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Fig.1 Schematic diagram of interior ballistic model of differ-
ential traveling charge firing concept
1—artillery primer, 2—powder grain, 3—energy storage chamber,
4—projectile(gliding projectile) , 5—jet flow, 6—cylinder base
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Fig. 2 Schematic diagram of medium velocity distribution
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behind projectile based on modified Lagrange assumption

CHINESE JOURNAL OF ENERGETIC MATERIALS

m, NELTE IR BRI i kg; p, MJE 3R I, Pa,
(2) ®ATHFALIE B AR

dv,,
A,p,=m, d; (7)
Xrp,p, AR E A o M E Ty, Pas m, S ©AT S
it kg
(3) BAT LRIz s i e .
Az(p]—pz)ﬂ;yuo:mldvtm (8)
dt

b v WA T RE S, m - s Uy LA
SRR m - sy my g BEAT TR i kg m, W
WAL I R kg - s

(4) BEAT TJR T m,
m‘=m‘0—J'lr;1‘dt (9)
Kf, my J G BEAT TR

(5) WL H B T A i, b O I e VA
I AL 34 e T BB 4L PRI A

m,=m, +m (10)

A%,kgo

(6) WEALAI R IR m,,
m,, =Cp,App el (11)
S, Co J AT B BB, TR A5 py A9 B AL 3 1O
S kg - m7 s & WABR, BRA.

(7) WEALIR AR R i m, -

m,, =Cp,App,(1-¢) U, (12)
s, Co, R U i 2 50, TE 405, W BELAT T
J# kg - m™,

(8) WEFLUASIL B u

y

Y

e |

Y

“ mTBZY)

Ay WS %%%iéﬂ T, AR AR L,
Ki C, s, m - s™ 5 ROWIRHAL) - (mol - K) ™.

A fe A oH 2014 % %22 % % 64 (834-839)



836

84, Bk, R, B

(9) W-RE RSB p, -

=T (14)
Py A, Xx.&
K, x, A REE A MK, m,
(10) WREESBEK e
m,,
e=1-—%_ (15)
pplA2Xl
(11) EReE s HKE X,
xlzxm—f (Vi =V, ) dt (16)
0
P, xo A REE KEWIE , m,
(12) ERez=<AHBT & my:

m[ng (My—m,,)dt (17)
0

A, m B REE MR U kg - 57 o
(13) W-RE= EAH B m,,

m[p:mlo—j (mg+m,)dt-m, (18)
0

(14) I RE MR R my,
= (19)
Kby, WBEAT 2 SRR L, T
(15) I fie s BAFBETT 25 DR IR BULL 9,1
xZ(1+rz+uz) (0 <z, <1)
{XSZI(1 +A.z,) (1<z £z,)
Py A HBEAT L RE BEMN; x, A, NBE
172503 RPERGIE RA TC R A5 Z NAHXT E IR,
ToEN,
(16) BEATZIHIX EMRINE 2,
dz, u,
o (21)

dt=e1 "
Krh, e, AT RIMG IR —F, m; u, HRHER
Boom e sT s on BREAE R, KR p, NIV REE T Y
J£77,Pa,

(17) I fE

t

(20)

qzﬁjjféﬁ Pim ¢

R B VL L
Pim =P 2P1MX1 6ptNXt (22)
s, MUN LA 53

Mz(A_Ao)pd'—Azpl ) Vpl( V2 =V )
@M, X

(23)

t

N_ 171Ap, (A=A py Ap,
-_— —_— +7
Xelom, @ m, @ m

(18) WREERAE L p,:

(24)

Chinese Journal of Energetic Materials, Vol.22, No.6, 2014 (834-839)

mg+m,,
= 25
pl AZ Xt ( )

(19) HUBIEARIER p, :
P2 =P _PtMXI_%PlNXf (26)
(20) RE = UHOR DT 72

m
Pl A, x.— J—mtga‘) =m R T, (27)

pt

A, HBEFT 2 MEAREE, m’ kg
(21) hE = RE & ST AE 7 A«

1 -
Azxt[pgtahg+ppt<1 _8) hp] :; fofmtgcdt_

fmlghgdt—f mmhdeAzj P, vmdt—Azj p,v,,dt (28)
0 0 0 0

K, hy ohy SR BEAT 25 B RS LR Pa - m’y ol
WEATZ5 K 2501,) - kg™ 5 0=y=1,y JLLIRLL, TR,
2.4 BETEEFENEERE

(22) WASR)E B BEFT 25 4 AR R myg,

m,, = f;(r'ntg+n'1‘gi)dt (29)
(23) WAMG AT BIAH & m,,, :

m,, = f;(m‘p—migi)dt (30)
(24) FABLIE MIBETT 25 R A BE 2 my,

. =fé1r'f;letdd¢/tl (31)

(25) SRR TROEJE B IEE vy

N .
(I_;wi) Vi _2f(lmeVodt

Vdj =

N <I=1725N) (32)
.gwi-i_f({)mtdt
K 0, W PP F 255 kg,

(26) W5 I W 3t AR AF X S48 00 SR v,
Vo =V —Uy (33)

(27) N Ay
2 ’[iwilr//i+’[1mtgo_Ap<l+l¢)=g(§01m v, +m2vf)2+

1 7pl

mtvfm)+%( iwi+f; r'ntdt) vﬁ,j (34)
b S PR R k2 ) - kg L O BRILAT
,ms 1, N ERSH B S A4S, m,

(28) i f52s [ & J1 4370 py:

Noodv, .
_Z1wi d; -m(2v,+vy)
=py+— I+l,)’ X’ 35
px pd 2A(l+l0)2 [( 0) ] ( )
A e M A www. energetic-materials. org. cn



— Rl R e A SR R 240 R R R R 2 O

837

K, b I EHH ,m
3 EFMITEALHIBETESHR

BT ERES R R S-S L g A AT
KOESR R, %160 mm AR JHERAIFR 1 HEAS & T
R AR A R B KB TE p,, AT HRAUIE B A KR
I3 P FUBALAT ARG 1, 95 85 25 o, JWAT 24
omy R SIS 26, %, BB 045 R 0% 2, 3t
B BRI S R SO v, BB TR AR
FIER o AL BB, b GO R % T m, L5
RS R — D EES R IEATII AT, 268
%5, B ";’F}=2'O+O‘ S5my, Bk kg, HoA v 5 — i

FRE T NEA AR TR, S T T R 5
BEAT 25X BRI . K 2 T p, HHLEALETT .

22T ~ 3, LR AT UL AR e R R
I Pon MUETHE m,=m, +m, =50kg A7 Fif §2 , 4 B
G E R B m, RAT IR m, FIRE T 255 m, .
TR RN BEE m B R, JOLWIE v, 154 T
P A 2 g, #F W R, Wor % 3, mg =
9.2 kg, ¥ w,=13.41 kg, Y HEHEH (T o+
m ) AR AL (X ) B INZ 7.1 kg I, WI584R &
7247 m - s HBIEZ N 26% , B8 TAER BRI
o, WRYy 28%

E1 HEAEAS R
Table 1 Primary parameters of 160 mm gun for calculation
d/mm ly/m W, /m? Pm/MPa /) kg™ ) - kg™ my /kg A, /m?
160 7.64 25.5x107° 350 100x10* 125x10* 7.2~9.2 16.286x107°

Note: d is gun caliber, I is run length, W, is chamber volume, p, is maximum bore pressure, f;is powder force of main charge, fis powder force of traveling

charge, m, is mass of traveling charge, A, is cross sectional area of energy storage chamber.

®2 NEEIRELR

Table 2 Calculated results of interior ballistic

scheme 2e;;/mm o, /kg my, /kg m, /kg my/kg  vo/m -7 pyn/MPa  p, /MPa p,/MPa g, Ay /%107 m?
1 2.1 14.34 7.2 5.6 44.4 1179.3 322.8 315.8 121.7 0.599 3.551

2 2.1 13.92 8.2 6.1 43.9 1193.2 323.4 315.1 125.8 0.611 3.996

3 2.1 13.41 9.2 6.6 43.4 1204.6 323.6 315.3 129.7 0.619 4.452

4 2.1 14.07 7.2 5.1 50 11121 325.5 320.1 118.7 0.596 3.181

5 2.1 13.73 8.2 6.1 50 1115.0 326.5 318.3 121.9 0.611 3.644

6 2.1 13.23 9.2 6.6 50 1117.0 327.9 316.8 125.2 0.616 4.241
common charge 2.3 16.90 — — 50 957.5 315.4 — 56.0 0.482 —

Note: 2e,; is web thickness of main charge, w;is mass of main charge, m, is mass of cylinder base, m, is mass of projectile, v, is muzzle velocity, py,, is maximum base

pressure, p,n, is maximum right-hand pressure of energy storage chamber, p, is muzzle pressure, 7, is gun working volume utilization rate, A, is injection orifice area.
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A New Firing Charge Concept of Increasing Intelligent Ammunition Muzzle Velocity

ZOU Hua''? | LU Xin', ZHOU Yan-huang', ZHAO Run-xiang'
(1. School of Energy and Power Engineering, NUST, Nanjing 210094, China; 2. School of Science, NUST, Nanjing 210094, China)

Abstract: A new charge concept for increasing intelligent ammunition muzzle velocity based on differential traveling charge tech-
nology which is able to largely increase gun working volume utilization rate and muzzle velocity within the limits of given projec-
tile overload was proposed. With adaption of sub-caliber sabot projectile design technology, this charge technique facilitates the
design of high lift-drag ratio gliding projectile, and increases artillery range. A differential traveling principle interior ballistic nu-
meric model was established. Assuming traveling charge mass 9.2 kg and main principal charge mass 13.41 kg, the calculation of
160 mm gun with the new charge technique demonstrates that the projectile muzzle velocity increases by 26% and gun working
volume utilization rate increases by 28% , and under the conditions of maximum bore pressure up to 350 MPa, projectile bottom
maximum pressure p, <318 MPa, projectile mass 43.4 kg and travel 7.64 m. Through calculation with modified particle external
trajectory model for 130mm sub-caliber gliding projectile, this charge technique can extend maximum range to 99 km.

Key words: intelligent ammunition; traveling charge; interior ballistics; differential principle; range extending technology
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