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Abstract: The shape memory alloy (SMA) can deform pseudo-plastically under external load, based on which
a reusable impact energy absorption structure was designed. According to the classical SMA constitutive model,
the finite element model for thin-wall structures was established, and the dynamic characteristics such as de-

formation modes and energy absorption of different forms of honeycomb structures under different impacting

5l

velocities, were analyzed, and the optimal energy absorption performance of the SMA structures was obtained.
=}

In addition, through comparison of the energy absorption performance of the SMA honeycomb with that of the

aluminum honeycomb, the energy absorption of the SMA honeycomb with different structure configurations was

*

different from that of the aluminum honeycomb under different-velocity impacts, with the optimal structure
changes. The work provides a reference for the selection and design of the SMA honeycomb structures.
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Fig. 1 The UMAT computation flow
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Table 1  The geometric configuration and specific parameters of each honeycomb structure

hexagonal honeycomb quadrilateral chiral honeycomb hexagonal chiral honeycomb star honeycomb star-triangular honeycomb
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r=>mm a=60° a=60°
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Table 2 Material parameters of SMA

material parameter value
Austenite elastic stiffness E* /GPa 70
Martensite elastic stiffness EM /GPa 30
Poisson’ s ratio (equal for both phases) v 0.33
thermal expansion coefficient for Austenite a* /K™! 2.2x107°
thermal expansion coefficient for Martensite o™ /K™! 2.2x107°
Martensitic start temperature M* /K 291
Martensitic finish temperature M% /K 271
Austenitic start temperature A% /K 295
Austenitic finish temperature A% /K 315
maximum transformation strain H 0.05
stress influence coefficient for Austenite pAs* /(MPa-K™') -0.35
-0.35

stress influence coefficient for Martensite pAs™ /( MPa-K™!)

impacting rigid plate

LTI L LI T T T LT

T
fixed rigid plate

2 AR A RO
Fig. 2 The element model for the honeycomb structure
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Table 3 Deformation diagrams of the model with different numbers of elements

e=0.45 £=0.60 0.70
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Table 4 Energy absorption errors

N engergy absorption value at 70% strain E /] error & /%
5x10° 2717.74 15.15
1x10* 2411.24 2.17
2x10* 2272.02 3.37
4x10* 2 360.10 0
0.8 I WM
< ‘
a
=
N
N
é 0.4
A —— simulation
—— experiment in ref. [9]
01
0 0.2 . 0.4 0.6
strain &
3 WA EIRA 4 HRICERS 575 SOk S IR 45 N 7 -1 8 4k b 4K
Fig. 3 Deformation diagram of the honeycomb structure Fig. 4 Comparison of stress-strain curves between finite element

results and experimental results in reference

2 45 R br
21 TREXSH

5.6 4514 THE 10 m/s 5 100 m/s i T JEARICIC G 4 98 65 RS (AL) 8855 4510 i) T I
Hoh & Ryl aE R 24 SORG AE | BIV0e 53 445 By T I A 48 157 4% -5 M R ) B s B8 22 L.

R ) b B R 10 my/s B AR TEAZ A 4 A4 i 4 06 5 1) T PN Bh S R4 AT A AR R IX ) X F
NI WS ARl ss S tE b IR R AR RO VY BE FRAR T AR A E— S
BRALE A SR BE, 3% 5 SCHR [ 14 ] P 728 T AR AR B 1 T WK G012 B 4 W 65 10 g 72 489 50 b 43 A 70 45 A M A
W BE 46 A EAT , A5 MR & 2 38 50 R 4 AR T T 38 00 A S B Xt T DU sy T e 6 e o7 M A o
AR SR e 2 AT AR, A Z2 1 AT LR T ok, 761 Wi = AR T AN 0 3 1 R AR T A A B
F RS ih S R R LB (S BRI A B S B B AR IR G T T ARICAZ A 4 i BT B S AR ALY AR
T B TSI TR s fR s o AR i vl 1 S AR AR IE | B e TR A (S il 5 sh (R Y i i
Bl MRS L8 A8TE th B iy i A A AR (e SR e R LR £ Poisson LUAT N, B RITE AL



40 VA I G I A = 2024 4F 545 %

BEYALIE B M 5 S B s T IRAC AL B 4 53 1) 28T A1 20, M A 11 25 o 2868 349 ) b 73 A 7 8
AR B AR AT e At AN S B T R IE IS R s AR AR AL S 7 AR AR Y Z IR B R B
TE A5 B e S5 A ZERRY b vt BABURL N AT | 22 5 B H 4 iR TR A SE B B TR ARG &
U SR AR R BRI W R B B A A Poisson LUAT R, ZJRTE B Midm £ B VB IR
B R f e AR SR B TR IE = MR e SR s R T I BB A5 RIE IS
H T SRR 25 hRE e PR vh T 3 e BRI AR | 2 S 2 S AR A SE B B TR AR I & 4 55 1Y)
I 5 RIEIARICIC G A1 s AL, AE R A MU )5 7 B R i B VB ASIEAT | ZJm E A S B,
£5 10 m/s TS EIEE

Table 5 Deformation diagrams of the honeycomb structure at 10 m/s

V=10m/s e=0.25 £=0.50 e=0.75 V=10m/s

R R nan R nan:

Al
R 6 100 m/s B EEMATE A
Table 6 Deformation diagrams of the honeycomb structure at 100 m/s
V=100m/s = e=10.25 e=0.50 e=0.75 V=100m/s &=0 e=10.25 e=10.50 e=0.75
Al SMA

L RIPEAR Y i B 100 m/s I, 265 R R B R b i g B AAC Y A 3 S5 T S, OIRE R ) AR S5 4G
A B B I T 2 S 52 I BOR | &SRR ERREIE L T RN AR, B LR JF A BT, — )2
— JZ AR, EL BRI AR A S BE, (R IRICAZ G 4 6 3 10 R 0 RN et BT 4 v il A AR 1
T B ) SRR A A A 3 L

L5 LT AEPIFREE T JRARICIL & S 858 R e 53 1) A TR A7 A E 3 AR KA R AE 10 m/s B33
R s AR B B W A SR N AR A | W ARICAZ & 9 83 ) A 73 A1 BN 2048 100 m/s (4
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Fig. 5 Energy absorption-strain curves of the honeycomb structure
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@ hexagonal chiral honeycomb

@ hexagonal honeycomb @ star honeycomb

@ quadrilateral chiral honeycomb @ star-triangular honeycomb

Al: 10 m/s Al: 100 m/s
8.15 18.42
— — 14.70
- &4 588 & 1361 <]
= = 11.00
I I
5 P
©“ “
type of honeycomb structures type of honeycomb structures
SMA:10 m/s SMA:100 m/s
L83 12.42
2 o6 2 s 796 772 e
= 0.87 =
= 0 61 s
5 e}
type of honeycomb structures type of honeycomb structures

Bl 6 MLt 609N AE LW AEAIH
Fig. 6 Energy absorption values of 60% strain ratio of the honeycomb structure
2.3 MEHEEH
MIES AT H B il R 3SR, A S5 B RE R OICRE I A ) 1 R, X E 2Rt T
FE T bl AR 2R I E N ) 5 B R E] T B PR

@ hexagonal chiral honeycomb
@ hexagonal honeycomb @ star honeycomb

@ quadrilateral chiral honeycomb @ star-trigngular honeycomb

Al 10m/s<V<40m/s 40m/s<V<70m/s B70m/s<V<100m/s

1.55
1.361.39 1.42 1.45

P I| 1.21 Ii 7127122
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type ol‘honeycomb structures
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2.87
2.66
2.54 237 2.41

231

1.96 212 186 2.15 pum s
. 1.71 ©01.79 171 1.80 1.86

type of honeycomb structures
B7 AR
Fig. 7 Energy absorption growth factor
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2) M GGG R AR EE X L, R BB ARICAL A 5 09 8 1 AR S AR ks I REAS 2 B B 242 B
ARGYAR RS e A v I BE A SR B B A T B RS A (R IR B R 4R e TR ARACAZ S e A
REFFVERT 2 1 3O B3 1Tt

3) 7E 10 m/s A1 100 m/s Ml BE T Gl X LG 5 FIERICAZ & 4 e s 45 F 1Y L B , & B O 3 T4
ey BA TSR e T B B IR BERICR.

L LR RIBARICAZ S @ R T4k 2IE AR A T2 Poisson HUALN Y RLIE s 454, 25 HA L R
Yo rbe PERE Y R i SR Ry I AR TR A, I ARIC AL 5 i e s A5 A i S 1t 173 i) SB[ e, AR
WHFEAR I TIARICAZ G S S G B AR R BB S5 T7 Y 22 57 XA ARICAZ & Gt bl 45 A 19
WA % BB L
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