption value/(MJ - m>)
0.124 163.98 2.32 0.69 1.45
0.166 233.07 3.99 0.63 242
0.192 345.84 5.07 0.59 3.12

1R, BEAE AN B BEREOR, -5 B DL AR
UM BETH i, S5 AR
22 NMTERIEKRBESEEERIMS T

Pl 7 Sy AN T AR % 1 160 TR B A v e 2 A o
AR R R B R4 1 g - AR 2,y T T, B
BRI T1 A1, TRl — R X4 BE B R AR IR, RS2 TR

Bk, P77 A L s B BE L RSP B B B
HOEALH BL. T LA ), A [R)AR R 8 v IR A
TEAR N AL FT, 4R B ) -R0 A8 27 5 B ife
S HR A8 DU R B B0 W 2 4R 7, X 2
TAEJE P & Bod PR 55 B 7070 FLBE K Az I it s
1, B 0N AL R AR R, R A LBETE N 8]

N .. [20]
45T R IE R S UERES AR S B A S B — RN ST B ) B3 AT TR
12 14 21
10-(a) —=—0.001 s~ 121 ® 00015 8@ 0001
D 10} DN 15|
g 8l 10" g 105" §
3 6l —~—100 s~ 3 8r —~—100 s~ 912'
o o 6r o 97
B 4t B 4 B gl
2 2 3
0 0 0

0 10 20 30 40 50 60 70 80 90
Strain/%

0 10 20 30 40 50 60 70 80 90
Strain/%

0 10 20 30 40 50 60 70 80 90
Strain/%

P 7 AR % BRI BRTE AR R R AR TR 1 -MAE 2R (a)p=0.124; (b) 5=0.1665 (¢) p=0.192
Fig. 7 Stress-strain curves of aluminum foams with different relative densities at different strain rates
(@) p=0.124; (b) p=0.166; (c) p = 0.192

Pl 8 Sy AN [ AT %5 52 114 960 TR B AN [) o A 5%
B RS BE B 5 B3 AR AR B, SR B, B
AR RS W IR AR T Al BE R AN K, HLBEE AR
WO, R BE O AR . KR R g AE Bl

A TEARTEOU , A RE s AR B AR A AR —

—=—75=0.192, yield stress 9
—e—p=0.166, yield stress 8
5t ——p=0.124, yield stress ©
D“_’ —=—75=0.192, plateau stress 79
= —e—75=0.166, plateau stress 2
S 4l ——75=0.124, plateau stress 6 3
(7] [ ——— ()
=
L 55
2] L
23 43
S 3%
O] I — a
2
1 1
107 100 10° 102

Strain rate/s™"

Bl 8 N[RIAE N5 BE IR AR AE 45 I
-5
Fig. 8 Yield strength and Plateau stress of aluminum foams
with different relative densities at different strain rates

JOLAE A S A ik

E MY FLBBRBE , (H R T ML A 38 50 | S5 AR
VR, HMEFLSRIS AL E D, DR AE AN [ B
AR R 1) W A I ) B0 K DSTITR 1 DG e 3 /A
AOTEIRER, BR T A7 1M BE BRI SN, BRI 5 R B e
AL TR S A7 AR R I M AL I, A AR AR Y
FEARTE L, X LEJFL BRI LA B SR R 5 A T 15
J5 o TR FLBELE N R ) PN SRS B 58 U g 8537
A, PRI S S50 AR AR B0 AN 8 A/ N
HLRER PN R IL A7 A1 AN K, Jes i 5k JEE A8 AR AN Gk X
R M IR R AR . LA, BEAE AL AR A i
e, AN [ RH 8 B2 B R BR 6 1 A W R AR
&, A 6 BT XHR 2ZE B 3% LA, RWITE
Hh AR A AR XA PN AR S IR AR - 5 1 )5
Wi 7] 22 W AN

BT LRSI A A B, WIREAE | RN AR
N B HGR J1A S R S L — 2, AR
ZETE 3% LA o BRI, T RUIA S P L IR S 7E
Hh AR R 3R X ) AR AN BURK, TR i SRS



559 1]

ANTRIARXH 4 BE W PR A T TR RALad A Y 5 i 73

Fi, A B TR LIRS S A
3 ERAEANEEEET

3.1 EREBEST

HERE SRR MO R -2 N i O I 1 R R 3B = VA
Voronoi HAI TAERIK (K 9(b) ), H R T B
LRI THORAS 1), 75 2230 3 A& RS8N Bt
HLEFHE Bl BA P 43 A7 o i sl M a0, 5

LR RS (1 A 90 A5 X~ B 1) 25 KR DL, 3235
P TETE T AT W 2 W e A A T
POV B TIT LA 45 A RS R i, 3%
HALER R A5 2L PRI, AR TSR FH 2 WA 4
Ak 72k, 25T HyperMesh $ 3 PR 48R40 1 8
SN TH R BT, Z 0w HH g L 9T, 78 LS-DYNA
PR 32 X SR PO A T T TR bR L S v 5
S FRICRIRAIE 9 (o) R, ZRRRAY 3 345 i
RAS I ORI IR LA B 3R I 2 S

(c)

Ko MIRERAESAE R R B (a) SCH s (o) OSSR (o) 2 MAS AL
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(a) test equipment; (b) micro-structural models;

(c) macro-structural models
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Fig. 11 Fuselage frame structure

(a) typical aircraft fuselage frame structure; (b) fuselage frame structure with

the introduction of aluminum foam in the lower part of the cargo hold floor



459 1] ANTRIAR R % BE IR R B e RALIE BA R Y 52 1 75
K2 HULEHER IR A ERES AL
Table 2 Mechanical properties of fuselage frame components

Part Material ~ Density/ 10° (kg - mm73) Elastic modulus/GPa  Poisson’s ratio  Yield stress/MPa  Failure
Frame Al-2024  2.67 73.1 0.33 241.32 0.14
Stringer Al-2099  2.63 78.6 0.31 475.75 0.06
Skin Al-2024  2.67 73.1 0.33 241.32 0.14
Under-floor beam  Al-2196  2.63 76.5 0.31 510.23 0.06
Strut Al-2196  2.63 76.5 0.31 510.23 0.06
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Fig. 12

Deformation of four models during the collision

(a) classic fuselage frame; (b) low-density filled;

(c) medium-density filled; (d) high-density filled
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(a) classic fuselage frame; (b) low-density filled;

(c) medium-density filled; (d) high-density filled
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