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Energy absorption characteristics and impact resistance evaluation of
honeycomb structures under different unit cell

morphologies and bearing directions
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Abstract: To study the effect of unit cell shape and loading direction on the mechanical properties and
buckling mode of honeycomb structures, different honeycomb structures were prepared by additive
manufacturing technology, and static load tests and dynamic simulations were carried out. The results
show that the stress curve of the honeycomb structure shows a four-stage change trend. The hexagonal
honeycomb structure supported by the unit cell diagonally has the highest platform stress and total strain
energy density. In addition, the collapse of the unit cell is mainly due to the shear deformation of the unit

cell, and the quadrilateral honeycomb wunit cell undergoes severe buckling instability during shear
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deformation. The instability mode of the overall honeycomb structure can be divided into two types:
oblique and transverse initial shear bands. In the simulation of large-scale honeycomb structure, its anti-
shock ability has been evaluated. The analysis shows that the energy absorption value of the structure can
reach 10° J, which meets the requirements of the energy absorption shock absorber. The findings can
provide a theoretical foundation for the design of the hydraulic support anti-shock energy absorber.

Keywords: rock burst; energy-absorbing shock absorber; instability mode; honeycomb; additive manufacturing

Hh I AR S DAy 2 PR ) RE AR S ZEAR R — B I 18] AN 2 e A8 IR T RAT AR R — A & 52 SRR R . H
T AR S T 38 MR 9 B 3¢ T R 38 20 1] R S A o o 3t T 2 ) T A R ™ L R T R N T
ROV P4 K o AR SO B Ak vl R Bl ) 9 R — A E BB T H BT REET B STz SR AT R S A
52 BB vh it b S SO R G T R AR SRR B R RAWRT L TR L 7 T T SR TR BRI I B T
A 8 SR AR GE R Bl v RE 3 2 iR R R ) )

1R 08 738 3 R T B4 W S SR 7 38 i 5 b i L 5 7 A AR S R R R AR IR . Oy T s W S 4
05 G IR B ) BV 22 2 0 o e T RE S R e b RO AR B X U R S AR S Bl R R i AR
ER VB AR AR T U BN SO - R B A SO BRI T U B A S A BE AT 4R B . Wang
SEUIRR N T — b e A WSO TT R AT S I A SO R G TR B MR Y AR R R L T — R AR R A RCE R
A IE SRR SRR, O TR R SRR N B I M A 9 — L SR B T AR Lk L By i S B
TEIR R S A A B v 0 A 3 o By o 0 R e 1) 22 TR TR R oA W A ot i P e ST T B ) RE L O R HEAE 4R
HEZE PR IR] . B X B oh W BE A% A9 BT FEIA AR BT T — A S A BEL LA B e L R A KRR A ST A R
Zpdidr . VRIESEAET BRI T — Rl B A I TR S EE By e 0 R 2R L T A AR AU 9 0 R A A B e
RE &% A RO AE T34 RSP v RO BELJE L AT 75 4 22 T W BE R P A 108 S 4 1A 2% A Bl o ol 1 DR W2 BE O S inf
R A AR FEALAL  Bs 1 B ST R R R B

G TR MRS P b A AR R LRI T2 SR FH B W RE BTy o 5 A% O K P LK TP Rl 235 A AT A A R R 6 )
WL IRBH BT 5 W0 4 A 2 Al 8y b b pR L A R . MR AN MR — Ah A R AR PE Y 45 A L DL
5iR i RO 7 19 28 TP PR R IZ N T 28 0K L P B AR R A 1 LA R Ay R Rl Y B o BEL 2
o ACZE ph A TS K 5 A I W 0 A A O S e T T A S A R e e 5 1
AT NZ . WS A AL S 0 % R R RRRE I BB 65 G I B i R B A 2 i B 9 R0 B R AR T T AR Y
PEFF A . 3 B3 A A e R AR (4 M ST AT B R D IE 7S B L A R At b SOk R T VF 22 H A IR e R AR B 2
FLAPRE . E AT T 39 58 454 A W5 22 4 b T ) 2 R L i = 08 B s A AR R AR LB WF 5 S8 T LI
HRAZTT 1) X 3 83 7 P B8 S G AR 3 52 i T 5 AT A ke

AR S A I ISP BT A [R] SRR 5 O [ R 27 1) e 5 2 A Y S e O L R AR
B AL s EAT 1 0 HOBUE AU B AZ T H A ) I 96 g A0 T AR AR MIL B 5 O J8 LS8 JRUSE T B 3 R RE 45 4
4 0 ELREALL, 55 R RE By b A HEAT HE A, of e 85 45 440 Bs o B8 0 B AT I AL L BT A5 4518 7T LI Ry SR 2 4 B v g
REAR 19 B $E A BB AR
1 BB R 35 A0 A £ 77 [a) ot i 55 45 ) TR e 45 14 2 i)

11 & 5N =E

Y BE AR By e RE R A P 1 T L By i R R IR BT A S AR TR L 7 B e I R A PO B B 45 4 L TE

infrety SR Mk I 7 AT B2 oA o ol R A A5 T 2 0 5T A5 A L 6 S 4 R VR I T BE A T DA TR SR HE L 07 $i2 3t 2

BrBe.



% 12 4 KA R R I SR Ae R Ty &) T 45 A AR A L R T A ) R A 3

3D ATER, ORRIE A il 1 o S — Bl Ll A R Y i AR A2 AR R
S SRR AU A 3D T B A K B PG A T R R A L 1
HAE T L BE% £ BLE 2 TUTIEAR L [RIEE 3D T ER 254 5075 5 1 1 L e g A
i B AR B 1 L SRR T 25 A S B & R LA A . TR a5 BT
BT SR SR FH G A AR R B T2

I PR FL R (PLA) B8, PLA J& — F & B9 &5 20 741k, HoAH &
PE AT Rk HLARYE BE R 4 BEPE BB R AT, i TR AR BTz . A T E A
G W BT TB A Xt L AR BB 5 i) L 38 RE T T A R R TN T (8 L A A
A PLA BBE, AU BT PLA BB AR SRR 1 s,

£1 PLAMBSH

Table 1 Material parameters
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PLA 200~230 1.25 36 150 Fig. 1 Schematic diagram of honeycomb

structure antishock energy absorber
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Fig. 2 Cross-sectional views of honeycomb structures with different unit cell shapes
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Fig. 3 Schematic diagram of honeycomb structure
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Table 2 Parameters of honeycomb structure

E N Rt /mm P TR IR B AR BT 1R BE#HK [/ mm  HEEEE (/mm
4-A 40X 40X 60 iE g X A K E 8.00 0.8
4-B 40X 40X 60 1E 30 AR 8.00 0.8
6-A 40X 40X 60 IEARME Xt 7R 2 4.62 0.8
6-B 40X 40X 60 ERHE 30 R 4.62 0.8

SRR A [] e 5% 45 K 7 32 RS T W REVE & R = SR i el 7 7 i 3 80 ML 200 A 7 o i R 4 3 6
R ARG 4 frn, FEAS R UTM5305SYXL, # it i K5 /1 300 kN K56 7 90 575 Bk 0.4 % ~
100.0 %, HEAA BE S 9% 0.5, LA 45 il 3 283 [ 20.001~250.000 mm/min, 4 T 438784 55 25 14 R R ALl S 4%
S AR 2L R 50 SR A2 B8 28, 3% 2 mm/min,

MERARGE

AT M

l RERNRS

|

B4 ABRGZTEE

Fig. 4 Schematic diagram of the test system
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Fig. 5 Stress-strain curves of honeycomb Fig. 6 Mechanical response characteristic parameters
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Fig. 7 Stress and strain energy density evolution curve
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Fig. 8 Four-stage evolution law of honeycomb structure

1.3 TRKIZHE

B9 JER T A TR S 88 2 A i e TR 4 8 TR i i . A JE Rl AR 2 26,50 1 202 4-A S 45 f il 6-B
U % A5 ) IR R PR T Sl S b ) ) — J2 U2 TR Bt 1R IRk AR TR A L B S A2 TR A s 1 R AR T K AR e e
ARTE 32 WA SRR ) AR TR B TR . 3 2 RARIE RIS 4-B R A 6-A B 5T 454, 1O B AR R TR A 1)
) —JZ— 2 R, H s M it XCHUEJR AR P, DU 3 s, 7 45 0 55 45 50 58 0 B0 1 ) I A R AR, U 3
TE N RE by 17 20 g 7 Y e e, 5 S 06 T LM R 2 2R SO0 e L A B 0 IR L PR AR BT U AR IR . 4-A B
BT AL 4-B MR AR R RA T R B B M AR Y L A-A AR B ELTR S R R E 2R 1) Jm T 22 R A
Ja R A T MBER AL . RO B A ) B R A TR )ARIE . X T 4-B M, R M R AR R AR AR
YT AL R B/ o N TR e T R L A [ ST Y B g R e (R DU S O e s AR AR AR T AR . IE NI R



% 12 4 KA R R I SR Ae R Ty &) T 45 A AR A L R T A ) R A 7

JELAE S BT A T M BE S A R AU il A R AR R 1 5 52 g DT A2 B BT R AR 5 B e —
A5 1] BT ASTE L 905 e B AT 4B T e A R B JR s I

(d) 6-BIEEE L5 S AR AT R AL I

3 6 9 12 15 18 21 24 27

t/min
B9 AETEIE

Fig. 9 Sample deformation process
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Fig. 10 Deformation mode of quadrilateral honeycomb unit cell
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Fig. 11 Deformation mode of hexagonal honeycomb unit cell
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Fig. 16 Displacement-load curve and displacement-energy curve of energy-absorbing structure
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