F43 HE M = T 2 Eibd Vol. 43 No.9
202249 A ACTA ARMAMENTARII Sep. 2022

MS855A1 2 A (= 1) e B £ {4

IARGL ) X BEART ) AR BIED LMY, SR
(1 JGER TR TRNER LT KGE 1160245 2. KE TR MU TR, 107 Ki% 116024 ;
3. P E AR BRI, BRVE PHZE 710065 ; 4. ML pi S RERHE A FRA A, ILZR b 261000)

FE. M855A1 R — M X AHAFHFHAEMN /N Z L%, I M85S St B EEM M T # H
THERGREAR R, YR EFEF R, KA AR TR 4 ANSYS/LS-DYNA X F B 2 T
M855A1 F M E A EMWENR KFRNENNIRBTREGE, oM FF IR P H LG HNEN
BRI BEEN, F A EERREFAEREENXRHATERNS , WERHEET 9%, £R%
U ,M855A1 FHMARLAKREAR N E SR EGFFHENTER, LW ERE FRELET
AT R ENA A RERE,

KB, HE R ; MBSSAL FAeH, MEMR, FEGE,; WEMK

FES%ES: TI301 X EkFRERG: A XEHE: 1000-1093(2022)09-2339-11

DOI; 10. 12382/bgxb. 2022. 0448

Numerical Simulation of the Penetration of M855A1
EPR into Steel Targets

WANG Jirui'*, LIU Conghe”, FAN Junling’, JIAO Ting’, GONG Jianpo*, HAN Xiao'
(1. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, Liaoning, China;
2. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China;
3. Aircraft Strength Research Institute, Xi’an 710065, Shaanxi, China;

4. Weichai Ballard Hy — Energy Technologies Co. , Ltd. , Weifang 261000, Shandong, China)

Abstract. M855A1 is a small-calibre high-velocity rifle bullet with the structure of the new type of small-
and medium-calibre armour-piercing projectile. Compare to its predecessor, M855/55109, M855A1 has
enhanced penetration performance against hard targets and lethality against soft targets. To study the
penetration performance of the new 5. 56 mm M855A1, numerical simulations of the process of M855A1
penetrating structural steel target and armoured steel target at different ranges were carried out using the
finite element software ANSYS/LS-DYNA. The deformation and damage evolution of the round and steel
target during penetration were analysed, and the relationship between range and maximum penetration
thickness was fitted as a function, with a fitting accuracy higher than 99% . The results showed that the
MS855A1 round can meet the demand for penetration performance against hard targets of modern high
velocity small-calibre rifle bullets, and its structure is more efficient in utilising the kinetic energy of the
round under low-velocity and thin-target conditions.
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Table 2 Theoretical velocity and maximum penetration

thickness at partial range

IR /m EHH/ (mes™") ZFi% R/ mm
100 802.0 15.371
200 705.5 12.796
300 616. 1 10. 542
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Table 3  Residual velocity and kinetic energy of steel core

after penetration at 100 — 500 m

GiHE/m S/ (mes™") Zhfig/]
100 0 0
200 161.3 15.7
300 109.2 6.0
400 142.8 11.7
500 182.4 18.3
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Table 4 Simulation results at 50 — 175 m

s, HR BB/ EREE/ #s B

m  (mesh) mm (mes™)  BhfE/) ES

50 852.7 16.35 196.9 22.97 1980.9

75 827.1 15.5 175.0 16.92 1994.5
100 802 14.95 105.7 5.93 1983.4
125 7717.2 14.3 121. 8 7.92 1982.8
150 752.9 13.75 215.3 25.94 1974.2
175 729 13.4 165.3 16. 04 1946.3
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Table 5  Therorietica limpact velocity and maximum penetration

thickness at 100 — 500 m based on 100 m simulation

result
S/ m FHH/ (mes") 5% R/ mm
100 802.0 5.750
200 705.5 4.787
300 616. 1 3.944
400 533.1 3.207
500 455.4 2. 560
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Table 6 Simulation result at 200 — 500 m

WR, B RE, BIREE, R4 B

m (m-s™) mm (m-s™")  Bhig/l REL
200 705.5 5. 100 141.6 11.09 3752.99
300 616.1 4.300 92. 04 4.63 3641.97
400 533.1 3.496 172.35 16. 04 3641.97
500 455.4 2.791 179. 58 18. 16 3641.97

%6 A UL, 616 M4 M8S5A1 YL 5 2 B 7E
FIHE 100 ~300 m N5 FHFE GG, 7F 300 m ShFEAR
FasE . MHARE 50 ~300 m I Bl A% PR %5388 5 1,
[ FR25 m BN AT H . 5 1006 98 R 45
616 X 100 ~500 m 25 FARLL, T 2R 505 AR
JERE N A G, EHA TR, YRR
300 m HHEAL T 616 m/s A, FEUAREE B /N F A
K EAR AN RS R A S R (Bl T
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NAAREA RAFRG R, W H 2 Br 234G
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70.97% , n] P B AERR LA M855A1 Xt 616 4K
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850 m/s T8 8 Y0 Bl P ) 616 285 AR (1) d5e K e /N Bt
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Table 7 Simulation results at 50 —275 m

WR, B R BIREE/ FA P
m (m-s™1) mm (m-s™')  Bhfg/] REL
50 852.7 6.25 167.7 14. 82 3 880. 67
75 827.1 6. 00 151. 6 10. 38 3873.17

125 777.2 5.55 178.2 17.21 3843.43
150 752.9 5.40 141. 8 10. 50 3795.28
175 729.0 5.20 89.0 5.71 3773.08

225 682.5 4.80 179.3 17.33 3734.13

250 659.9 4. 60 95.4 5.70 3721.19

275 637.8 4.45 92.2 4. 64 3680. 92
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Fig. 15 Comparison of simulation and polynomial

fitting result of K(616 steel)
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