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Fig.1 Damage model of felled trees(A) and double
V-eared honeycomb cell model(B) schematic diagram
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Fig.2 Y-direction compression experiment of

double V-wings honeycomb
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Table 1 Maximum equivalent stress ¢ of

members under different compression MPa
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e 4 Theoretical Finite element Physical
Compression calculation simulation experiment

results results results

Y=3 mm 14.529 13.816 11.830

Y=4 mm 19.373 19.182 17.670

Y=5 mm 24.216 23.541 21.440
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Fig.4 Schematic diagram of compression process

of finite element simulation at 0.025 s
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Fig.5 Curves of equivalent stress constants of

double V-wings honeycomb with cell angle 6,
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Table 2 Design and result of orthogonal experiment

n}
A " C
i B S AR Hlncreqs‘e
Number 0,1/ t/mm 0,/ -
Angle 0,  Thickness ¢  Angle 0, percentage
of contact area
1 25 5 65 23.31
2 25 6 70 19.28
3 25 7 75 17.88
4 30 5 70 22.98
5 30 6 75 18.85
6 30 7 65 14.87
7 35 5 75 22.53
8 35 6 65 18.19
9 35 7 70 14.56
K, 60.47 68.82 56.37
K, 56.70 56.32 56.82
K 55.28 47.31 59.26
k1 20.16 22.94 18.79
ko 18.90 18.77 18.75
k3 18.43 15.77 19.75
R 1.73 7.17 1.00
3 W #

ABIETE ASEARA IR 5 2R B 0L 114 0 4R 3 8 O )t



% 2

KNSR S5 XUV BRI A GRS P e 45 A 2 01T TR 2 i T B 5 06 &R

259

FERT G AT VOB E R R OIA R L2 R R SE S8
5 M B B BE A, JF R AT TR Ik, i
XPAN TR ROSE S 800 Thoia b B 25 48 i 47 A BR T4l 1143
BT, 45 Hh C S5 R 19 55 3800 ) R g i AR AL B, X S
FOTE Y il in) i NG 2 o i R SR B B A TOA R
FE RO S TRIA RN FEAT S 08 77 A2 AL 5 o 7 2 2k —
. Py AR R, I AZ vhy b B AT 4 ol Sk SR By
Bt OF A BB £ 0 ) 3 SR B BEOF 2 S 1R By B A
4 AW B HokE i B sS i a2 800, .0, . 1
S O IS R VNN A ii S RS I N IS L TR 28 N
14.56 % ~26.11% » H AT AR 4 HL 4K T 00 75 oK 3% FH B
SEMITCEE M S8 i - B S BURBE ¢ 2 5% U
i b B 6 45 A %85 S g AR 1 F AR AR

ARWEGAL AT T Y J7 ) JEOR 84405 5 1 4R
TCSEI R IR T X 7 1) R 46 I (0 3F R 4R 45
P42 B0 SR B 495 10 AR S i I 50 . R SR ATF ST AT LA
3BT M 45 A8 7E 5 P 18 L A5 TS 50U A iR R 2
X 7 1) B o o 0 A8 T AL 0 BB AR

2 % Lk References

(1] HEHS. BB 20, 5 A BRI E SRR BRIt 58
B2 BT ] AR Al R4 2 4, 2020,39(4) 1 156-162. XTAO
Y Y,YANG R, LI H,et al.Design and kinematics simulation of
pulling device on header of combine harvester[ J].Journal of
Huazhong Agricultural University, 2020, 39 (4): 156-162 (in
Chinese with English abstract).

[2] GERASIMOV Y,SELIVERSTOV A,SYUNEV V.Industrial
round-wood damage and operational efficiency losses associated
with the maintenance of a single-grip harvester head model: a
case study in Russial J].Forests,2012,3(4) :864-880.

[3] VANDER MERWE ] P,PULKKI R, ACKERMAN P, et al.
The impact of log surface damage caused by harvester Fuca-
Lyptus debarking on pulp value recovery[ J].Southern forests:a
journal of forest science,2018,80(2):105-113.

(4] FEMR, T80, X0 S5 ARG SR & HLIE AR 058 e s 25 4
B Iy 2 A PE LI TR AL bRk K24 22417 2020, 48 (6) : 93-99, 104,
WANG D,WANG D, LIU J H,et al. Mechanics characteristics
of feeding roller filled with honeycomb structure of forest com-
bine harvester[ J]. Journal of Northeast Forestry University,

2020,48(6):93-99,104(in Chinese with English abstract).

[5] LAKES R.Foam structures with a negative Poisson’s ratio[ J].
Science,1987,235(4792) :1038-1040.

[6] PRAWOTO Y.Seeing auxetic materials from the mechanics
point of view:a structural review on the negative Poisson’s ra-
tio[ JJ.Computational materials science,2012,58:140-153.

[7] &% B H . GO AL Hb B 5 250 04 07 2 1k R WF 5% B i T
[J0. )32k &, 2011, 41(3) : 335-350. YANG Z C.DENG Q T.
Mechanical property and application of materials and struc-
tures with negative Poisson’s ratio[ ] ]. Advances in mechanics.,
2011,41(3):335-350(in Chinese with English abstract).

[8] QIAO J X,CHEN C Q.Impact resistance of uniform and func-
tionally graded auxetic double arrowhead honeycombs[ ] ].In-
ternational journal of impact engineering,2015,83:47-58.

(o]  To5aR, JRus =, R, 45, P9 U1 = £ JE (R0 A8 L 45 A Tif 48 1k &2
FURR AL BE T[] 55 MROR 2 24 4 (T2 D . 2020, 50 (1) £ 29-35.
MA F W,LIANG H Y,.ZHAO Y.et al. Multi-objective crash-
worthiness optimization design of concave triangles cell struc-
ture with negative Poisson’s ratio[ ] ].Journal of Jilin Universi-
ty (engineering and technology edition) ,2020,50(1) :29-35(in
Chinese with English abstract).

L100 BUH5 55 AR BEAR ORI P L 52 P e 5 445 4 7 A% PR L 32 b ) 2 ]
[J0. /P E PR T, 2012,23(5):542-546.YAN F F, XU X D.
Negative Poisson’s ratio honeycomb structure and its applica-
tions in structure design of morphing aircraft[ ] ]. China me-
chanical engineering, 2012, 23 (5):542-546 (in Chinese with
English abstract).

[11] 2%, ER PR, 55 B - Sk 06 3 25 4 Y T N 3D S R 47
MDA B R 2, 2019, 36 (8) £ 1893-1900. LU Z X, WANG
H,YANG Z Y,et al.In-plane dynamic crushing of star-arrowhead
honeycomb structure[ J ]. Acta materiae compositae sinica,2019,36
(8):1893-1900(in Chinese with English abstract).

[12] SIGNUND O,LARSEN U D.Design and fabrication of compli-
ant micromechanisms and structures with negative Poisson’s
ratio ] ]. Journal of microelectromechanical systems, 1997, 6
(2):99-106.

[13] RUAN D,LU G,WANG B,et al.In-plane dynamic crushing of
honeycombs-a finite element study[ ] ].International journal of
impact engineering,2003,28:161-182.

(147 BRERHE, FRAS WL, 201 k. 4R B 205 0 e 28 4 Wi oo v A B 1) 52 iy
()AL T4, 2019.70(10) : 4043-4051.ZHANG C C,ZHENG
M K, LI B G.Effect of soft segment structure on properties of
polyurethane elastomers [ J ]. CIESC journal, 2019, 70 (10):
4043-4051(in Chinese with English abstract).



260 BN N A = = %40 &

Coupling relationship between structure parameters of double-V-wings

honeycomb with negative Poisson’s ratio and log contact area

ZHU Xuchen, WANG Dian, LIU Jinhao, HUANG Qingqing

College of Engineering/National Forestry and Grassland Administration
Key Laboratory of Forestry Equipment and Automation ,Beijing Forestry University ,
Beijing 100083,China

Abstract The double-V-wings honeycomb (DVWH) structure was used to explore the damage
mechanism undermining parameters of its cell structure on the logging woods to solve the problem of
damage of timber caused by the logging woods during forest harvesting. Based on theoretical mechanics,
a theoretical model of the unit cell parameters and yield strength of the DVWH structure was construc-
ted,and the Y-direction compression experiment was carried out to verify it. The effects of cell structure
parameters on the equivalent stress and energy absorption changes of the structure under low-speed com-
pression,and the coupling relationship between the finite element simulation of the feed roller cell struc-
ture parameters and the log contact area are investigated. Selecting polyurethane as the material for roll-
er drive applications, the orthogonal test method was used to select the optimal parameters in the 4,,6, .,
¢ interval to increase the contact area between the feeding roller and the log by 14.56 %-26.11%. Results
showed that the cell structure parameters can be selected and determined according to the requirements
of specific working conditions. The structural parameter thickness ¢t was an important index affecting the
compaction strain of the DVWH structure with negative Poisson’s ratio. Changing the materials selected
for the negative Poisson’s ratio structure and the size parameters of the DVWH negative Poisson’s ratio
structure can improve the contact area between the feeding roller and the wood and reduce the pressure
on the log.

Keywords feeding roller; double-V-wings honeycomb; negative Poisson’s ratio; tree combine har-

vester; forest engineering; log damage; fallen timbers
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