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Fig.1 Internal ballistic process of serial launch mode™
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Table 1 Calculation parameters of 30 mm caliber artillery

u, e N " m f ®
/m-s” «MPa™ /mm ! ¢ /kg /) - kg™ kg
0.0018 0.4 0.84 1.06 1.15 0.3 1050000 0.075

Note: u, is burning rate coefficient, e, is propellant web size, n is burning rate

exponent, ¢ is friction resistance coefficient, ¢ is calculation factor of the
secondary work, m is projectile mass, f is force capacity, o is charge

mass.
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Table 2 Solving results of interior ballistic equation

beginning of engraving completion of engraving

projectile v Pe v Pe !

/m-s'  /MPa /m s /MPa fms
1 0.1 30.0 78.3 106.9 0.48
2 2394 167.2 256.0 158.8 0.043
3 366.1 101.1 3734 95.9 0.032

Note: v is engraving velocities, p, is equivalent pressures of powder

gas, tis duration time of engraving process.
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Fig.2 Finite element model of barrel and ammunition belt

B ik B 7 5 5505 R R B SR B N o A OE OR
1 Johnson-Cook #1575 "0 4t i s tfs B ik 1o 2 2 2
(14 BRPE AR T, B W 1y A B Ak | 1 AR S5 1k 5 R Rk
X B0 N ) i S2 A 5 >R F Johnson-Cook 2k & A5 7Y
S B Ay PR B U)W 24 2k 8% B i Gruneisen
RAETT IR E S 5 AN C R B MR 55
WORME AL SRR 3o M B R FH 4 A AR A A5 78 D i
8 A BT T B TR, AN 25 BB A T 5 T O 29 A
Jhi 438 1 PR AR ol R 4 L AR AR AR M i A
(R R R S AL 4,

% 3 #in Johnson-Cook #1 B} 45 71 2 5%

Table 3  Johnson-Cook material parameters of ammunition
belt

A/MPa B/MPa n c D, D,

112 505 0.42 0.01 0.54 4.89

D, D, Ds C/mm - ms™! Sy Yo

-3.03 0.014 1.12 3940 1.49 1.99

R4l SRR 2 8

Table 4 Material parameters of barrel and projectile body
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fringe levels
7.262e+02
6.564e+02.
5.865e+02_1
5.167e+02_
4.468e+02

material p/kg - m™? E/GPa v
barrel 7900 206 0.27
projectile body 7850 206 0.29

Note: p is density of material, E is elastic modulus of material, v is Poisson’s

ratio of material.
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Fig.3 Deformation of ammunition belt with different veloci-
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Fig.4 Actual deformation of ammunition belt

4.2 BN AN TS

Bl 5 STk a sy B = B 7R S Ay R E
7 I 1 B 5 20 b 1R 5 A SE 24 Ao, 7R B kR
YR EE 4> 5,50, 100, 200,300,400 m - s [ {
FLARTIX 24 A~ 5190 von-mises ZE RN 7, SR BN 7 1)
LRI 6, 6l UL, K [F e 4f o B T %5 50
T8 2 Sl K ZE VA S 0N B R 8 BUS dERRAE —

fringe levels
7.764e+02
7.026e+02 :I
6.287¢+02 !
5.549e+02 _
4.810e+02 _
4.072e+02 _
3.333e+02 |
2595e+02 _
1.857e+02

1‘1153*-02:'
3.798e+01

5 BrEbJR R B = K

Fig.5 Stress nephogram of ammunition belt after engraving
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Fig.9 Displacement-engraving resistance curve at different in-

itial velocities
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Table 5 Calculation results of the resistance force peak

Vo/m -« s7! Frp /KN Vo/m - s7! Frp /KN
5 20.3 200 21.3
50 20.5 300 22.0

100 20.6 400 22.9

Note: vy is initial engraving velocity, Fg, is peak of engraving resistance.
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Numerical Simulation and Analysis of Engraving Process with Serial Launch Method

HANG Yu, SHANG Fei, KONG De-ren
( School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to study the mechanical mechanism and movement characteristics of the projectile’s dynamic engraving rifling
with serial launch method at different initial velocities, the internal ballistic physics process with serial launch method was ana-
lyzed based on the 30 mm caliber artillery. The finite element models of the projectile and barrel were established and the finite el-
ement simulation of the engraving process was carried out with LS-DYNA. The results show that the initial engraving velocity has
no influence on the deformation of the ammunition belt. The ammunition belt is grooved by the rifling gradually and the plastic de-
formation occurs. When the initial engraving velocity increases from 5 m - s™' to 400 m - s™' | the equivalent stress of the ammuni-
tion belt increases from 611.8 MPa to 717.5 MPa, the plastic strain peak of the ammunition belt decreases from 0.89 to 0.75, the
engraving resistance peak increases from 20.3 kN to 22.9 kN and the friction resistance after the engraving process is completed in-
creased from 0 to 3.5 kN. When the initial engraving velocity increases, the strain rate of the ammunition belt material, the plastic
flow stress and the engraving resistance change, which have great influence on the following ballistic process of the projectile after
the engraving process. When three projectiles are launched with serial method in turn, the standard deviation of axial velocity of

1

~', and the subsequent two are 18.2 m - s™' and 26.7 m + s™' respectively. The vibration shock effects

the first projectile is 8.3 m - s
of the subsequent projectiles are more significant than the first one at high engraving velocity.

Key words: serial launch method; ammunition belt; initial engraving velocity; finite element analysis; engraving resistance
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