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Abstract; Recoilless launch can reduce recoil effectively, but it causes the reduction in low muzzle
velocity. To resolve the conflict between muzzle velocity and recoil force,a reverse jet recoilless scheme
based on combustible cartridge and electromagnetic induction ignition is proposed. Energy is transmitted to
the ignition head through electromagnetic induction, which ignites the fast-burning propellant and
combustible cartridge in the chamber to provide the launch energy. After reaching a certain level of
pressure, the Laval nozzle is opened, and gas is sprayed backwards to balance the forward impulse of
projectile. For high muzzle velocity recoilless launch , the loading density and chamber pressure are high,
and the interior ballistics is prone to instability. To increase the stability of interior ballistics, a classic
interior ballistic model during the shooting process is established , The performance of interior ballistics is
analyzed and the stability of interior trajectory is studied through numerical simulation. The ballistic test

research was conducted to verify the proposed scheme. The results show that the proposed scheme. can be
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used to reduce the recoil impulse to below 1. 5 N-s without reducing the muzzle velocity of projectile. The

scheme can provide new ideas for the future development of light weapons.

Keywords; recoilless gun; interior ballistics; electromagnetic induction ignition; combustible cartridge case
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Fig. 1 Ballistic system scheme
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Fig.2 Projectile scheme
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Fig. 3 Opening process of Laval nozzle
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Fig.5 Schematic diagram of Laval nozzle
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Table 6 Interior ballistic performances under different

design parameters

s kg, L
iS5 (s AR MEE/MPa # 1 3hAE/)
me-s
Pk Bt/ g -35.7 15.0 167. 90
R/ g 118.2 25.5 902. 70
AR L g 70.0 45.0 500. 00
Fir FL/R W
Iy -103. 8 -75.0 -757.75
B A%/ mm

1 6 TN Sk B AR 1 g, 3 Sk )
iK% 35.7 m/s , S KB R HE R 15 MPa A H S BERE N
167.9 J; KT 5RIEIN 1 g, LA 3L 55 118.2 m/s,
BB 25. 5 MPa M DTS RERS N 902. 7 J; T 4R
YA B AN 1 g, Sk WA R 70 m/s, B KM
JEFER 45 MPa, 4 TS BERS I 500 J 5 $7 LR W87 0k
TP EARBEIEIN 1 mm, #L P FEAIT 103. 8 m/s, ek
Ji R AIK 75 MPa, 46 F Sl REFEAR 757.75 ),

FH & 6 AT, # Sk Ay X & B 24 e 5 7 FUJR
M AR S LA e R IR, %o P R 24 F o e A AR, Xof
980 S) S AN BRI B T B 1 W A D R L
T e R R X T R 24 i 0 e e Ry R W S 2 o
T 5 S RO BURG A D B RE XS A 2 B S
L PR G AS M 08 A28 i SR, %o M R 24 F o i ey
TR XSk R RN RUER . PR, 7 SC PR S R
TR RS 2 TR BRI A2 R A, DAk
)4 w2 Sk A 5 A 1 Sl A ) s i e K e e
TR PRV 5 5L o B ot g Skt | e KB R 5548 1 86
REAR A ANEURR 78 52 PR i b ml DUAR I8 52 b >R
HEFT IR s 1 LR A A0 A %o LSk Aoy ikt | e A fht
FE5H O BhRE AR A A R, HLYSE T J5 A8 77 19 1 £l
MR THBEERHIE,

SRR UE N ST )RR RE T, T B AT R R P S
R E MRS E BN ARl I, BRSO 2 BT

e AT R 5 1R A 25 3 /TR X P
R PERG S P IR

S JE R T B WK 1 2 B B0 B B JR
TE TP IR T 7 S0 0 L, P LA b ) 50
BRI AR ST T R IR B R AR
FF IR S8 55 s WA S5 1 IR 7 9 3R B
2 P L B AR WA I A8 e B 1A % 99 25 K
2 15 8% B RS AT 31 P S R DRI
FE R IR IS JE ) R AE T 20 MPa, i)
B WG 1L AR, W R R R &
5 UK TR AR TR IR JRE 7 7 i
MR R I LB DR B 65 5 A )
BRI L 75 T SR H ARG R/ W O O 4, 51
BB R R A

X2 R 2 T R i 5 T2
PP 2 e I, Sy R , Sk Tt — i
R 11,2 g, {64 B9 2 T A4 14 5 e
SR, 4 B AR 5 2 910 m/s 1 i e Bt
2GR R SR AT B 12 g DL E 1 UM
KT 1 RO (20 5 th B B AR ) . %
FE B B2 2 J B T TR | DR R B A
B PR A, TS R A2 | R TS
A 2 DE S A 24 2 Bt 0 R 4 05 22 59 25
AT RZE A 2 0, RN, T R P MR
ZHE I TR P B

2R T HREG 4 15 R AT 251 A 2 25 | TG
AN WIS | ELWB I R FE SRR T By
IR I LB S L e P Rl Y T A 24 e 5
BRI A Bl Akbe . 7 BILE I 5 1< 0P
e PR R S R T AR 25 T K A K 25
IR E AR T IR bE 58 4, (LTI A ) i S
ST, 75 B A P S R S TR 0 1 e 2
BODCRERETF, T AZH (T ORI ) 5 HEL 2 0 L
S, T WA TTRRZE IR BRI, 75 5 ) T R 24
TAISERE (L ATk 24 0 5L 5 FL 38 5 5 A fRIE R
PRRIE 75 B4R R TR SRR R . PRI, AR
FTHRZE T 15 2 DU, A B A 28
21 14 7 R AU T R 25 245 2 [ 44 5 T 4 24
FTRERHIE
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Table 7 Main parameters of interior ballistics

24 Bl S8 e
[142/mm 7.62 S,;/mm 6
m/g 11.2 S,,,/mm 18
I/mm 560 o/mm’ 1x10°
ZEAB/ mm’ 22 682 WEAE F1 3 B A%/ mm 5.8

k8 TMAHEIESK

Table 8 Main parameters of combustible cartridge case

Zitkt/g 8.5 KN/ (Jgt)  Tx10°

FEJTHREL 0.83 X, 0.997

R/ (gomm ™) 1.63e-3 A, 0. 008

PRE/ (mm-Pa™"-s7')  5.5x107° M. -0.005
JE B/ mm 2 K E/mm 80

X9 KHAUEZESK

Table 9 Main parameters of propellant powder

dikit/g 5 K25 )1/(J-g")  10.1x1072
FE(gomm ™) 1x107° HUE/ mm 0.14
FE T84 0.813 X, 1.35
W/ (grmm”) 1 1x107° A, -0.259
PR/ (mm-Pa™-s™') 6.15%x107° My 0

BE T PN SO R SR AT T BUE A3 AT, B S BT 2
FE 6 fras,

& 6 AT, FEP AL BB TS 40T P SE e JE]
299 1. 4 ms, g KM JE Ol 365. 4 MPa, # 3k 4] 3 K
960 m/s, JCJF A K ST i AR S Ak T3 7R AR I By B R A
R 0, BE IF TR] A 38 0 A1 it 220 T 1S R (IR (H 2R
Sk IZ B B T 1)), 7E 0. 4 ms J5 A it ik B i
15, 4 1.35 N-s, BifiJ5 th T FUARBEAE IO R 1l
HHE 7, 3 5 Ak vh it B BRI, B2 S AU A5 R
(L.4ms)J5, 50 -0. 06 N-s (53R
CIRGIDIE

4 RIGER

SR B UEBE 5 PN SRR AR | i BR A S R
TR Ry A AT T R, e 7
JIE7R o IR B4 S A A R s O A TR AL
SR AR Hh X o K Mt A et %o A i aod A v 1 B
e FEEA TR, R 784 B IR AR R 55 P ST AR E
SN 3.0g.5.0g.5.2.5. 4 g KRETZG TR
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Fig. 6 Interior ballistic parameters-time curve
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Fig.7 Ballistic test equipment
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Fig. 8 Chamber pressure-time curve
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Fig.9 Chamber pressure test curve
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