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Mechanical Properties of Concave Hexagonal Honeycomb Structure

with Negative Poisson’s Ratio During Engraving Process

JIA Wenshu,CAO Guangqun” ,LIN Yaqiang,ZOU Libo
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Abstract; The engraving process of projectile accompanies the mechanical environment of strong impact,
high overload,and high temperature. During this process,the homogeneous brass rotating band undergoes
plastic deformation and damage destruction under the action of rifling land , resulting in the copper hanging
on the inner surface of the barrel. With the widespread use of the concave hexagonal negative Poisson’s
ratio honeycomb structure (CHNPRHS) ,a novel CHNPRHS rotating band was proposed for the purpose of
reducing the copper hanging phenomenon, taking advantage of the excellent load reduction and impact
resistance of the structure. The finite element model of the rotating band engraving into the barrel was
established. The deformation mode and mechanical properties of the CHNPRHS rotating band in the
condition of positive propellant were studied. The research results show that the CHNPRHS rotating band
satisfies the internal ballistic performance requirements during firing. While the movement of the projectile
in the process of engraving is not significantly different from that of the traditional homogeneous brass
rotating band. Due to the fact that the CHNPRHS rotating band undergoes three deformation stages of the
elastic, plateau , and densification. There is slight damage and fracture on the surface of the rotating band ,

and it adheres well to the inner surface of the barrel. Compared with the conventional rotating band, the
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damage and energy consumption of the rotating band during engraving can be reduced by 76.9%. The

CHNPRHS rotating band can decrease the occurrence of copper hanging on the inner surface of the barrel ,

and reduce the surface erosion of the barrel to some extent ,thereby improving the service life of the barrel.

Key words: rotating band; negative Poisson’s ratio structure; engraving process; barrel life; finite

element method
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Fig.1 New structural rotating band
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Fig.2 Schematic diagram of concave hexagonal

negative Poisson’s ratio honeycomb rotating band
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Fig. 3 Geometry diagram of concave hexagonal negative

Poisson’s ratio honeycomb structure
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Table 1 Basic parameters of honeycomb structure

LFFE  KRFEHIT MRt MRt iR
/mm KJE/mm KJE/mm AE/(°) /mm
0.05 1.72 0.86 42 0.05

Xt R U FR) PAY T 6 T AL L 36 3 2 g O R 0 2 12



66 i

B

Eild 536 &

B

AT LARIR R

L1 S[ (h/1)+2]
P =p 2 lcosa| (h/1) +sinf ] ()
K p, FEARIA BB E 5 o 068 25405 i [T

ANYAMA,5 0 KRN 0=2a-90°,
2 ARTER

LT DR KO SR B S LA R S —
YRR | SR HA BRI AT ABAQUS , HEST T $f AL it
ARG PR O T i B C3DSRT BAITXT B 45 bl i
oy 5L T RS R 4 . B TR B AR
sty XA 23 B R ) A8 T I 3R, PR SR T ALE
38 17 PR SR GRAIE BT E L T v A S, I 8 5 A
SR FH P MR R LU 4 T A, A AR 78 v 1) 58 4 it
SAPERLIRR TN e 55 Z5 A BB AT . AR S
Bangk 2 fion,

Fz2 MMBBHEE
Table 2 Material parameters
W/ (kgem™?)  BEBLE/GPa JEIRI S1/MPa JARAE
2 700 68 255 0.3

SRR A IS SIOPE R M e 25 R A
PRGN A% 455 R0 R Y 4 79 6 4 1 0 4 FR 43 52 B0 T
(S4R), FH R F K 0.6 mm, IR 5 4~ JE R
i

(G e A U o A A ol LTI N SN
(C3D8R) 7 5Lty 4 Jit 45 4 1 A BIR Je AR 78 ) s
RAF 804 mm, %3 850 01 %41 R H
Johnson-Cook 33P0 K HoAR 5 55800 Fe Ay
PROTAL T rhr | sy 55 5 S, 22 (1] SR FH 46 5 20 3R % 4
WA AR 5 B N RE SOLAN RS BB R
1 BRI T T A A BRL VA . R A A Dy T, AR 42 A
X T 2k e SR AL B 42 ik, iy 17 3k B AH S8 3 44
Z 1) EA R 422 i | HG vp BT 5 B 4 DN BE 2 TR) R ] PR
CEEEIR | PR R B0 R 0.1 Bkt AR o
SHL DA IS 0 B 2 A 114 B T I At 8 W B R DO
530k P S Al DR LGSR SR B ki
L 4 S N TN TE RS LU I 53 25 0 s 5 B 4 1 A PR
TCM SRR

FIFH P T 7 RS G SR B i R P SIS R )
B, AR 5 B 2 R EE R Y L R )
o M &K 5 Frox, vl o A BR T B R E
VUAMP ZETHEmzk

(a) A

(b) FULS BB HAE

(c) MR Tp i L e B 2 Ay iy
4 TRESHHARITMNERZE

Fig. 4 Finite element grid model of different structures
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Fig. 8 Variation of strain in rifling during

the process of squeeze
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Fig. 11 Displacement nephogram of the bomb
rotating band and surface damage during

the engraving process
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